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ABSTRACT 

 

 Finger gnosis, the ability to mentally represent one’s fingers, has been shown to predict 

mathematical ability in children. More recently, researchers have shown that this relation holds 

for college students as well. In the current study, I sought to replicate and extend the finding that 

finger gnosis is a predictor of mathematic ability in young adults. To replicate these findings, the 

relation was assessed utilizing a simple math task that assessed calculation fluency. I attempted 

to extend past research by also assessing the relation between finger gnosis and a more complex 

test of mathematical ability, the SAT mathematics test. Additionally, I examined the relation 

between finger gnosis and both symbolic and non-symbolic measures of numerical magnitude, 

using a number line estimation task and the dots task, respectively. Finally, memory score was 

tested as a mediator of the relation between finger gnosis and calculation fluency. Results 

replicate the previous finding that finger gnosis predicts calculation fluency in adults; however, 

finger gnosis was not a predictor of SAT math performance. Additionally, finger gnosis was a 

predictor of symbolic but not non-symbolic numerical magnitude estimation. Finally, although I 

found a relation between finger gnosis and both calculation fluency and use of memory score, 

memory score did not mediate the relation between finger gnosis and calculation fluency. 

Keywords: Finger gnosis, calculation fluency 
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CHAPTER 1 

INTRODUCTION 

 

 Children use their fingers to assist in the cognitive processing of numbers (Butterworth, 

1999). Literature in the field of numerical cognition suggests that using fingers when counting 

helps to connect non-symbolic number representations with symbolic representations (Fayol & 

Seron, 2005). Andres and colleagues (2008) argue that fingers may be the “missing tool” that is 

foundational in our understanding of key principles related to counting number. These principles 

allow us to understand both cardinality and one-to-one correspondence between the physical 

world and symbolic number systems. Along these lines, finger gnosis, or the ability to mentally 

represent one’s fingers (Butterworth, 1999) has been shown to predict math performance in 

children (Fayol, Barrouillet, & Marinthe, 1998; Noël, 2005; Penner-Wilger, Fast, LeFevre, 

Smith-Chant, Skwarchuk, Kamawar, & Bisanz, 2007) and adults (Penner-Wilger, Waring, & 

Newton, 2014). The persistent relation between finger gnosis and mathematics performance 

suggests that finger gnosis may be a foundational skill for numerical calculation. Here, we 

examine if it also relates to the non-symbolic and symbolic approximate number system, 

performance on a standardized math assessment, and addition strategy selection in adulthood. 

Finger Gnosis and Mathematical Ability 

 
Literature in the field of numerical cognition supports the idea that fingers are important 

in establishing basic numerical competencies (Butterworth, 1999; Moeller, Martignon, 

Wessolowski, Engel, & Nuerk, 2011; Penner-Wilger, et al., 2007). As young children begin to 

develop numerical abilities, it is advantageous for them to utilize their fingers. Namely, fingers 

are readily available and help to connect non-symbolic number representations with symbolic 

representations (Fayol & Seron, 2005). Fingers assist with our understanding of one-to-one 
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correspondence (Beller & Bender, 2011; Gelman & Gallistel, 1978) meaning that for each object 

in a set to be counted only one number word need be assigned. Similarly, the stable-order-

principle (Andres, Di Luca, & Pesenti, 2008) states that each set of items to be counted has a 

unique first element. When counting on your fingers this may be your thumb or index finger. 

Likewise, an understanding that the number for the last item in the set of objects to be counted 

represents an understanding of cardinality (Beller & Bender, 2011). Using your fingers allow us 

to understand both cardinality and one-to-one correspondence between the physical world and 

symbolic number systems. Furthermore, researchers believe that these finger-based 

representations help children link non-symbolic number representations with symbolic number 

representations (Butterworth, 1999; Fayol & Seron, 2005). 

 Finger gnosis, or the ability to mentally represent one’s fingers (Butterworth, 1999), can 

be measured and has been shown to predict math performance in children (Fayol, Barrouillet, & 

Marinthe, 1998; Noël, 2005; Penner-Wilger, et al., 2007). Initial investigations into the relation 

between finger gnosis and math ability included a variety of neuropsychological tests, including, 

but not limited to, finger gnosis (Fayol et al.1998). Noël (2005) then attempted to replicate this 

finding isolating finger gnosis as the predictor. She found that finger gnosis score predicted both 

fluency and accuracy across a range of mathematical tasks including simple addition. This was 

true during concurrent testing in the first grade and again longitudinally at the second testing 

time point in second grade. Penner-Wilger and colleagues (2007) found similar results, 

suggesting that finger gnosis score is predictive of calculation skill in first grade.  

In typically developing children, the use of fingers when problem solving is generally 

only observed until grade 2 (Jordan, Kaplan, Ramineni, & Locuniak, 2008). Specifically, the use 

of fingers typically serves to help reduce working memory demands until single-digit 



3 

calculations are encoded and able to be retrieved directly from memory (Ashcraft, 1992). This 

practice adapts with mastery of basic numerical concepts, unless an individual presents with 

mathematical difficulties (MD) (Krinzinger, Kaufmann, & Wilmes, 2009). Further, the relation 

between finger use and mathematical problem accuracy decreases with age (Jordan et al., 2008). 

