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Abstract 

 

Students start to memorize arithmetic facts from early elementary school mathematics activities. 

Their fluency or lack of fluency with these facts could affect their efforts as they carry out mental 

calculations as adults. This study investigated participants’ levels of brain activation and possible 

reasons for these levels as they solved arithmetic exercises mentally. It used Optical Topography 

- an imaging technique that measures brain changes in blood flow using near-infrared light. 

Twelve undergraduate and graduate students participated in scanning sessions and follow-up 

interviews. Different levels of brain activity were found during tasks: low, moderate and high. 

Answers during interviews indicated that differences in brain activation were related to students’ 

effectiveness in solving exercises and prior experiences with memorization of facts. These 

findings indicate that especial attention should be placed on how facts are memorized, which 

could have effects on how efficiently adult students’ brains work when solving mental 

computation exercises. 
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Introduction 

 

In elementary school grades, children spend time becoming proficient and fluent in arithmetic. 

The effectiveness of these experiences could have positive or negative effects on their 

proficiency and fluency with arithmetic as adults. Students’ mastery of these number facts is not 

disputed in current reform documents (e.g., National Council of Teachers of Mathematics, 2000; 

National Research Council. 2001); however, in the past decades, the learning and teaching of 

these facts have moved from memorization through drill-and-practice until “automatization” is 

accomplished, to more current approaches putting great emphasis on the gradual development of 

operation concepts and memorization of facts, including the use of students’ invented and 

informal strategies (Verschaffel, Greer, & De Corte, 2007). Students’ mastery or lack of mastery 

of these facts would have an effect on the type of brain activity or effort required to solve these 

facts, and other computational exercises mentally with speed and accuracy. After going through 

years of memorization of facts in one way or another, it would help to know how efficiently adult 

human brains perform when solving basic mental arithmetic exercises (Laughbaum, 2011). 

 

A central issue in cognitive neuroscience involves the study of how the human brain encodes and 

manipulates information. One important component related to this issue is mental calculation, 

which involves logical thought and higher order cognition, and provides a good model to 

investigate fundamental cognitive processes (Ashcraft, 1992). 

 

Purpose of the Study 

 

This study involves the use of Optical Topography (OT), also known as functional Near-Infrared 

Spectroscopy (fNIRS) imaging (see Hitachi, 2004; Ferrari & Quaresima, 2012), to measure 

changes in the relative concentration of hemoglobin in the cerebral cortex as individuals retrieve 

answers to arithmetic exercises from memory; involving all four operations: addition, 

subtraction, multiplication and division; and a one- or two-digit addend or factor added to or 
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multiplied by another one-digit number (basic facts such as 4 + 9, 9 – 6, 6 • 7, and 18 ÷ 6; and 

computation exercises such as 45 + 8, 32 – 9, 42 • 7, and 36 ÷ 9). The research questions for this 

study were the following: 

1. As measured by the OT system, were the specific areas of the brain (frontal lobe area 

in this study) activated when participants solve arithmetic exercises from memory 

similar to the ones already identified in previous research?  

2. As measured by the OT system, were there different levels of brain activation (low, 

moderate or high) in the frontal lobe area when participants solved arithmetic 

exercises from memory? 

3. Were the different levels (low, moderate or high) of brain activation (in the frontal 

lobe area) related to participants’ effectiveness in solving the mental exercises, and 

prior experiences with memorization of arithmetic facts (as presented by participants 

in exit interviews after scanning sessions)? 

 

Background Information 

 

This section provides some support background for the study.  It includes sections regarding the 

information-processing model, which includes information about the short-term memory, long 

term-memory, schemas, automation, hippocampal region, and amygdala; executing mental 

calculations; and functional neuroimaging studies and mental calculations. 

 

Information processing model 

 

The information-processing model provides a way to analyze how the human brain handles 

information. For information to be firmly implanted in memory, it must pass through three stages 

of mental processing:  sensory memory, short-term memory and long-term memory.  As part of 

this process, the sensory register (involving the five senses) is able to handle simultaneous 

processing, and has great capacity. Its behavioral response is very short (1–3 seconds) (Sternberg 

& Sternberg, 2012).  

 

The short-term memory is a complex cognitive system involved in the storage and concurrent 

processing of information for a short period of time (Witt, 2010).  A multicomponent model of 

working memory used to examine mathematics ability is the one proposed by Baddeley and 

Hitch (1974; see Baddeley, 1986, 1990, 2000 for revisions).  It consists of three components – a 

central executive and two “slave” components: phonological loop and visuo-spatial sketchpad.  
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The central executive is the main component in this model and is assumed to decide what needs 

attention and how to respond to it (Baddeley, 1986); see also Baddeley & Logie, 1999).  

Baddeley (2000) proposed a revised version of the original model, and added a fourth episodic 

buffer component. It is capable of taking information and putting it into long-term memory, and 

take information from the phonological loop and visuo-spatial sketchpad, combining them with 

long-term memory to make a unitary episodic representation. Furthermore, Gathercole, 

Pickering, Ambridge, and Wearing (2004) found that the three-component structure of working 

memory is present from as early as 6 years of age, which suggests that the structure is well 

established in the 9- to 11-year-old children. 

 

Obviously, the short-term memory is very important in the learning process, but there is little 

consensus regarding its precise role in adults’ mathematical processing (DeStefano & LeFevre, 

2004), and the consensus is likely more difficult for children whose short-term memory is still 

developing (Witt, 2010). There is research evidence of several short-term processes related to 

mathematical processing:  inhibitory processes (Passolunghi & Sigel, 2004), updating 

(Passolunghi & Pazzaglia, 2004), phonological loop and visuo-spatial sketchpad (McKenzie, 

Bull & Gray, 2003; Ramirez, Arenas, & Henao, 2005), central executive and visuo-spatial 

sketchpad (D’Amico & Guarnera, 2005), and visuo-spatial working memory (Reuhkala, 2001). 

Also, Anderson (2008) found that working memory, in general, and the central executive, 

contribute to children’s arithmetical skills, and “[t]he contribution of the phonological loop and 

the central executive (concurrent processing and storage of numerical information) indicates that 

children aged 9–10 years primarily utilize verbal coding strategies during written arithmetical 

performance” (p. 181). 

