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ABSTRACT 

Ismail, A. Technology, brain, and self-perception in learning mathematics. M.Ed in 

Professional Development, August 2013, 96pp. (G. Willhite) 

This thesis study investigated a relation between using technology, specifically webpage 

modules created using brain-based learning, to review prior skills and the technology’s 

effectiveness on students’ mathematics achievement. The study examined the role of 

technology to activate students’ prior knowledge and students’ self-perception about 

learning mathematics. A quasi-experimental pretest-posttest research design was used to 

investigate concept learning from one unit within a high school geometry class. Students 

were divided randomly in control and experimental groups. Data was collected through 

self-perception surveys before and after the experiment and pretest and posttest geometry 

unit assessments. The self-perception surveys data analyzed using paired t-test, and the 

two unit geometry assessment data analyzed using independent t-test. Results indicated 

that using technology aligned with brain-based principles to activate students prior 

knowledge showed significant improvement in mathematics achievement among the 

experimental group, but did not affect the students’ self-perception of learning 

mathematics. Recommendation include repeating the research using a larger number of 

students and for a longer period of time to examine the relationship between using 

technology to activate students’ prior knowledge and students’ self-perception about 

learning mathematics. 
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CHAPTER I 

INTRODUCTION 

Education is one of the pillars fo our nation’s success. Educators need to develop 

creative leaders, not just followers, to carry the responsibility of building their 

communities.  Educators need to use all available knowledge and tools to help develop 

generations of young adults. They should be role models to their students by respecting 

their differences and by giving each of them an equal opportunity to learn by 

accommodating their needs. A teacher should encourage, motivate, and give students the 

chance to explore and be independent in their learning.  

 In today’s technology driven work force, learning mathematics is essential. 

Learning mathematics helps in building essential life skills that students use in everyday 

life; for example critical thinking, reasoning, and problem solving.  It was mathematics 

that led modern civilization from the Dark Ages up to contemporary time - from Galileo 

and Isaac Newton until the great relativity theorem and recent space explorations to Mars 

and other planets. Without a strong mathematical foundation humans could not dream of 

reaching distances far away from Earth. For our nation to stay ahead in the current global 

competitive economy, our students need to understand mathematics and be able to apply 

it in different applications.  Although our nation is advanced technologically, teaching 

mathematics has become more challenging to more recent students.  Mathematics 

education, at least in the United States, is now subject to a new trend. 

 Despite a renewed focus on science, technology, engineering, and mathematics 
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(STEM), American students’ test results in mathematics compared to those in other 

developed and less developed countries are less competitive (Mullis, Martin, Foy, & 

Arora, 2012). While we have seen some signs of improved performance in recent years, 

these improvements are not yet evident among high school students. Yet, newly released 

ACT (American College Testing) scores used for college admissions show that only fno 

in ofof graduates of the class of 2011, who took the exam, met four key benchmarks that 

show readiness for success in the first year of college.  Forty-eight percent of students in 

the class of 2011 met the mathematics benchmark (ACT, 2012). This trend continues in 

college, where there has been an increase in the number of student whose enroll in a 

remedial mathematics course (National Conference of State Legislatures, 2013) and a 

decrease in the number of STEM-related graduates (Vigdor, 2013). In fact, the report 

Solving America’s Mathematics Education Problem by Duke Professor Jacob L.Vigdor 

(2013) stated that “the proportion of new college graduates who majored in math-

intensive subjects has declined by nearly half over the past 60 years” (2013, p.2). 

 A variety of factors can be barriers to the successful learning of mathematical 

concepts and skills.  These factors include math anxiety and motivation. "Negative 

feelings about mathematics can take a variety of forms. Some people suffer from fear of 

mathematics, while others have simply avoided the subject. Perhaps lack of confidence in 

their mathematical ability was at the root of their avoidance” (Zaslavsky, 1994, p.2). Poor 

achievement and poor grades in mathematics can be a result of math anxiety, as research 

shows anxious feelings disrupt working memory’s ability to manipulate and retain 

numbers and numerical expressions (Sousa, 2008). 

 The deficiency in student achievement is documented by the Third International 
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Mathematics and Science Study (TIMSS) 2011  in which the United States fourth graders 

ranked above the international average in science and mathematics, eighth graders were 

in the middle of the field, and graduating high school students ranked well below the 

international average (Mullis, Martin, Foy, & Arora, 2012). Reading and learning are 

constructive processes within which each learner actively draws on prior knowledge and 

experience to make sense of new information. Vacca and Vacca (1999) stated that a 

student's prior knowledge is “the single most important resource in learning with texts” 

(p. 25). Activating students' prior knowledge prepares them to make logical connections, 

draw conclusions, and assimilate new ideas. In order for the teacher to teach students a 

new lesson, he needs to help students remember the old concepts that are needed for the 

new lesson.  