This could suggest that the relation between fingers and mathematical ability does not persist 

into adulthood. However, both behavioral (Imbo, Vandierndonck, & Fias, 2011; Lindeman, 

Abolafia, Girardi, & Bekkering, 2007; Moretto & di Pellegrino, 2008) and neuropsychological 

evidence (Sato, Cattaneo, Rizzolatti, & Gallese, 2007) suggest otherwise.  

To investigate this relation in adults, Imbo and colleagues (2011) examined the role of 

hand motor circuits in simple problem solving. They found that with subtraction problems 

passive hand movements negatively disrupted the counting strategy indexed by greater reaction 

times. Additionally, Moretto and di Pellegrino (2008) found that adults’ grip can be manipulated 

by being primed with digits of different magnitudes. Specifically, small numbers facilitate 

precision grip and large numbers facilitate power grip. Further, in an attempt to establish a neural 

link between fingers and mathematical ability, Sato and colleagues (2007), utilize transcranial 

magnetic stimulation (TMS) to examine hand muscle excitability when completing a parity 

judgment task. Their results show increased corticospinal excitability in adults’ hand muscle 

when completing the parity task.  

 In the only study looking at the relation between finger gnosis and math performance in 

adults, Penner-Wilger and colleagues (2014), examined at the relation between finger gnosis and 

mathematical performance in adults. In particular, they find that finger gnosis and subitizing 

jointly predict a significant amount of the variance (R2 = .33) in calculation fluency. These 
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results indicate that finger gnosis, which has been identified as an antecedent to mathematic skill, 

can also impact later mathematical calculation.  

As mentioned earlier, fingers are proposed to help to connect non-symbolic number 

representations with symbolic representations (Fayol & Seron, 2005). However, fewer studies 

have examined the relations between finger gnosis and symbolic and non-symbolic numerical 

magnitude. Numerical magnitude is considered to be an important building block for higher-

level mathematical skills (DeSmedt, Ansari, Grabner, Hannula, Schneider, Verschaffel, 2011) 

and can be measured using symbolic (Schneider, Beeres, Coban, Merz, Schmidt, Stricker, & 

DeSmedt, 2016) and non-symbolic (Price, Palmer, Batista, & Ansari, 2012) tasks. Symbolic 

numerical magnitude tasks are more reliably related to mathematical performance (Schneider et 

al., 2016), whereas non-symbolic numerical magnitude tasks are less consistently related to 

mathematical performance (Price et al., 2012). Further, children experiencing mathematical 

learning disabilities (MLD) experience a deficit in numerical magnitude processing (Mejias, 

Mussolin, Rousselle, Grégoire, & Noël, 2012) as well as a deficit in finger gnosis ability (Noël, 

2005), providing some evidence for this connection. Additional evidence comes from Penner-

Wilger and colleagues (2009), who examined finger gnosis with two tasks that require an ability 

to represent numerical magnitude, a number line task, and a symbolic magnitude comparison 

task. They found that finger gnosis was correlated with more linear number line estimates, and 

smaller distance effects on the numerical magnitude task. 

Explanations for the Relation between Finger Gnosis and Mathematics 

Although the relation between finger gnosis and math performance has been 

demonstrated, there remains no clear explanation as to why this relation exists. The locationalist 

view is perhaps the simplest explanation of the relation between numbers and fingers. It posits 
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that the relation between fingers and mathematical ability exists because these tasks are 

supported by neighboring brain regions (Dehaene, Piazza, Pinel, & Cohen, 2003). This view is 

supported by the existence of Gerstmann’s syndrome. Individuals presenting with Gerstmann’s 

syndrome experience a constellation of symptoms including finger agnosia and acalculia 

(Gerstmann, 1940). Neuroimaging confirms that a lesion of the left parietal lobe can impact 

individuals’ finger and numerical representations (Sandrini & Rusconi, 2009). Using rTMS, 

Rusconi, Walsh, and Butterworth (2005) show that stimulation of the angular gyrus, located in 

the left parietal lobe, creates an online disruption in tasks requiring both finger and numerical 

representations.  

Another explanation of the relation between fingers and mathematical ability comes from 

the functionalist view (Butterworth, 1999; Fayol & Seron, 2011). This view argues that because 

fingers are used almost universally during early stages of math development, the representations 

of fingers and numbers become developmentally linked. This view also posits a link between 

finger agility and math ability. In support of this, Barnes, Smith-Chant, and Landry (2005) found 

that children with Spina Bifida, a neurodevelopmental disorder known to impede motor ability, 

have lower mathematical ability than their typically-developing peers.   

 Thus, all of this research has established a relationship between finger gnosis and 

mathematical ability that persists into adulthood (Penner-Wilger et al., 2014). Although children 

abandon finger counting and begin to utilize more advantageous calculation strategies beginning 

in second grade (Jordan et al., 2008), research shows that finger representations are still 

important in adulthood for tasks requiring numerical processing (Badets, Pesenti, & Olivier, 

2010). However, some children, typically those experiencing difficulty in mathematics, persist in 

utilizing these more cumbersome and error-prone strategies (Geary & Brown, 1991). Therefore, 
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finger gnosis may be a malleable factor that can explain individual differences displayed in 

calculation performance, as seen in other work, but also possibly in strategy selection and the 

efficiency with which strategies are utilized in adulthood.   

The Potential Role of Math Problem Solving Strategies 

During elementary school, children learn how to solve simple arithmetic tasks with 

minimal effort (Geary & Brown, 1991; Geary, Hoard, Byrd-Craven, Nugent, & Numtee, 2007). 