 

Long-term memory has potentially large capacity, and effectively limitless and indefinite 

duration. Sometimes it might be difficult to access, but encompasses everything learned until a 

given point in time. A person might have forgotten something or feel as if the information is on 

the tip of his the tongue, but with some effort the information could be recalled (Sternberg & 

Sternberg, 2012). Problem solving research has provided evidence of the size of long-term 

memory. DeGroot (1965) and Chase and Simon (1974) found that chess expertise and high level 

of skill derived largely from memorizing a huge number of board configurations, and knowing 

the best move for each configuration. Similar results have been obtained in a variety of areas, 

which provides solid evidence for its large capacity (Leung, Low, & Sweller, 1997).  
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Information is stored in long-term memory as schemas (Bartlett, 1932), and schema acquisition 

is a primary learning mechanism. “A schema is defined as a cognitive construct that categorizes 

information according to the manner in which it will be used” (Leung, Low, & Sweller, 1997, p. 

37). An individual has schemas for common objects that allow him/her to recognize a variety of 

objects such as a pen, or a variety of trees as a tree despite the fact that no two trees are alike; 

read an infinite variety of handwriting styles; solve a huge number of mathematical problems 

with sufficient expertise; and bypass our limited working memory by incorporating a large 

number of elements that otherwise would need to be processed by the working memory (Leung, 

Low, & Sweller, 1997).   

 

Automation is another learning mechanism relevant to long-term memory.  Researchers have 

indicated that all information can be processed either under conscious control or automatically 

(Shiffrin & Schneider, 1977; Schneider & Shiffrin, 1977; Kotovsky, Hayes, & Simon, 1985). 

“Thus, for example, we may acquire a schema that permits us to recognize a particular entity 

such as a written word or a problem state but initially, recognition may be slow and laborious, 

occurring only with conscious effort. With time and considerable practice, less conscious effort 

may be required to recognize a schema and eventually, recognition may occur immediately and 

with no conscious effort at all” (Leung, Low, & Sweller, 1997, p. 39).  Leung, Low, and Sweller 

noted that in one sense, automation has exactly the same function as schema acquisition because 

it permits information to be processed with minimal demands on the working memory.  They 

added that “conscious processing occurs in working memory while automatic processing 

bypasses working memory by using information held in long-term memory” (Leung, Low, & 

Sweller, p. 39). Automaticity with arithmetic facts involves a level of mastery that enables 

students to retrieve the answers (sum, difference, product or quotient) from long-term memory 

without conscious effort or attention. 

 

In research studies, the hippocampal region and amygdala are also related to the formation of 

long-term memories. Even so the functional specialization of the hippocampal region remains 

controversial, its role has been established as a critical aspect in the formation of memories 

(Chua, Schacter, Rand-Giovannetti,
  
& Sperling, 2007). It plays an important role in 

consolidating information from short-term memory into long-term memory, and is involved in 

complex processes such as forming, organizing, and storing memories (Kim, 2001). Also, the 

amygdala has been shown as having a primary role in the formation and storage of memories 

associated with emotional events, and involved in the genesis of many fear responses, including 

immobility, rapid heartbeat, increased respiration, and stress-hormone release (Amunts et al., 
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2005). Since long-term memory is not formed instantaneously, information regarding an event is 

slowly formed into a long-term (potentially lifelong) memory over time. There is research 

evidence suggesting that even so the amygdala is not itself a long-term memory storage site, and 

learning can occur without it, one of its roles is to regulate the process of memory consolidation, 

and fear conditioning in other parts of the brain (Maren, 1999; Blair, 2001; Killcross, Robbins, & 

Everitt, 1997). 

 

Executing mental calculations 

 

First, it is important to take a look at how we execute mental calculations. There are three distinct 

specified processes involved in any accurate mental calculation (McCarthy & Warrington, 1987; 

McCarthy & Warrington, 1990; van Haskanp & Cipolotti, 2001):   

 execution of a calculation operation as can be represented by an arithmetic symbol (+, 

–, • or ÷),  

 execution of supporting arithmetic operation procedures (e.g., carrying, renaming or 

borrowing during number computation), and 

 retrieval of arithmetic facts from memory (one-digit addends with one- or two-digit 

sums: 3 + 5 or 9 + 8). 

 

When solving a cognitive problem (such as mental calculations), people carry out two main 

tasks: choose the most appropriate strategy to solve it (or strategy selection), and execute the 

chosen strategy with reasonable speed and accuracy (or strategy efficiency or fluency). LeFevre 

(1996) challenged the assumption that adults solve simple arithmetic problems by retrieving 

answers from a network of stored facts (e.g., Ashcraft, 1987, 1992, 1995; Campbell, 1987, 1995; 

Campbell & Oliphant, 1992; Lebiere & Anderson, 1998; McCloskey, 1992; Siegler, 1989; 

Widaman & Little, 1992).  LeFevre found that even skilled adults still make substantial use of 

procedures such as counting (e.g., 6 + 3 = 6 + 1 +1 +1) and transformation (e.g., 7 + 5 = 7 + 3 + 

2) when solving simple-arithmetic problems. Using results from two studies, LeFevre indicated 

that undergraduate students described their solutions of single-digit multiplication problems as 

direct retrieval on approximately 80% of trials, but also reported rules (e.g., anything times 0 is 

0), repeated addition (e.g., 2 × 4 = 4 + 4), number series (e.g., 3 × 5 = 5, 10, 15), and derived 

facts (e.g., 6 × 7 = [6 × 6] + 6). He added that participants were slower to retrieve problems that 

were most likely to be solved by non-retrieval procedures, and faster to retrieve problems that 

were usually solved by retrieval. He also indicated that these results point out that direct-retrieval 

models are incomplete accounts of adults' performance and support a continuing influence of 



RUNNING HEAD:  Optical Topography of Evoked Brain Activity: Page #7 

learning and experience on the mental representation of simple multiplication problems, and 

retrieval and non-retrieval (or procedural) strategies differ in their efficiency, as retrieval is 

generally much faster and efficient than any procedural strategy (Imbo, Vandierendonck, & 

Rosseel, 2007). 

 

In a related study involving adults, LeFevre, Sadesky, and Bisanz (1996) found that “adults' 

solution times to solve simple addition problems typically increase with the sum of the problems 

(the problem size effect)”, and “[m]odels of the solution process are based on the assumption that 

adults always directly retrieve answers to problems from an associative network” (p. 216).  

Researchers have attempted to explain the problem size effect by focusing either on structural 

explanations that relate latencies to numerical indices (e.g., the area of a tabular representation), 

or on explanations that are based on frequency of presentation or amount of practice (LeFevre, 

Sadesky, & Bisanz, 1996). LeFevre, Sadesky, and Bisanz (1996) demonstrated that the problem 

size effect in simple addition is mainly due to participants' selection of non-retrieval procedures 

on larger problems (i.e., problems with sums greater than 10). 