Effective teachers monitor students’ abilities and respond to students’ needs. One 

of the challenges faced by teachers is that for a teacher to build on students’ prior 

knowledge and teach every student according to their needs, it’s going to take a long 

time, especially in upper grades because of the comprehensiveness of the content. For 

example, if the teacher wants to teach the students how to solve linear equations in 

Algebra I, he may find out those students do not know how to add, subtract, multiply, or 

divide fractions, work with decimals or how to use negative numbers in operations.  

Brain research has shown that the brain changes both structures and functions in 

response to experience (Wills, 2009). Learning occurs when neurons make connections 

with each other, weaving and expanding the web of links in the brain. Neurons make 

faster connections when learning is situated in the environment that offers rich stimuli 

and values each unique learner (Wang, 2006). During engaging, motivating, brain-
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compatible learning activities, new information connects with prior knowledge. “The 

evidence from brain-imaging research reinforces the need for classrooms to once again 

become the places where the imagination, spirit, and curiosity of students are embraced, 

rather than left in the playground when the school bell rings” (Willis, 2007, p.37). 

Understanding how the brain learns and relating it to the educational field resulted in the 

concept known as brain-based learning. It is defined as any teaching technique or strategy 

that utilizes information about the human brain to organize how lessons are constructed 

and facilitated with emphasis placed on how the brain learns (Slavkin, 2004).  

Brain-based learning, therefore, offers a framework to enhance student learning. 

In the current study, new tools will be presented to students that are built on a list of 

major prior concepts needed in order for them to understand a new unit.  Students will be 

given self-assessment tools so they can figure out if they need to review any old concepts. 

Also, online multiple modalities tutoring tools (i.e. videos, texts, and graphs) will be 

provided to help students activate their prior knowledge. Brain-based learning strategies 

will be used to select these online activities. Ball (2008) postulated that emerging 

technologies can be used to enhance the motivational levels of students. He also stated 

that new technology plays a vital role and gives learners an opportunity to communicate 

and interact with multi-media learning resources and simulated environments. 

 The goal of this research was to provide web based-enhanced tools to motivate 

students to work toward a greater understanding of mathematical concepts by building on 

their prior knowledge and making personal connections with the mathematics. The 

strategies and activities described in this study were developed or selected by the 

researcher using brain-based learning research. In this research, the researcher tried to 
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measure the effectiveness of using technology to enhance students’ prior knowledge of 

mathematical concepts related to their current mathematical course work. Specifically, 

the two main objectives of this study are: 

1. To develop a relation between using technology that builds on brain-based 

learning to review prior skills and its effectiveness on students’ mathematics 

achievement. 

2. To examine the role of technology to activate students’ prior knowledge and 

students’ self-perception about learning mathematics. 
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 CHAPTER II 

LITRUTURE REVIEW 

Definition of Terms 

Math anxiety: a sequence of cognitive, affective, and behavioral responses to situations 

involving mathematics 

Self efficacy: The belief that one has the power to produce that effect by completing a 

given task or activity related to competency 

Self perception: An awareness of the characteristics that constitute one's self; self-

knowledge 

Brain –based learning: Taking what we know about the brain, about development and 

about learning and combining those factors in intelligent ways to connect and 

excite students’ desire to learn 

Multimodal learning: An embodied learning situation which engages multiple sensory 

systems and action systems of the learner 

           Students need to be literate in mathematics in order for them to be able to compete 

in the professional job market. A quadratic function may not ever be used by many in real 

life, but the subject of mathematics is used every day by building critical thinking and 

problem-solving skills (Scherer, 2004).   While recent data from educational statistical 

sources show that schools are trying to adopt many tools, including technology tools, to 

improve mathematics achievement, scientists and educators are trying to find out why our 

students do not achieve in mathematics. Further research is needed to show that these 
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tools can improve the academic achievement of students in mathematics. In this 

comprehensive literature review math anxiety, the use of technology in education, and 

brain-based learning will be covered.  

Math Anxiety 

          Math anxiety is a major factor that leads students to detour from mathematics 

related careers and education (Tobias & Weissbrod, 1980). In his book, Fear of Math, 

Zaslavsky (1994) collected 500 autobiographies from different ethnic/racial backgrounds, 

ranging in age from 14 to 61 relating to their fear and avoidance of mathematics. "A 

common thread runs through most of the autobiographies. These victims feel powerless, 

out of control, lacking in self-esteem" (p.15). 

What is Math Anxiety? 