Although both children and adults are able to perform these simple problems with ease, research 

indicates that children, as well as adults, utilize multiple strategies when solving simple 

arithmetic problems. In children, strategy selection can differ depending on their level of 

academic achievement. For example, Geary and Brown (1991) found that gifted children use a 

higher proportion of retrieval strategies as compared to their normally developing and math 

disabled peers. Furthermore, research has shown that in addition to using retrieval more 

frequently, students who are more skilled and highly practiced at math execute these strategies 

more efficiently than those who are less skilled and practiced (Imbo, Vandierndonck, & Rosseel, 

2007).  

Many individual difference variables have been shown to relate to strategy selection and 

strategy efficiency. It has been well documented that math anxiety can negatively impact 

mathematic performance (Hembree, 1990; Ashcraft, 2002). It is believed that worrisome 

thoughts associated with math anxiety create a load on working memory resources. This then 

negatively impacts performance on complex math tasks (Ashcraft & Kirk, 2001). Therefore, it is 

not surprising that Imbo and Vandierendonck (2007) find that high-anxious adults display slower 

strategy efficiency times across problem solving strategies. Additionally, they find that high-

anxious adults utilize memory-based strategies less often as compared to their low-anxious peers. 
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Previous research suggests that finger gnosis is related to both children and adults’ 

calculation fluency. Here, we propose that this relation may exist because finger gnosis predicts 

an individual’s use of memory-based strategies, which are often associated with stronger 

calculation fluency.   

Current Study 

 
Research Goal 1: Examine the relation between finger gnosis and mathematical ability, in an 

adult population, controlling for general cognitive ability. 

Research Goal 1a: Replicate Penner-Wilger et al. (2014) by examining the relation between 

finger gnosis and calculation fluency in an adult population. 

Research Goal 1b: Extend Penner-Wilger et al., (2014) by examining the relation between finger 

gnosis and more distal mathematical outcomes, SAT math scores. 

In this study, we wish to replicate and extend the finding that finger gnosis is a predictor 

of mathematic ability in adults. To replicate these findings, we will assess this relation utilizing a 

simple math task that assesses calculation fluency. We will also include measures of general 

cognitive ability by assessing verbal and spatial working memory. This enables us to examine 

relation between finger gnosis and calculation fluency while accounting for general cognitive 

ability. We will extend these findings by assessing if finger gnosis predicts performance on more 

complex tests of mathematical ability, the SAT and ACT mathematic tests, again while 

accounting for general cognitive ability.  

Research Goal 2: Examine the relation between finger gnosis and symbolic and non-symbolic 

numerical magnitude estimation.  

Research Goal 2a: Examine the relation between finger gnosis related and number line task 

performance (symbolic)? 
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Research Goal 2b: Examine the relations between finger gnosis and performance on the dots 

task (non-symbolic)? 

Researchers believe that these finger-based representations help children link non-

symbolic number representations with symbolic number representations. If this is true, we expect 

to see a positive relationship between finger gnosis and a symbolic numerical magnitude task. 

Research Goal 3: Examine memory score as a mediator of the relation between finger gnosis 

and calculation fluency. 

Additionally, if we find a relation between finger gnosis and calculation fluency, we 

hypothesize that this relation will be mediated by the strategies utilized to solve simple 

calculation problems. Specifically, we hypothesize that finger gnosis scores will be positively 

related to the frequency of memory-based solution strategies used and that this, in turn, will 

relate to calculation fluency.  
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CHAPTER 2 

METHODS 

 

Participants 

 
 A total of 169 participants (29.6% male; age ((18-24) were recruited from the Psychology 

Participant Pool at Florida State University.  

Materials and Procedure 
 

Each participant was tested individually. After receiving informed consent from the 

participant, the experimenter adminstered the finger gnosis task, the measure of calculation 

fluency, the addition strategy measure, and the working memory measures (as a covariate).  

Finger Gnosis. Researchers utilized the finger gnosis measure created by Penner-Wilger 

et al. (2009). Participants were asked to place their hand on top of a handprint. Their hand was 

then covered with a box. Next, the experimenter simultaneously touched two fingers below the 

first knuckle and just above the fingernail. Participants indicated which two fingers were touched 

by pointing to the fingers on a handprint located on the top of the box that is covering their hand. 

Participants completed 10 trials on each hand, for a total of 20 trials. Each trial was worth a total 

of 2 points, 1 point for correctly identifying each finger that was simultaneously touched. 

Specifically, one point was awarded for each correct identification of a touched finger in each 

trial with a total of 20 point for each hand, or a maximum combined score of 40.  

Calculation Fluency.  The subtraction-multiplication and addition subtests of the Kit of 

Factor-Referenced Cognitive Tests (Ekstron, French, & Prince, 1963) were utilized to assess 

participants’ calculation fluency. Each subtest consists of two-pages of arithmetic problems that 

the participant must solve using pencil and paper with a two-minute time limit per page. They 

were instructed to complete the problems as quickly and as accurately as possible. A calculation 
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fluency score was created for each subtest, as well as, an overall score that was measured by the 

total number of correct solutions across both subtests.  

Addition Strategy Assessment. The method used to assess addition strategies was 

modeled off of the method utilized by Geary et al. (2007). Participants were presented with 

fourteen simple and six moderate addition problems. Simple addition problems consisted of a 

single-digit addend added to another single-digit addend. For the moderate items, participants 

added a single-digit addend to a double-digit addend. (See Table 1 for examples). 