 

Functional neuroimaging and mental calculations 

 

Recently, functional neuroimaging studies have begun to clarify how the human brain performs 

the everyday activities and mental tasks. Most studies have used fMRI to make these new 

discoveries, and found relatively specific areas and patterns when solving basic facts and mental 

calculations (e.g., Anderson et al., 2007; Arsalidou & Taylor, 2011; Ashcraft, 1995; Baroody, 

2003; Corbetta et al., 1998; Fehr, Code, & Herrmann, 2007; Fox, 1995; Geary, 1994; Grabner 

et al., 2009; Groen & Parkman, 1972; Houde, et al., 2010; Ischebeck et al., 2006; Kim, 2011; 

Kong et al., 2005; Mangina et al., 2009). Taken together, these findings clarify the neural activity 

that supports successful encoding, as well as the neural activity that leads to encoding failure, 

and indicate a level of consistency when it comes to the functioning patterns of the brain.  The 

following are some general findings from some of these studies related to arithmetic. 

Grabner et al. (2009) carried out another fMRI study, which involved 28 adults, and analyzed 

their self-reported strategies to identify brain regions underpinning different strategies in 

arithmetic problem solving. Grabner et al. indicated that while there is consistent evidence from 

brain imaging studies for an association between the left angular gyrus and mental arithmetic, its 

specific role in calculation has remained difficult to understand clearly. Their analyses revealed 

stronger activation of the left angular gyrus while solving arithmetic problems for which 

participants reported fact retrieval; however, the application of procedural strategies was 
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accompanied by widespread activation in a fronto-parietal network. 

 

Houde, et al. (2010) performed the first meta-analysis of fMRI data. The analysis included 

studies conducted from 1999 to 2008 on more than 800 children and adolescents in three core 

systems of cognitive development and school learning: numerical abilities, reading, and 

executive functions (i.e. cognitive control). The researchers used the activation likelihood 

estimation (ALE), proposed by Turkeltaub et al. (2002), to obtain regions of reliable activity 

across all the studies. AEL is a quantitative meta-analysis technique. Houde, et al. reported that 

children primarily engage the frontal cortex when solving numerical tasks, which is unlike 

results usually reported for adults, and, depending on age, may involve a shift from reliance on 

the frontal cortex to reliance on the parietal cortex. 

 

Similar to Houde, et al. (2010), Arsalidou and Taylor (2011) carried out a quantitative meta-

analyses of fMRI studies involving adults using ALE. They identified brain regions concordant 

among studies that used number and calculation tasks. The analysis included 53 studies 

conducted from 1999 to 2009, and mean age in years from 19 to 42. Houde, et al. indicated that 

the number and calculation tasks used in the studies elicited activity in a set of common regions 

such as the inferior parietal lobule, but the regions in which they differed were most notable, 

such as distinct areas of prefrontal cortices for specific arithmetic operations. 

 

Imbo and Vandierendonck (2007) investigated the role of the central executive and the 

phonological loop in arithmetic strategies to solve simple addition problems (Experiment 1) and 

simple subtraction problems (Experiment 2). They used a choice/no-choice method to investigate 

strategy execution and strategy selection independently. They found that the central executive 

was involved in both retrieval and non-retrieval (procedural strategies), but played a larger role 

in the latter. 

 

A related study by Imbo and Vandierendonck (2008) investigated (a) whether the effects of 

problem size, operation, and working-memory span on children’s simple-arithmetic strategy use 

are equal to those observed in adults, and (b) how these effects emerge and change across age. 

They found that adult's simple-arithmetic strategy use depends on problem-related 

characteristics, such as problem size and operation, and on individual-difference variables, such 

as working-memory span; the problem-size effect in adults results from the same strategic 

performance differences as in children (i.e., size-related differences in strategy selection, 

retrieval efficiency, and procedural efficiency); operation-related effects in adults were equal to 



RUNNING HEAD:  Optical Topography of Evoked Brain Activity: Page #9 

those observed in children as well; and the advantage of having a large working-memory span 

was present in adults and children. 

 

Qin, Young, Duan, Chen, and Menon (2013) studied 7- to 9 year-old children (n=76) with math 

anxiety in order to gain a perspective on the developmental origins of this issue, which have been 

usually found in older children and adults.  The researchers used a modified math anxiety 

questionnaire to measure math anxiety.  For comparison purposes, the children were ranked by 

their scores and divided into high and low math anxiety groups.  The groups had similar IQ 

scores, working memory, reading and mathematics ability, and math anxiety levels. fMRIs were 

carried out as they performed addition and subtraction problems. The fMRIs of children with 

high anxiety showed heightened activity in the amygdala, and in a section of the hippocampal 

region. This group also had decreased activity in several regions associated with working 

memory and numerical reasoning, and the increase activity in the fear center was driving the 

reduced function in numerical information-processing regions of the brain.  

 

The present study expanded on research findings using OT system and included addition, 

subtraction, multiplication and division exercises in order to investigate all operations in the 

analyses. It concentrated on the level of activity presented during mental calculations in the 

frontal lobe, which has been identified as a prominent activation area when completing mental 

arithmetic tasks. This study only involved adults and their responses could provide a benchmark 

for future research with children using OT instead of fMRI. 

 

Materials and Methods 

 

This section provides information regarding the instruments, subjects, and other materials and 

methods used for this study. This study was exploratory in nature, and involved repeated 

measures to increase the validity and reliability of results. 

 

Subjects. Twelve healthy subjects (9 females and 3 males, 21 years old or older with m35, and 

SD14) participated in the study. Eleven of them were right-handed and one was left-handed. All 

subjects had completed at least 14 years of education – 4 students were completing their third 

year of their Bachelor of Science degree, 5 Master of Education degree, and 3 Doctoral degree.   

 

Participants, attending a university in a Florida metropolitan area, self-selected their courses after 

enrolling in their respective programs. The opportunity to participate in the study was announced 
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in several classes and students provided consent to participate in the study. Also, a medical 

doctor interviewed them, and indicated final permission to be involved in the study in a written 

note. Code numbers were used as identifiers for the data collection to remove names. 

 

Experimental Design. This study investigated the optical topography of evoked brain activity as 

participants performed accurate mental calculations (addition, subtraction, multiplication and 

division) at different complexity levels (one- or two-digit numbers). Following the guidelines 

used in other studies, solving the basic fact exercises should require retrieval (directly from 

memory) or non-retrieval procedures (such as counting or tricks) (LeFevre, et al., 1996; LeFevre, 

Sadesky, & Bisanz, 1996; Siegler, 1987), and solving the computation problems should require 

calculation that cannot be retrieved from memory directly (Campbell & Austin, 2002; Dehaene 

& Cohen, 1997; Kazui, Kitagaki, & Mori, 2000; Temple, 1991; van Haskanp & Cipolotti, 2001). 