 Math anxiety is a psychological state engendered when a person experiences (or 

expect to experience) a loss of self-esteem in confronting a situation involving 

mathematics (Akst, 1981). This feeling can discourage students from wanting to learn 

mathematics and it can be associated with “feeling of panic, helplessness, inability to 

think, and even physical symptoms such as nausea, fainting, or headaches” (Akst, 1981, 

p. 58). Researchers have found a correlation between mathematics achievement and math 

anxiety (Haiyan, 2011; Miller & Bichsel, 2004; Prieto & Delgado, 2007).  Mathematics 

achievement tests and poor math performance on them are related to mathematics anxiety 

and math anxiety is related to negative feelings toward mathematics (Zaslavsky, 1994). 

The Effect of Math Anxiety 

 Emotion is present in any learning situation. Sometimes emotions are positive 

which help the student feel comfortable around that subject.  However, if emotion is too 
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high or intense, the result may be paralysis rendering them immobile (Akst, 1981). Math 

anxiety may produce feelings of tension, apprehension or fear which can in turn impair 

mathematical performance (Mazzocco & Berch, 2007). For example, students who have 

math anxiety have a fear of asking questions because they are apprehensive that people 

will know how much knowledge they lack. Tobias (1978) explained the reasons why 

young students did not ask enough questions is that many of them were caught between a 

fear of appearing not smart in class and a fear of being too smart in mathematics. 

 Math anxiety certainly affects the feelings students have about the content they 

are being asked to master which, in turn, may hinder students’ capabilities of learning 

mathematics (Zientek, Yetkiner, & Thompson, 2010). Researchers suggested that if math 

anxiety levels are not dealt with, the students in junior high and high school who continue 

to display high levels of anxiety may be the ones who enter remedial mathematics 

courses at post-secondary level. Evidence of students’ poor performance, poor attitudes 

and high levels of anxiety toward mathematics is also reflective in the declining 

mathematics scores on the Scholastic Aptitude Test (SAT) (Furner & Gonzalez-DeHass, 

2011).  

 Math anxiety absorbs memory and makes it harder to learn mathematics (Ashcraft 

& Kirk, 2001). Students who have math anxiety not only have negative feelings towards 

mathematics, but also toward themselves.  High math anxiety also leads to a decline in 

math self-efficacy (Ahmed, Minnaert, Kuyper, & van der Werf, 2012; Hoffman, 2010). 

Self-efficacy is a person’s belief that he or she can successfully perform a behavior 

required to produce a given outcome (Zimmerman, Bandura, & Martinez-Pons, 1992). In 
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other words, math self-efficacy is one’s confidence and belief in his ability to 

successfully complete mathematically related tasks or problems. 

Causes of Math Anxiety 

 Math anxiety, like test anxiety, may be composed of two major components: 

memory of past experience and emotion (Furner & Gonzalez-DeHass, 2011). Math 

anxiety is not something people are born with; math anxiety is related to students’ 

experience with mathematics and the notion that mathematics is something to be dreaded 

begins in the child's first years in school. Math anxiety can become a generational 

problem, with adults uncomfortable with mathematics passing negative feelings onto 

their children. For example, Bouchey and Winston (2004) found that parents’ perceptions 

of their children’s abilities as well as their own values about mathematics and science 

were related to their children’s later self-perceptions and values for achieving in these 

domains. 

 Teachers and the school systems may also lead to increased math anxiety among 

students. Oberlin (1982) stated many teaching techniques could cause math anxiety such 

as assigning the same work for everyone, covering the book problem by problem, 

insisting that there is only one correct way to complete a problem, giving written work 

every day, and assigning math problems as punishment for misbehavior. Other causes of 

math anxiety include students spending excessive amounts of time relearning what they 

had been previously taught and lack of exposure to everyday applications of the material 

being covered (Brush, 1981). 

  Some studies report women have higher mathematics anxiety than men and as a 

result are less likely to seek mathematics careers (Baloglu& Kocak, 2006; Tocci & 
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Engelhard, 1991).  Byrnes and Takahira (1993) found that it is not one’s gender that 

matters as much as one’s prior knowledge. Additionally, school system and 

administration may place pressure on teachers to have their students perform well on 

standardized tests. In response, teachers spend large amounts of time having their 

students take pretests in preparation for the standardized test. This leads to a great deal of 

pressure for students (Furner & Berman, 2003; Stemhagen, 2011) and further increases 

levels of math anxiety. 

Preventing and Reducing Math Anxiety 

Zientek, Yetkiner, and Thompson (2010) suggested that junior high teachers need 

to be aware they are teaching students at a time when students are often beginning to 

exhibit higher levels of math anxiety, and, therefore, teachers can play a pivotal role in 

reducing anxiety levels. Students who exhibit debilitating levels of math anxiety are 

probably less likely to enroll in higher level mathematics courses. In order to encourage 

students to enroll in more academically rigorous classes, student anxiety levels must be 

reduced to a level that is not academically debilitating. 