 

Table 1. Addition Problem Examples 

Simple Moderate 

3 + 6 (9) 16 + 7 (23) 

8 + 4 (12) 9 + 5 (24) 

 

 

 Participants were asked to complete the problems quickly with little error. They were 

instructed to utilize whatever solution strategy they wanted to solve the problems. The only 

restriction was that they were unable to use pencil and paper. First, they completed the simple 

problems, followed by the moderate items.  

The participants spoke their answer aloud for each problem. The time from presentation 

of the problem on the computer until the participant verbally spoke their answer was recorded as 

the reaction time (RT). This was utilized as the measure of calculation fluency. After the 

participant gave their answer, the experimenter asked them to explain how they got their answer.  
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 Following the recording of the participants’ responses, their responses were coded and 

classified for each trial based on the most common problem-solving strategies. For simple and 

moderate problems, solution strategies were categorized as one of the following: counting  

fingers, verbal counting, count by #, retrieval, decomposition, and multiply (see Table 2 for 

examples). 

 

Table 2. Simple & Moderate Addition Strategies 

Addition strategy Definition 

Counting Fingers Counting on fingers to get the answer 

(could use minimum (e.g. 2 +3; count up 

from 3 - 4, 5), maximum (e.g. 2 +3; count 

up from 2 - 3, 4, 5), or sum strategy (e.g. 2 

+3; count up from 0 - 1, 2, 3, 4, 5)) 

 

Verbal Counting Counting out loud or in head to get answer 

(Again, could use min, max, or sum) 

 

Count by # Answering as if its from a multiplication 

table (e.g.8 +2, the answer is a multiple of 

2s) 

 

Retrieval  Answer is retrieved from long-term 

memory 

 

Decomposition A step-wise process (e.g. 7 + 5 = 7 + 3 = 

10, 10 + 2 = 12) 

 

Multiply Solution is described as multiplication (e.g. 

6 + 6 is “6 is times 2 which equals 12”) 
 

Memory Score Using either retrieval or decomposition 

Other/Multiple Multiple strategies are utilized 
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Additionally, a variable called memory score was created by calculating the number of times 

participants successfully utilized either decomposition or retrieval to solve a problem (Geary et 

al., 2007).  If participants utilized more than strategy or their strategy did not fit into one of the 

preexisting categories, it was coded as other.  

Dots Task. The Dots task (panamath.org) was utilized to assess participants’ non-

symbolic numerical magnitude. This task was administered on the computer. The participants 

were shown a series of dot arrays containing both blue and yellow dots of varying sizes and 

quantities. For each trial, pressing the space bar results in a blank screen delay of 250ms 

followed by the stimulus dots array for 200ms. The participants then had an unlimited amount of 

time to decide which color had more dots. To score participant performance, a Weber fraction 

(w) was calculated.  The w score represents the degree of imprecision around the response to a 

given numerosity comparison (e.g., 3 yellow dots versus 4 blue dots), and therefore smaller 

scores represent superior approximate number system capabilities. 

Number Line. The Number line task was utilized to assess participants’ symbolic 

numerical magnitude. Researchers used a computerized version of the Number Line task, which 

is based on a task used by Siegler and Opfer (2003). Participants saw a number displayed on a 

computer above a 0-1000 number line. The participant will estimate where on the line that 

number belongs.  

 

Calculation of Absolute Error |𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 − 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦| 
Figure 1. Absolute error calculated by taking the absolute value between the participants’ 
response and the number requested.   
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Absolute error is calculated by taking the absolute value of the difference between the 

participant’s answer and the number requested (see figure 1), and a mean difference score across 

items will also be calculated.  

Working Memory. Using a computer, participants completed two working memory 

tasks from the Automated Working Memory Assessment: a visuospatial measure (spatial recall 

task) and a verbal measure (backwards digit task).  

Visuospatial Working Memory. Participants will complete the spatial recall task from the 

Automated Working Memory Assessment (AWMA; Alloway, Gathercole, & Pickering, 2006) in 

order to evaluate their visuospatial working memory. In each trial, participants will view two 

shapes next to each other. Participants must then determine whether the shape on the right was 

identical to, or a mirror image of, the shape on the left. Furthermore, the shape on the right was 

rotated relative to the shape on the left by 0, 120, or 240 degrees, as indicated by a red dot. Next, 

the participant must recall the rotation point of the figure on the right, by pointing to one of three 

fixation points. The task consists of seven blocks. In each block, an additional pair of shapes will 

be added. For example, in block three participants will make three same-opposite judgments, 

before they recall the rotation points of the three shapes on the right. Therefore, this task 

measures participants’ ability to hold location of the rotated shape on the right in their mind, 

while making same-opposite judgments about the shapes.  Participants complete one trial for 1, 

2, and 3 shape-pairs, unless they are struggling or incorrectly identify the location of the rotated 

shapes. Participants will complete up to seven trials for 4, 5, 6, and 7 shape-pairs. The outcome 

measure of this task will be participants recall scores, which are based on their correct recall of 

the rotated shapes location.   
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Verbal Working Memory. Participants will complete the backwards digit task from the 

Automated Working Memory Assessment (AWMA; Alloway, et al., 2006) in order to evaluate 

their verbal working memory. In each trial, participants will hear a list of numbers (minimum of 

2; maximum of 8). They are instructed to repeat the numbers back to the experimenter in reverse 

order. The experiment consists of eight blocks. In each successive block, an additional number 

will be added to list that the participants have to recall. For example, in block three, participants 

needed to recall four numbers back to the experimenter in reverse order. Identical to the 

visuospatial working memory task, participants will complete one trial for blocks1, 2, and 3, 

unless they are struggling with the task. Participants will complete up to seven trials for blocks 4, 

5, 6, and 7. The recall scores, calculated by the number of times the participant correctly recalled 

the numbers in reverse, will serve as the outcome measure.  