Similar to Kong et al. (2005) and Ashcraft (1992), the difficulty level of the exercise used in this 

study were such that subjects achieved a high accuracy rate, allowing the use of reaction time 

measures to estimate how difficult exercises were for students. 

 

Instructions before the scanning session.  Before the scanning session, a protocol was read to 

them indicating general guidelines (1 minute), including practice exercises (4 minutes) using 

addition and division exercises similar to the ones presented in Tables 1 and 2 (answering one 

column at a time). Participants were expected to solve each item separately trying to further 

ensure that they actually calculated the problem instead of judging the correctness of given 

answers (like multiple choice items) using different strategies (Campbell & Austin, 2002). 

 

Table 1 

Addition items for mental calculations (From A1) 

+ 3 5 7 4 6 8 

4       

6       

8       

35       

46       

52       

63       
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Table 2 

Division items for mental calculations (Form D1) 

÷ 3  ÷ 5  ÷ 7  ÷ 4  ÷ 6  ÷ 8 

24   45   49   24   66   72  

27   35   42   36   36   32  

12   40   35   32   18   8  

39   30   63   28   42   40  

63   20   14   16   48   24  

18   25   28   12   24   64  

36   15   56   20   54   56  

 

Procedures during the scanning session. Participants completed mental computation tasks 

(similar to the practice tasks) involving twelve experimental conditions (three per operation) 

involving whole numbers. Table 1 presents the 42 items used for the first addition task (seven 

rows by 6 columns arrangement). For example, the first problem was 4 + 3, which is found by 

combining the value in the first row (4) with the one on the first column (3); the answer should 

be written in the corresponding cell, which in this case is 7. The next exercise was 4 + 5 with an 

answer of 9. A similar arrangement was used for subtraction and multiplication. Table 2 presents 

the 42 items used for the first division task. The same format was used for three replications of 

tasks for a total of 126 items for each operation (the order of the items was changed for each 

replication). 

 

Design for the Study. Participants were given 10 seconds for an initial waiting time, 30 seconds 

for each task, and 20 seconds resting period between tasks. Experiment 1 involved addition and 

subtraction, and experiment 2 involved multiplication and division (see Tables 3 and 4). All 

practice exercises and scanning sessions for both experiments were carried out back-to-back on 

the same day, and lasted about 5 minutes altogether. 

 

Table 3 

Experiment 1 alternated addition and subtraction tasks (300 seconds = 5 minutes) 

Steps Operation (30 seconds each) Resting Periods (20 second each) 

Waiting time:  10 seconds 

Task A1: Addition 1 

Task B1: Subtraction 2 

Task A2: Addition 3 

Task B2: Subtraction 4 

Task A3: Addition 5 

Task B3: Subtraction 6 
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Table 4 

Experiment 2 alternated multiplication and division tasks (300 seconds = 5 minutes) 

Steps Operation (30 seconds each) Resting Period (20 seconds each) 

Waiting time: 10 seconds 

Task C1: Multiplication 1 

Task D1: Division 2 

Task C2: Multiplication 3 

Task D2: Division 4 

Task C3: Multiplication 5 

Task D3: Division 6 

 

Also, during the scanning session, the researcher kept notes about students’ performances. After 

OT probe headset was removed, participants were asked the following questions about their 

experience in an exit interview (around 10 minutes each):  

1. Were there any problems as you answered the exercises?   

2. Were there any problems with the brain scanning process?  

3. How many mistakes do you think you made during the session?   

4. How did you solve each exercise? 

 

For question 4, participants were shown the answer sheet they used during the scanning session, 

and asked to describe how they had solved the exercises (i.e., whether they had remembered, 

counted, or used a special trick or other procedure).  The researcher was interested in the 

thinking process used to solve the exercises.  Participants were encouraged to report as much as 

possible about how they solved the problem, and the researcher noted their responses (LeFevr, 

Sadesky, & Bisanz, 1996). Ericsson and Simon (1993) indicated that participants might 

misunderstand this question and try to provide more common social communication, explaining 

or describing the process to the researcher. To avoid this situation, the researcher followed 

recommendations from Ericsson and Simon:  the task had a clear focus, the experimental 

situation was arranged to make clear that social interactions were not intended, and no 

explanations or verbal descriptions were required. 

 

OT Data Acquisition. All brain imaging were performed with the OT system (Hitachi, 2004), 

which has been tested for safety within FDA guidelines. This system uses a method of measuring 

the oxygen levels in particular brain areas. The oxygen level is associated with increased brain 

activity; therefore, this device provides evidence of brain activity associated with task 

performance. During measurement, the sensors were placed on the scalp over the brain area 

(around the frontal lobe) to be monitored using the 3 by 11 probe headset (with 52 channels) 
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configuration of the scanning system (Hitachi). The detectors collected the reflected light, 

evaluated the change in oxygen level, and displayed these values on a computer screen. 

Positioning of the array was accomplished to maximally overlay regions (Jasper, 1957) 

classically involved in mental mathematics in the frontal lobe. A video camera was directly 

connected and controlled by the OT-system, thus ensuring the synchronization of data recording 

with the recording of video footage. 

 

Data Analysis. Relative changes in the absorption of near-infrared light were converted into 

changes in hemoglobin concentrations and visualized on the system monitor by the system 

software applying the modified Beer-Lambert law (Delpy et al., 1988; Delpy & Cope, 1997). A 

general impression analysis (looking at images and videos) was performed prior to the more 

specific analyses using standard procedures provided by the instrument itself. First examinations 

of the data showed specific reactions in the expected areas.  We had to exclude the data from 

participant 008 because of head movement during scanning session. 

 

After that, the data were analyzed using standard procedures of the OT system for each one of 

the tasks provided by the instrument itself, actual fNRI mapping: “integral” mode (raw data), 

and “continuous” mode. The “continuous” mode is the average estimated value for oxygenated-

Hb over a certain number of identical tasks; for example averaging the value for tasks A1, A2 

and A3 for addition (Delpy et al., 1988). For fair comparison purposes, each participant’s 

“continuous” mode values were standardized using the mean (m) and standard deviation (SD) 

for all integrated continuous raw data. Also, the standardized data were analyzed for possible 

outliers. Parameters were established based for the standardized scores (low, moderate and high 

levels). The researcher’s notes and exit interview comments were also analyzed for possible 

themes by affixing code; noting reflections or other remarks in the margins; sorting and sifting 

through them to identify similar phrases, strategies and themes; and gradually elaborating a set of 

generalizations (Miles & Huberman, 1994).  

 

Results 

 

In terms of the first research question, “As measured by the OT system, were the specific areas 

of the brain (frontal lobe area in this study) activated when participants solve arithmetic exercises 

from memory similar to the ones already identified in previous research?”, the “integral” mode 

analysis replicated the expected reaction in the frontal lobe found by other researchers (Castelli, 

Fulvia, Glaser, Daniel, & Butterworth, 2006; Dehaene & Cohen, 1997; Kazui, Kitagaki, & Mori, 
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2000). Given these results, special attention was paid to the inferior parietal area and an area 

called the "perisylvian region." 

 

In terms of the second research question, “As measured by the OT system, were there different 

levels of brain activation (low, moderate or high) in the frontal lobe area when participants 

solved arithmetic exercises from memory?”, the “continuous” mode analysis of the system was 

used to analyze the data. In these OT mappings, the red color represents oxygenated-Hb, and the 

blue color represents deoxygenated-Hb. This mode of the OT system provides a display of the 

data that comes from combining the data from the different probes into a linear or continuous 

manner, as well as averaging data from the different tasks within an operation:  tasks A1, A2 and 

A3 for addition; tasks B1, B2 and B3 for subtraction; tasks C1, C2 and C3 for multiplication; and 

tasks D1, D2 and D3 for division. In the continuous mode, it was also possible to better compare 

frontal and parietal areas. These data were integrated and their m and SD were calculated and 

used to calculate standardized scores. Data for Participant 3 were considered outliers and deleted 

from the data. Her average overall mean was 1.38, which was an extreme value in comparison 

with the results for the other participants. During the scanning period, she sounded out numbers 

and answers as she was solving the exercises. She also indicated having difficulties with the 

format. These factors might have accounted for the high level of oxygenated-Hb. However, she 

completed more items than the rest of the students, and was the only one with high levels of 

oxygenated-Hb and high number of items completed. 

 

Appendix A includes mean, minimal, maximal, range, mean and standard deviation values, and 

overall activity level for the oxygenated-Hb “integral continuous” mode standardized values per 

participant, task and overall (without Participant 3 values). Table 5 provides the “integral 

continuous” mode estimated average value for each participant, task and overall activity value, 

and figure 1 presents a graph of average values per participant by task. Three participants 

demonstrated low overall levels of oxygenated-Hb, two were moderate, and five were high. 
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Table 5 

“Continuous” mode average estimated values for oxygenated-Hb and overall activity level per 

participant by task, and mean for average values 

Participants/ 

Operation 
Addition Subtraction Multiplication Division Overall 

1 -0.13 -0.89 0.01 -0.05 -0.26 
(low) (low) (moderate) (moderate) (low) 

2 0.49 -0.27 -0.01 -0.03  -0.04  
(high) (low) (moderate) (moderate) (moderate) 

4 
–
0.45  

–
0.34  

–
0.28  

–
0.73  -0.45  

(low) (low) (low) (low) (low) 

5 
–
0.05  0.19  0.12  0.32  0.15  

(moderate) (high) (moderate) (high) (high) 

6 0.12  0.17  -0.01  0.30  0.15  
(moderate) (high) (moderate) (high) (high) 

7 -0.40  -0.38  
–
0.63  -0.64  -0.51  

(low) (low) (low) (low) (low) 

9 
0.21  0.26  0.01  0.19  0.17  
(high) (high) (moderate) (high) (high) 

10 0.25  0.04  
–
0.13  

–
0.37  -0.05  

(high) (moderate) (low) (low) (moderate) 

11 -0.17  0.37  0.25  0.42  0.23  
(low) (high) (high) (high) (high) 

12 -0.08  -0.05  0.77  1.56  0.55  
(moderate) (moderate) (high) (high) (high) 

Mean -0.02  -0.09  0.01  0.10  0.00  
(moderate) (moderate) (moderate) (moderate) (moderate) 

Range 11.39 12.33 11.06 11.99 15.36 

SD 0.86 0.94 0.93 1.16 1.00 

Notes:  Activity level scale: low (below 
–
0.13), moderate (

–
0.12 to 0.12), and high (above 0.13) levels. 

 

Figures 1 (Participants 1-6), and 2 (Participants 7 and 9-12) illustrate levels of brain activation by 

using tones of red and blue.  Higher tones of red indicate higher levels of oxygenated-Hb (or 

more brain activation in that area), and higher tones of blue indicate lower levels of oxygenated-

Hb (or less brain activation in that area).  Participants 3, 5, 9 and 10 demonstrated low levels of 

oxygenated-Hb, participants 2 and 7 moderate, and participants 1, 4, 6, 11 and 12 high. Similarly, 

figures 3 (Participants 4 and 12) and 4 (Participants 5 and 1) provide sample illustrations of the 

data using 3D images. Figure 5 provides a comparison of level of brain activation using 3D 

images between Participants 2 (moderate) and 6 (high).   
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Figure 1:  Illustration of data analyzed in “continuous” mode from left (L) to right (R) for 

participants 1 – 6. 

Note: A = addition, B = subtraction, C = multiplication, and D = division. 
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Figure 2:  Illustration of data analyzed in “continuous” mode from left (L) to right (R) for 

participants 7, and 9 – 12. 

Note: A = addition, B = subtraction, C = multiplication, and D = division. 
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Figure 3: Illustration of data analyzed in the OT “continuous” mode using 3D images: 

Participants 4 and 12. 
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Figure 4: Illustration of data analyzed in the OT “continuous” mode using 3D images: 

Participants 5 and 1. 

 

Figure 5: Comparison of level of brain activation using 3D images. 

 

In terms of the third research question, “Were the different levels (low, moderate or high) of 

brain activation (in the frontal lobe area) related to participants’ effectiveness in solving the 

mental exercises, and prior experiences with memorization of arithmetic facts (as presented by 
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participants in exit interviews after scanning sessions)?”, the researcher’s notes and exit 

interview comments provided some insight into the participants’ performance, and what they 

were thinking during the scanning sessions. Answers to questions 1 (Were there any problems as 

you answered the exercises?), and 2 (Were there any problems with the brain scanning process?) 

indicate that the students did not find any problems with solving the exercises or scanning 

process. Appendix B presents answers to questions 3 (How many mistakes do you think you 

made during the session?), and 4 (How did you solve each exercise?), researcher’s notes, number 

of exercises answered for all tasks (across operations), accuracy (percent of correct items: 

number of correct items divided by the total number of item completed) by level of oxygenated-

Hb (high, moderate and low), and speed (number of correct answers divided by 6 minutes, which 

is the total amount of time given for all tasks). 