 

 

 

 

 

 

 

 

 

 

 



15 

CHAPTER 3 

RESULTS 

Strategy Coding  

 Trained research assistants coded strategies. Approximately 30% of participant data was 

double coded. Inter-rater reliability is .91.  

Descriptive Statistics 

 

Table 3. Descriptive Statistics 

 Min Max Mean St. Dev. Skew Kurtosis 

Finger Gnosis 10 40 36.7 2.6 -1.1 1.4 

Calc Flu (Add) 8 45 25.8 7.6 .10 -.63 

Calc Flu (M/S) 15 62 36.9 11.5 .12 -.59 

Calc Flu (Total) 26 100 62.5 16.9 .18 -.57 

SAT Math 400 760 592 77.8 -.28 -.15 

Memory Score 0 20 13.2 6.2 -.70 -.68 

Verbal WM 72 137 106.1 16.9 .16 -.74 

Number Line 13.1 69.5 36.7 13.1 .65 .06 

Dots Task .04 .34 .17 .05 .71 1.1 

 

 

 In order to examine the data for univariate outliers, we examined values outside of the 

median plus or minus 2 interquartile ranges (Beaumont & Rivest, 2009) as well as examining 

histograms of the data. In doing this, five participants’ data from the number line estimation task 
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were brought to the upper criterion used in the operational definition for establishing outliers. 

Descriptive statistics for finger gnosis and all other key variables can be found in Table 3.  

Correlations 

Pearson’s bivariate correlations were calculated to determine the relations between finger 

gnosis and key variables. Correlations are displayed in Table 4. Finger gnosis was significantly 

correlated with gender, calculation fluency (combined and subtraction/multiplication), memory 

score, both measures of working memory, and performance on the number line estimation task. 

Finger gnosis was not related to the addition subtest of calculation fluency, SAT math, or the 

dots task.  

Relations between Finger Gnosis and Math Abilities  

Three multiple regression analyses were performed to determine if finger gnosis 

significantly predicted calculation fluency while controlling for gender and working memory, as 

these are related to finger gnosis and math. For the addition subtest of the calculation fluency 

measure, predictors were entered in a single step. As displayed in Table 5, the predictors 

accounted for 14.1% of the variability in the addition subtest of calculation fluency, which was 

statistically significant, F(4,110) = 4.53, p =.002  Results indicate that finger gnosis (β = 0.22, p 

= .02), gender (β = 0.29, p = .002), and verbal working memory (β = -0.19, p = .04) were 

significant predictors of calculation fluency, but spatial working memory was not (β = -0.01, p = 

.91).  

For the subtraction/multiplication subtest of the calculation fluency measure, predictors 

were entered in a single step. As displayed in Table 5, the predictors accounted for a 

nonsignificant 6.5% of the variability in memory score, F(4,110) = 1.97, p =.10. Finger gnosis (β  
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Table 4. Correlations  

 1 2 3 4 5 6 7 8 9 10 11 

1. Finger Gnosis 1           

2. Gender (F = 1) -.23** 1          

3. Calc Flu (Add) .12 .27** 1         

4. Calc Flu (M/S) .23* .01 .57*** 1        

5. Calc Flu (Total) .20* .12 .84*** .92*** 1       

6. SAT math .14 -.25** -.06 -.00 -.03 1      

7. Memory Score  .18* -.17* -.13 -.05 -.11 -.21* 1     

8. Verbal WM .24** -.09 -.18* -.05 -.14 .08 .12 1    

9. Spatial WM .31*** -.14 -.05 .08 .04 .22** .10 .33*** 1   

10. Number Line  -.18* .08 -.09 -.13 -.11 -.23** -.15 -.05 -.13 1  

11. Dots Test -.14 -.03 -.09 -.04 -.08 -.19* -.05 -.08 -.28*** .25** 1 

 

Note. *p < .05. **p < .01. ***p <.001.   
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= 0.24, p =.02) was the only significant predictor of subtraction/multiplication 

calculation fluency.  

For the total calculation fluency measure, predictors were entered in a single step. 

As displayed in Table 5, the predictors accounted for 9.3% of the variability in memory 

score, which was statistically significant, F(4,110) = 2.82, p =.03. Again, finger gnosis 

was a significant predictor of calculation fluency, however no other predictors 

significantly predicted the variance. 

A multiple regression was utilized to investigate the relation between finger 

gnosis and SAT math score. To examine finger gnosis and SAT math score, predictors 

were entered in a single step. As displayed in Table 6, the predictors accounted for 12.6% 

of the variability in SAT math score, which was statistically significant, F(4,114) =, p 

=.004. Results indicate that finger gnosis (β = -.02, p = .79) was not a significant 

predictor of SAT math score. However, both gender (β = -.25, p = .008) and spatial 

working memory (β = .24, p = .01) were significant predictors of SAT math score.  

 Relations between Figure Gnosis and Numerical Magnitude Estimation 

Two multiple linear regression analyses were conducted to investigate the relation 

between finger gnosis and symbolic and non-symbolic numerical magnitude, while 

accounting for general cognitive ability and gender. To examine finger gnosis and non-

symbolic numerical magnitude, using the dots task, predictors were entered in a single 

step. As displayed in Table 7, the predictors accounted for 9.5% of the variability in 

memory score, which was statistically significant, F(4,154) =, p =.004. Results indicate 

that finger gnosis (β = -.055, p = .51) was not a significant predictor of non-symbolic  
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Table 5. Regression Analyses for Research Goal 1a 

Calculation Fluency 

 Addition Multiplication/Subtraction Total 

Variables B SE sr2 Sig. B SE sr2 Sig. B SE sr2 Sig. 

Constant 6.21 10.96  .57 -2.29 17.34  .89 8.9 25.13  .72 

Finger Gnosis .70 .30 .04 .02 1.14 .47 .05 .02 1.7 .68 .07 .01 

Gender 4.67 1.47 .07 .00 .95 2.32 .00 .68 5.1 3.38 .02 .13 

Verbal WM -.08 .04 .03 .04 -.08 .06 .01 .24 -.18 .09 .02 .06 

Spatial WM -.00 .04 .00 .91 .04 .07 .00 .56 .05 .10 .00 .64 

R2 .141    .065    .09    

Note. Interaction terms were not included because none reached significance
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numerical magnitude. The only predictor that was a significant predictor was spatial 

working memory (β = -.300, p = .001). 

 

Table 6. Regression Analyses for Research Goal 1b 

SAT Math 

Variable B SE sr2 Sig. 

Constant 503.64 108.12  .00 

Finger Gnosis .74 2.81 .00 .79 

Gender -41.54 15.35 .06 .00 

Verbal WM -.23 .45 .00 .61 

Spatial WM 1.07 .44 .05 .01 

R2 .126    

 

To investigate the relation between finger gnosis and symbolic numerical magnitude, 

using a number line estimation task, predictors were entered in a single step. As displayed in 

Table 7, the predictors accounted for 7.7% of the variability in memory score, which was not 

statistically significant, F(4,155) =, p = .01. Unlike with non-symbolic numerical magnitude, 

finger gnosis (β = -.191, p=.02) was the only significant predictor of symbolic numerical 

magnitude. Additional predictors did not explain any additional variance. 

 

Table 7. Regression Analyses for Research Goals 2a and 2b 

Number Magnitude Estimation 

  Dots Task 

 

Number Line Estimation 

Variable B SE sr2 Sig. B SE sr2 Sig 

Constant .30 .06  .00 85.7 15.6  .00 

Finger Gnosis -.00 .00 .00 .51 -.96 .42 .03 .02 

Gender -.01 .01 .00 .36 .18 2.29 .00 .94 

Verbal WM .00 .00 .00 .68 -.02 .06 .00 .71 

Spatial WM -.00 .00 .07 .00 -.10 .07 .01 .12 

R2 .095    .077    
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Addition Strategies as a Mediator of the Relation between Finger Gnosis and Calculation 

Fluency 

 
 Three regression analyses were conducted to examine mediation: (a) a regression 

predicting calculation fluency from finger gnosis, (b) a regression predicting memory score use 

from finger gnosis, and (c) a regression predicting calculation fluency from memory score use 

and finger gnosis. Analyses were conducted using PROCESS syntax (Hayes, Preachers, & 

Myers, 2011) in SPSS. This syntax runs the regression analyses and provides bias-corrected 

bootstrap confidence intervals for the mediated effect.  

  

Proposed Mediation Model 

 

 

 

 
 

 

 

 

 

 

Figure 2. Proposed model for the mediation analysis. 

 

Results indicate that finger gnosis was a significant predictor of memory score (b = 0.55, sb = 

0.26, p = .03), as well as, a significant predictor of calculation fluency (b = 2.09, sb = 0.71, p = 

.004). The regression analysis predicting calculation fluency from both finger gnosis and 

memory score use showed that finger gnosis was a significant predictor of calculation fluency (b 
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= 2.27, sb = 0.72, p = .002) but memory score was not a significant predictor of calculation 

fluency (b = -0.32, sb = 0.26, p = .22). In this model, memory score did not mediate the relation 

between finger gnosis and calculation fluency while controlling for gender, spatial working 

memory, and verbal working memory. The point estimate for the indirect effect was -.18. 95% 

CI [-0.68, 0.02]. 

 

Mediation Model 

 

 

 

 

 

 

 

 

 

Figure 3. Memory score as a mediator of the relation between finger gnosis and calculation 

fluency with gender, verbal working memory, and spatial working memory as covariates.  

*p < .05. **p < .01.  
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CHAPTER 4 

DISCUSSION 

 This study aimed to investigate the relation between finger gnosis and various 

mathematical outcomes. To replicate and extend the finding that finger gnosis is a predictor of 

mathematic ability in young adults, I examined its relation with both calculation fluency and 

SAT math. Further, by using a number line estimation task and the dots task, I investigated the 

relation between finger gnosis and measures of both symbolic and non-symbolic numerical 

magnitude. Lastly, I examined whether memory score mediated the relation between finger 

gnosis and calculation fluency. 