 

The students completed the exercises with an overall 97% (6 incorrect items) to 100% level of 

accuracy, which implies a high degree of success for all of them. The students with lower levels 

of oxygenated-Hb had both accuracy and speed, and also indicated in their answers to the exit 

interview questions, and/or demonstrated (as observed by the researcher) a sense of confidence 

when completing the tasks. The ones with high levels of oxygenated-Hb had accuracy, but in 

most cases lacked speed, and/or indicated or demonstrated less confidence. The average total 

number of completed items ranged from a low 35 (Participant 3 with high levels of oxygenated-

Hb) to 100 (Participant 11 with low levels of oxygenated-Hb), both with 100% accuracy. 

Participant 4 seems to be an exception to this assertion. She had the highest average of problem 

solved (96 items with 99% accuracy) for students with a high level of oxygenated-Hb). The high 

level of oxygenated-Hb might come from the pressure she said she put on herself to get as many 

correct answers as possible (based on her exit interview) (see Appendix B). 

 

Overall, participants’ level of brain activation was related to their level of mental calculation 

effectives or fluency. Participants with high levels of brain activations did not demonstrate great 

effectiveness in the use of mental strategies when solving the arithmetic tasks. Participants 3, 9 

and 10 had low levels of oxygenated-Hb, and a high number of correct problems and facility 

with the task, and preferred to solve exercises with rote memorization methods (just 

remembered) or quick mental strategies, like 5 + 6 = 11 because 5 + 5 + 1 = 11. 
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Table 6 

Overall “Continuous” mode average estimated mean values for oxygenated-Hb level and items 

solve per minute by participant 

Participants/ 

Operation 
Overall Items solve per minute 

7 -0.51(low) 10 

4 -0.45 (low) 16 

1 -0.26 (low) 13.5 

10 -0.05 (moderate) 11 

2 -0.04 (moderate) 11 

5 0.15 (high) 9.5 

6 0.15 (high) 12 

9 0.17 (high) 12 

11 0.23 (high) 6 

12 0.55 (high) 6 

Notes:  Activity level scale: low (below 
–
0.13), moderate (

–
0.12 to 0.12), and high (above 0.13) levels. 

 

Discussion 

 

The idea of efficiency or automaticity with mental calculations might be limited to situations that 

involve computation; however, it could imply that a less efficient person in arithmetic, which is 

only a section of mathematics, would need to use a great portion of his/her working memory to 

carry out this mental activity, and might not be able to access it for other important cognitive 

brain functions involved in the task. Also, this type of performance could impact the persons’ 

ability to feel confident and successfully complete other higher order thinking activities. Based 

on these findings, considerations need to be made to capitalize on basic brain functions that will 

improve understanding and long-term memory with recall (Laughbaum, 2011), and special 

attention should be placed on how children memorize facts and computation algorithms, which 

could have effects on how efficiently the brain works when solving mental computation 

exercises as adults. 

 

The results of this study should be taken into consideration in the development of mental 

mathematics activities at the elementary school level. Research findings indicate that children 

strengthen the association between basic-fact problems and their answers through repeated 

practice, building stronger bonds that lead to confident retrieval from long-term memory 

(Ashcraft, 1995; Baroody, 2003; Fox, 1995; Geary, 1994; Groen & Parkman, 1972; O’Connell & 

SanGiovanni, 2011). The lack of proper memorization of facts seems to have consequences in 

adults’ brain performance later in life. The way these are taught should be in concert with how 



RUNNING HEAD:  Optical Topography of Evoked Brain Activity: Page #22 

the brain functions (Verschaffel, Greer, & De Corte, 2007). We should keep an emphasis on 

understanding, but we also need to help students develop proper speed and accuracy with mental 

calculations. Educators need to keep in mind that the brain requires neural connection to process 

understanding, long-term memory and recall (Verschaffel, Greer, & De Corte, 2007).  

 

Instead of solely relying on counting and modeling strategies, a strategy-based approach could be 

used to help students’ fluency with basic facts.  The strategies or methods for solving basic fact 

problems may include the following (Baroody & Coslick, 1998; Carpenter, Fennema, Franke, 

Levi, & Empson, 1999; Fuson, 1992; Fuson & Kwon, 1992; Kulm, 1985; O’Connell & 

SanGiovanni, 2011): 

 reasoning strategies involving properties: a + 0 = a; a + 1 = next whole number;  

a – 0 = a; a – 1 = previous whole number; a • 1 = a; or commutative property; 

 known fact derivation: 5 + 6 = 5 + 5 + 1; 7 + 6 = 7 + 7 – 1; double plus one more:  

7 • 8 = 7 • 7 + 7; multiplying 3 can be though of as multiplying by 2 and then adding 

one more group or as tripling a number:  3 • 5 = 2 • 5 + 5; multiplying by 4 can be 

thought of a doubling a double (using the previously mastered multiplying by 2 facts):  

4 • 6 = 2 • (2 • 6); 

 inverses/complement (also known as fact family): 12 – 5 is known because 5 + 7 = 12; 

12 ÷ 4 = 3 because 3 • 4 = 12; fact family: 5 + 7 = 12, 7 + 5 = 12, 12 – 5 = 7, and  

12 – 7 = 5; or 3 • 4 = 12, 4 • 3 = 12, 12 ÷ 3 = 4, and 12 ÷ 4 = 3; 

 redistributed derived facts: 7 + 5 = 7 + (3 + 2) = (7 + 3) + 2 = 10 + 2 = 12;  

12 – 5 = (7 + 5) – 5 = 7 + (5 – 5) = 7; 

 retrieval from long-term memory, which should be supported by understanding of the 

operation, direct modeling (counting objects and fingers) and counting abstractly; and 

could be facilitated by strategy-based approaches. 

 

The strategy-based approach has been found effective, and has several advantages. Rathmell 

(1978) and Thornton (1978) have found that students’ use of thinking strategies facilitates their 

learning and retention of basic facts, and builds their understanding and confidence. More recent 

studies have confirmed these findings, and added evidence from “expert” children and adults, 

they indicate that successful arithmetic skills are often accomplished using a combination of 

memory and strategy techniques (Baroody, 1999; Bisanz & LeFevre, 1990; Campbell & Xue, 

2001; Gray & Tall, 1994; Kilpatrick et al., 2001; LeFevre, Smith-Chant, Hiscock, Daley, & 

Morris, 2003). Relying only on counting could potentially deprived students the opportunity to 

develop more robust number sense, and are likely to face a growing problem as they tackle more 
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complex mathematical problems (Henry, 2008). Also, there is research evidence indicating the 

correlation between strong basic-facts fluency and strong mathematics achievement (Kilpatrick, 

Swafford, & Findell, 2001). From an information processing perspective, this correlation might 

indicate that students who use less working memory could have more working memory available 

to apply those facts in more complex or novel situations (Bjorklund, Muir-Broaddus, & 

Schneider, 1990). Students have the opportunity to develop fluency as they think through 

different strategies, express strategies in their own ways, and eventually discover the methods 

that work best for them (O’Connell & SanGiovanni, 2011). 

 

When helping older students to overcome mental calculation and short-term memory challenges, 

Witt (2010) provided several recommendations: allow and encourage students to come up with 

their own strategies, ask for help, seek for resources that lighten the working memory load, 

record information in different ways, and ask for clarification or simplification of the task. As 

students record the steps in a strategy and try to understand the strategy, they also reduce 

demands on the short-term memory load imposed by the mental calculation task.  A possible 

strategy is to record and keep track of what is being done with a particular calculation and what 

the interim result is.  This practice could reduce the demands on concurrent processing and 

storage that children with poor central executive short-term memory might find challenging.  For 

example, a compensation strategy for calculating 35 + 9 could be recorded as 35  45  44 

(i.e., 35 + 10 – 1, which is the same as adding 9, but easier for mental calculation) (Witt, 2010).  

As Witt indicated, “Once a [student] begins to have some success with this strategy, its benefits 

may become more apparent and the [student] may be motivated to move readily to more 

sophisticated addition strategies” (p. 966). 

 

Furthermore, Qin, Young, Duan, Chen, and Menon (2013) found that children with high math 

anxiety levels were less accurate and significantly slower at solving mathematics problems than 

the other group. It is very possible that, as with the children in Qin, Young, Duan, Chen, and 

Menon’s study, math-specific fear might have heighten the present study participants’ brain 

activity during mental calculation tasks, and their brain information processing capacity and 

ability to reason through the mental calculations. Also, this provides support for the possibility of 

developing and assessing instructional interventions that could improve students’ mental 

calculation ability and possibly overcome math anxiety. It would be important to include 

participants’ levels of math anxiety in follow-up studies, and assess how these levels are related 

to participants’ levels of brain activity as they performed mental calculations. 
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In conclusion, as students develop automaticity with basic facts, they perform mental tasks with 

minimal effort from the working memory, and devote it to perform other higher-order thinking 

skills, such as problem solving (Geary, 1994). By being able to solve problems with speed and 

accuracy, they will also be better equipped to learn other related mathematics concepts and skills 

with less confusion and computational errors, and assess the reasonableness of mental 

calculations, computation solutions, estimation of results or calculator answers.  

 

One important concern is related to how teachers help students acquire high levels of fluency 

with basic facts and mental calculations without making it the tedious drill-and-kill approach 

used in the past. With the advent of new technologies, there are many other alternatives to help 

them develop automaticity and fluency in a more engaging manner. In addition, teachers should 

not abandon helping students to develop proper conceptual understanding to support procedural 

understanding. This exploratory study produced interesting results; however, further research is 

needed to draw final conclusions. Additional background information of the subjects with a 

larger sample seems recommended, including gender, educational background, attitudes toward 

mathematics, math anxiety level, confidence level when solving exercises, social or educational 

circumstances, and/or the presence of learning disabilities. Also, it would be interesting to 

analyze how mental mathematics treatment improves speed and accuracy and its effects on 

brain’s activation.  
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   Appendix A 

Mean, minimal (Min), maximum (Max), range and standard deviation (SD) values, and overall activity level for the oxygenated-Hb “integral 

continuous” mode standardized values per participant, task and overall (without participant 3 included) 