Relations between Finger Gnosis and Math Abilities  

We found that finger gnosis was related to calculation fluency, replicating the Penner-

Wilger et al. (2014) finding. Other than the Penner-Wilger at al. (2014) study, this is the only 

study to investigate the relation between finger gnosis and math in adults. We were able to 

replicate findings using a larger sample size and additional covariates including gender and 

working memory, which had not been previously investigated. However, although Penner-

Wilger and colleagues (2014) find that finger gnosis and subitizing jointly explain 33% of the 

variance in calculation fluency, we found that finger gnosis only explained 4-7% of the variance 

in calculation fluency. Additionally, we examined the relation between finger gnosis and 

calculation fluency across subtests (addition, subtraction/multiplication, and combined). 

Although we do find that the relation is consistent across all groups, the relation between finger 

gnosis and the subtraction/multiplication subtest (sr2 = .05) was stronger than the addition subtest 

(sr2 = .04). However, the relation between finger gnosis and the combined test was the strongest 

(sr2 = .07). While these findings suggest an enduring relation between finger gnosis and 
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calculation skills in adults, it suggests the relation may not as robust as previous research 

suggests (Penner-Wilger et al., 2014). These results are in line with Wasner, Nuerk, Martignon, 

Roesch, & Moeller (2016) who find that finger gnosis predicts a unique but small amount of 

variance in mathematical ability in children.   

Additionally, we find no evidence to suggest a relation between finger gnosis and SAT 

performance. This is not surprising, given that SAT mathematics test requires mathematical 

skills that differ from those required for basic tasks of mathematical fluency. The calculation 

fluency tasks require simple, single procedure calculations, whereas, SAT math problems require 

more complex, multi-step procedures, which require knowledge of rules and formulas. These 

problems require a high level of problem solving skills, typically requiring high working 

memory capacity. Therefore, although I are able to replicate previous findings and show a 

relation between finger gnosis and calculation fluency, I find no relation between finger gnosis 

and SAT math score, a more complex measure of mathematical ability.  

Relations between Figure Gnosis and Numerical Magnitude Estimation 

 We also examined the relation between finger gnosis and numerical magnitude 

estimation, both symbolic and non-symbolic. Previous researchers have examined the relation 

between finger gnosis and symbolic measures of numerical magnitude, specifically a number 

line estimation task (Penner-Wilger, et al., 2009), whereas, others have included number line 

estimation as a covariate (Wasner et al., 2016). However, these studies investigated the relation 

with children and not adults. To my knowledge, this is the first study to investigate finger gnosis 

and symbolic magnitude with adults specifically, and non-symbolic numerical magnitude 

estimation in any population. Our results support the Penner-Wilger et al. (2009) findings in that 

finger gnosis was related to the distance effect, suggesting that higher finger gnosis performance 
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is related to reduction in the distance effect. This supports the suggestion that fingers help to 

connect non-symbolic number representations with symbolic representations (Fayol & Seron, 

2005). This reflects a stronger ability to map numbers and their magnitudes in a linear manner. 

 Although finger gnosis was related to symbolic numerical magnitude estimation, it was 

not related to non-symbolic numerical magnitude estimation as measured by the dots task. Non-

symbolic numerical magnitude was also unrelated to mathematical performance as measured by 

calculation fluency (r = -0.08). This is supported by previous research findings in that non-

symbolic numerical magnitude does not reliably relate to mathematical outcomes (DeSmedt & 

Gilmore, 2011; Rousselle & Noël, 2007). To my knowledge this is first study to investigate the 

relation between finger gnosis and non-symbolic numerical magnitude and I find no relation 

between the two measures. 

Addition Strategies as a Mediator of the Relation between Finger Gnosis and Calculation 

Fluency 

 
 I examined the potential role of memory score as a mediator of the relation between 

finger gnosis and calculation fluency. Here, I did not find support of memory score as a mediator 

between the relation between finger gnosis and calculation fluency. Although the mediation was 

not supported, there is evidence to suggest that finger gnosis is a significant predictor of memory 

score. This suggests that higher finger gnosis score is positively related to increased use of more 

effective memory score. However, the relation between memory score and calculation fluency 

was not statistically significant, suggesting that although it is related to finger gnosis it does not 

help to explain the relation between finger gnosis and calculation fluency. Finger gnosis is 

related to stronger mathematical outcomes (Noël, 2005; Penner-Wilger et al., 2007; Wasner et 

al., 2016) therefore it makes sense that it is related to more effective strategy solutions as indexed 

by memory score. 
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Limitations and Future Directions 

 It is important to note that the design of this study was correlational. Therefore, we are 

unable to make claims about the causal relations that these variables may share. Future research 

should be directed toward developing ways to experimentally manipulate the variables that will 

enable researchers to investigate the potential causal relationship between finger gnosis, strategy 

selection, and mathematics performance. Preliminary research investigating a causal link 

between finger training and mathematical performance has been conducted (Gracia-Bafalluy & 

Noël, 2008). However this study has received some criticism (see Fischer, 2010). Therefore, 

more work needs to be completed to investigate the causal nature of this relation.  

 Further, although this relation has been studied in children and in adults, no long-term 

longitudinal study has been conducted. Future research should direct efforts toward completing a 

longitudinal study to see how this relation progresses across development. Ideally, a study would 

follow children from kindergarten through fifth grade to allow researchers to examine children a 

few years following second grade, the time where most typically developing children abandon 

finger counting (Jordan et al., 2008; Krinzinger et al., 2009). This would enable researchers to 

better understand the nature of this relation across development.  