Participants Addition Subtraction Multiplication Division Overall 

1 Mean –0.13 (low) –0.89 (low) 0.01 (moderate) –0.05 (moderate) –0.26 (low) 

 Min –5.27 –7.38 –3.10 –4.01 –7.38 
 Max 6.12 4.96 4.44 4.66 6.12 

 Range 11.39 12.33 7.54 8.67 13.50 

 SD 1.59 1.94 1.15 1.33 1.50 

2 Mean 0.49 (high) –0.27 (low) –0.01 (moderate) –0.03 (moderate) –0.04 (moderate) 

 Min –1.17 –1.51 –1.37 –4.01 –4.01 

 Max 3.84 1.83 1.77 4.66 4.66 

 Range 5.00 3.34 3.14 8.67 8.67 

 SD 0.73 0.53 0.46 1.01 0.68 

4 Mean –0.45 (low) –0.34 (low) –0.28 (low) –0.73 (low) –0.45 (low) 

 Min -3.19 -1.71 -3.26 -2.93 -3.26 
 Max 2.16 1.99 1.88 1.22 1.22 

 Range 5.35 3.70 5.15 4.15 4.48 

 SD 0.72 0.56 0.78 0.66 0.68 

5 Mean –0.05 (moderate) 0.19 (high) 0.12 (moderate ) 0.32 (high) 0.15 (high) 

 Min –1.61 –2.65 –2.27 –1.82 –2.65 

 Max 2.40 2.58 3.60 3.72 3.72 
 Range 4.01 5.23 5.88 5.55 6.37 

 SD 0.65 0.91 0.68 0.79 0.76 

6 Mean 0.12 (moderate) 0.17 (high) –0.01 (moderate) 0.30 (high) 0.15 (high) 

 Min –2.40 –1.25 –3.86 –2.67 –3.86 
 Max 2.71 2.27 3.64 3.35 3.64 

 Range 5.11 3.52 7.50 6.02 7.50 

 SD 0.98 0.55 0.95 0.77 0.81 

7 Mean –0.40 (low) –0.38 (low) –0.63 (low) –0.64 (low) –0.51 (low) 

 Min –2.18 –1.49 –3.55 –2.81 –3.55 

 Max 0.73 1.16 1.46 1.24 1.46 
 Range 2.90 2.65 5.01 4.05 5.01 

 SD 0.39 0.35 0.57 0.53 0.46 

9 Mean 0.21 (high) 0.26 (high) 0.01 (moderate) 0.19 (high) 0.17 (high) 
 Min –1.05 –0.98 –1.31 –0.92 –1.31 

 Max 2.39 2.01 1.84 2.75 2.75 

 Range 3.44 2.99 3.16 3.67 4.06 
 SD 0.49 0.46 0.38 0.46 0.45 

10 Mean 0.25 (high) 0.04 (moderate) –0.13 (low) –0.37 (low) –0.05 (moderate) 

 Min –1.06 –1.25 –1.53 –1.83 –1.83 

 Max 1.54 1.37 1.25 0.78 1.54 
 Range 2.60 2.62 2.78 2.60 3.37 

 SD 0.55 0.44 0.49 0.45 0.48 

11 Mean –0.17 (low) 0.37 (high) 0.25 (high) 0.42 (high) 0.23 (high) 
 Min –1.55 –1.96 –3.00 –1.65 –3.00 

 Max 3.31 3.42 3.37 5.84 5.84 

 Range 4.87 5.42 6.38 7.49 8.84 
 SD 0.71 0.89 0.91 1.25 0.94 

12 Mean –0.08 (moderate) –0.05 (moderate) 0.77 (high) 1.56 (high) 0.55 (high) 

 Min –2.39 –2.87 –2.77 –1.94 –2.87 

 Max 3.05 2.60 7.20 7.98 7.98 
 Range 5.44 5.47 9.97 9.93 10.85 

 SD 0.74 0.80 1.56 1.93 1.26 

All Mean –0.02 (Moderate) –0.09 (moderate) 0.01 (moderate) 0.10 (moderate) 0.00 (moderate) 
 Min –5.27 –7.38 –3.86 –4.01 –7.38 

 Max 6.12 4.96 7.20 7.98 7.98 

 Range 11.39 12.33 11.06 11.99 15.36 
 SD 0.86 0.94 0.93 1.16 1.00 

Notes:  Activity level scale: low (–0.13 or less), moderate (–0.14 to 0.12), and high (0.13 or more) levels. 
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Appendix B 
Questions 3 and 4, researcher’s note, average number of exercises answered, and number of items solved per minute level of oxygenated-Hb 

 

Q3: Mistakes Q4:  Strategies they remember using Research’s Notes 

Items 

completed 
& Acc./ 

Items per min. 

Participants with low levels of oxygenated-Hb   

7 
RH, F, 

M.Ed 

I think I had 5 
to 8 mistakes. 

I had a sense of anxiety that was self-generated. I was a 
bit frustrated at the start of multiplication and division 

tasks because I felt that she should know this a lot better 

and faster.  I was thinking that I could have done a lot 
better. 

Struggled with some exercises 
included in task C2. Went back 

and corrected two of them after 

recording incorrect answers. 
She was more relaxed during 

the addition and subtraction 

tasks. She seemed to have an 
elevated heartbeat & level of 

frustration during x & ÷. 

62 
(97%) & 

10 per min. 

4 

RH, F, 
PhD 

I made 2-3 

mistakes. 

Unclear on division if still answering left to right. I used 

rote memorization to solve the problems. 

I had some problems setting 

the system on her head.  She 
was the first participant. 

96 

(99%) &  
16 per min. 

1 

RH, F, 
BS 

A few 7-facts 

in 
multiplication/

division - need 

to brush up! 

I slowed down a lot with division  had trouble recalling 

some basic facts.  I visualize the times table chart and 
recall from there.  I just think of the closest number before 

– example: trouble with 7 x 8, go back and think of 6 x 8 

or 7 x 7. 

She skipped problems and did 

easier problems first.  She had 
some problems with division 

problems. 

81 

(100%) & 
13.5 per min. 

Participants with moderate levels of oxygenated-Hb   

10 

RH, 

PhD 

I don’t think I 

made 

mistakes. 

I used memorization strategies to figure out the answers, 

especially for multiplication and division. 

No problems with the tasks & 

completed them with speed & 

accuracy. 

66 

(100%) & 

11 per min. 

2 

RH, F, 

BS 

Less than four 

mistakes. 

A few of the answers I could not think of, so I skipped 

them. I mostly used memorization.  I would look at a 

problem and instantly recall the answer. Again, I used 

memorization.  If I did not know it, I just skipped that 

problem and moved onto the next one.  I was checking the 

results for division using multiplication as I went from 
one division problem to another. 

She was skipping some of the 

division problems 

67 

(100%) & 

11 per min. 

Participants with high levels of oxygenated-Hb   

5 

RH, F, 

PhD 

Maybe 5-10 

incorrect. 

No problems when answering.  My thought process 

changed a lot when switching to division.  I believe this 

was due to the format of the boxes. Addition (I worked 
from 5’s) ex. 5 + 7 = 5 + 5 + 2 = 10 + 2 = 12.  Subtraction 

(same strategy) ex. 12 - 7 = 12 - 2 - 5 = 10 - 5 = 5.  
Multiplication (memory).  Division (mostly facts).  I did 

2-digit number division from right to left. 

No problems with tasks.  She 

demonstrated speed and 

accuracy. 

58 

(100%) & 

9.5 per min. 

6 

RH, 
M, 

M.Ed. 

Several. I felt slow.  I had to scratch out many answers because I 

was trying to do them fast. For division, I did it as if I 
were doing it on paper. For multiplication, I sometimes 

did something that was easier for me to compute and then 

added the rest.  i.e., 6 x 7 = (5 x 7) + 7 = 35 + 7 = 42.  I 
also use the property of 9 where you subtract one from the 

number and then find the sum of the two digits to be 9. 

He did not have problems with 

the task.  A bit slower for 
multiplication and division 

73 

(99%) & 
12 per min. 

9 
RH, F, 

BS 

math 

I don’t know 
if I made 

mistakes. 

I did rote memorization.  Did subtraction and division as 
missing addends or factors, respectively.  I remember 

many drill and practice activities to memorize the facts 

when I was growing up. 

She was very proficient and at 
ease with the tasks. 

74 
(97%) & 

12 per min. 

11 
RH, 

M, BS 

I don’t think I 
made 

mistakes. 

I tried to use strategies to solve the problems. He had a hard time with 
division.  Did not have speed 

for most of the tasks. 

38  
(99%) & 

6 per min. 

12 

RH, 

M. 

PhD 

No mistakes. It was pretty much automatic.  I used rote memorization 
to solve problems. 

Exercises were easy for him w/ 
speed and accuracy. 

35 
(97%) & 

6 per min. 

3 
LH, F, 

BS 

Not sure if I 
made 

mistakes. 

I had difficulties with the format of the division exercises.  
Did regrouping for addition, and multiplication.  For 

division, I combined different strategies. For division, I 

was looking for the missing factor using multiplication.  I 
did everything in Spanish 

Bilingual.  Spanish is her first 
language.  She sounded out 

numbers as she was solving 

them. 

100 
(100%) & 

17 per min. 

Note: RH = right-handed, LH =left-handed, F = female, M = male, BS = Bachelor of Science in elementary education (or math education when 
indicated), M.Ed. = master in education, PhD = doctoral degree in math education, Acc. = Accuracy 
 