 Additionally, it is important to note, that although we examined multiple measures of 

mathematical performance (fluency, standardized test performance, magnitude estimation), we 

did not assess all types of mathematical performance. Some may be more or less related to finger 

gnosis. Further, we selected two measures of numerical magnitude estimation, one symbolic and 

one non-symbolic. Although symbolic numerical magnitude task have consistently related to 

mathematical performance (Schneider, Beeres, Coban, Merz, Schmidt, Stricker, & DeSmedt, 

2016), non-symbolic numerical magnitude tasks are less consistently related to mathematical 
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performance (Price, Palmer, Batista, & Ansari, 2012). Future studies should focus on examining 

the relations between finger gnosis and varying tasks of mathematical performance, as well as, 

various tasks measuring non-symbolic numerical magnitude.  

Conclusion 

In conclusion, our results indicate that although finger gnosis has a small but meaningful 

relation with calculation fluency (Wasner et al., 2016), it is not related to more distal measures of 

math performance (e.g. SAT math). This suggests it is most important for early numeracy skills, 

however, the persistence of relation into adulthood shows that the relation is not only important 

during early development. This is supported by other studies as well (Imbo, et al., 2011; Penner-

Wilger et al. 2014). Further I found that finger gnosis is related to symbolic numerical magnitude 

estimation but not non-symbolic numerical magnitude estimation. Finally, the mediation model 

showed that although finger gnosis was related to both calculation fluency and usage of memory-

based strategies, usage of memory-based strategies did not mediate the relation between finger 

gnosis and calculation fluency.  

Moving forward, it is important that we attempt to better understand whether a causal 

relationship exists between finger gnosis and numerical competencies. Most previous studies 

have examined the relationship with basic numerical competencies like calculation fluency. 

Future studies should investigate differing types of mathematical skills. Better understanding the 

types of mathematical skills related to finger gnosis, will inform researchers on situations where 

use of fingers is most beneficial to students learning.   
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APPENDIX A 

 

IRB APPROVAL LETTER 

 

 
 

  
The Florida State University 

Office of the Vice President For Research 

Human Subjects Committee 

Tallahassee, Florida 32306-2742 

(850) 644-8673, FAX (850) 644-4392 

 

RE-APPROVAL MEMORANDUM 

 

Date: 11/10/2016 

 

To: Amanda Kowalsky [ak13z@my.fsu.edu]  

 

Address: 2521 Golden Park Lane Tallahassee, FL 32303 

Dept.: PSYCHOLOGY DEPARTMENT 

 

From: Thomas L. Jacobson, Chair 

 

Re: Re-approval of Use of Human subjects in Research 

Power Postures and Math Performance  

 

Your request to continue the research project listed above involving human subjects has been approved by 

the Human Subjects Committee. If your project has not been completed by 11/8/2017, you must request 

renewed approval by the Committee. 

 

If you submitted a proposed consent form with your renewal request, the approved stamped consent form is 

attached to this re-approval notice. Only the stamped version of the consent form may be used in recruiting 

of research subjects. You are reminded that any change in protocol for this project must be reviewed and 

approved by the Committee prior to implementation of the proposed change in the protocol. A protocol 

change/amendment form is required to be submitted for approval by the Committee. In addition, federal 

regulations require that the Principal Investigator promptly report in writing, any unanticipated problems or 

adverse events involving risks to research subjects or others. 

 

By copy of this memorandum, the Chair of your department and/or your major professor are reminded of 

their responsibility for being informed concerning research projects involving human subjects in their 

department. They are advised to review the protocols as often as necessary to insure that the project is 

being conducted in compliance with our institution and with DHHS regulations. 

 

Cc: [] 

HSC No. 2016.19414 
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APPENDIX B 

 

INFORMED CONSENT DOCUMENT 

 

 

 
Background+Information

 

 
Procedure
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Your	identity	and	confidentiality	will	be	maintained	to	the	extent	of	the	law.	

No	individual	results	will	be	reported	in	any	presentations	or	publications	

that	come	from	this	work.	Only	group	information	will	be	reported.		Your	

data	will	be	stored	in	a	locked	file	cabinet	or	on	a	password-protected	

computer	in	the	researcher’s	lab	space	for	10	years.	
 

If	you	have	questions	about	your	participation	in	the	study,	please	contact	

me	at	(Kowalsky@psy.fsu.edu),	or	my	faculty	advisor,	(Mike	Kaschak,	

Kaschak@psy.fsu.edu).	Group	results	will	be	sent	to	you	upon	your	request.	If	

you	have	questions	about	your	rights	as	a	participant	in	this	research	or	feel	

that	you	have	been	placed	at	risk	you	may	contact	the	Chair	of	the	Human	

Subjects	Committee,	Institutional	Review	Board,	through	the	office	of	the	

Vice	President	for	research,	at	(850)644-8633	or	humansubjects@fsu.edu.	

 
Statement	of	Consent	

 
I	have	read	the	above	information.	I	have	had	the	opportunity	to	ask	any	

questions	that	I	may	have	and	have	received	answers	to	my	satisfaction.	

Please	indicate	whether	you	consent	to	participate	in	the	study,	by	checking	

one	of	the	options	below.	
 

                  I consent to complete the assessments and for the researcher to obtain my 

SAT/ACT scores. 
 

 
 

                  I consent to complete the assessments but not for the researcher to obtain my 

SAT/ACT scores. 
 
 
 
 

 
Participant	blackboard	login	ID	

 
 
 
 
 
 
 

Participant	Signature																																																						(Date)	
 

 
 
 
 
 

Participant	Printed	Name	
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