 If schools are going to do something to improve mathematics competencies they 

need to enhance the children's self-belief and promote their positive engagement with 

mathematics. They also need to develop strategies to reduce the negative attitudes toward 

mathematics, such as anxiety and negative parental attitudes (Martin, Anderson, Bobis, & 

Vellar, 2012). 

The National Council of Teachers of Mathematics (NCTM) (1989, 1995b) made 

several suggestions for teachers to prevent math anxiety. These suggestions include 

accommodating for different learning styles, creating a variety of testing environments, 
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designing positive experiences in mathematics classes, refraining from tying self-esteem 

to success with mathematics , emphasizing that everyone makes mistakes in mathematics, 

making mathematics relevant, letting students have some input into their own 

evaluations, allowing for different social approaches for learning mathematics, 

emphasizing the importance of original, quality thinking rather than just manipulation of 

formulas, and characterizing mathematics as a human endeavor. Furner and Berman 

(2003) further expand on activities that can assist in reducing math anxiety such as 

discussing and writing about math feelings, becoming acquainted with good mathematics 

instruction as well as study techniques, being an active learner and creating problem 

solving techniques, evaluating one's own learning, building confidence in mathematics 

through gradual, repeated success, and developing calming, positive ways to deal with 

fear of mathematics (e.g., visualization, positive messages, and relaxation techniques). 

Tobias (1978) also suggested that students can learn to recognize their feelings of panic, 

and be able to move past them in order to work on a problem, thereby reducing their math 

anxiety during homework, quizzes, or test.  

 Teachers play an active role in both helping to prevent and reduce math 

anxiety in their students. Therefore, it is important that all teachers have a strong 

knowledge and pedagogical base for teaching mathematics. Erdogan and Sahin (2011) 

suggested that teachers should give feedback to their students having math anxiety in 

order to increase their achievement motivation. In addition, teachers may first present 

problems that students understand clearly and can be solved easily in order to raise therf 

self-efficacy beliefs in mathematics. 
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 Treatments for math anxiety have generally involved helping students regulate 

their emotions. Although such programs are likely to reduce anxiety, findings by 

Fredrickson and Branigan (2005) contend that positive emotions such as joy, interest, and 

feeling of mastery motivate children to explore, to learn, to be open to new information, 

and to participate in activities. Students who perceived their classroom environments as 

more caring, challenging, and mastery oriented had significantly higher levels of math 

self-efficacy and higher levels of math self-efficacy positively predicted math 

performance. 

 Ferla, Valcke, and Cai (2009) indicated that students' academic self-concept 

strongly influences their academic self-efficacy beliefs. In their study, academic self-

concept refers to individuals' knowledge and perceptions about themselves in academic 

achievement situations. Academic self-efficacy refers to individuals' convictions that they 

can successfully perform given academic tasks at designated levels. Academic self-

efficacy items usually start with ‘how confident are you…’. In contrast, self-concept 

items such as ‘I have always been good at mathematics’ are clearly more aimed at 

measuring students' self-perceived academic ability. Larwin (2010) also revealed that 

higher levels of math-self-efficacy and higher levels of teachers’ expectations were 

associated with higher mathematics achievement scores. 

Call for Intervention and the Importance of the Prior Knowledge 

 As mathematics is a highly cumulative subject, a missing link within the skill 

sequence can damage the understanding of new, related concepts. Burns (2007) 

introduced nine strategies that are essential to successful intervention instruction for 

struggling mathematics learners including those with math anxiety. Most of these 
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strategies are often applied in a supplementary setting, but teachers can use some of the 

strategies in large-group instruction.  These strategies include determining and 

scaffolding the essential mathematics content, pacing lessons carefully, building in a 

routine of support, fostering student interaction, making explicit connections, 

encouraging mental calculations, helping students use written calculations to track 

thinking, providing practice, and building on vocabulary instruction. 

 The research of Ineson, Jung, Hains, and Kim (2013) and Wu, Lowyck, Sercu, 

and Elen (2013) indicated that self-efficacy is influenced positively by prior knowledge 

and prior ability. Thus, students’ prior knowledge plays a crucial role on both self-

efficacy beliefs and task performance. Based on the work of Johnson and Taylor (2006) 

regarding the role of cognitive neuroscience in adult learning, new learning is dependent 

on what is already known; that the brain sees the larger conceptual picture before it sees 

the conceptual details. The brain responds well to novel ideas in teaching known as 

emotional hooks. Tockuhama-Espinosa (2010) wrote about the importance of an active 

brain in the teaching and learning process. She further contended that connecting new 

information to prior knowledge facilitates learning, and students learn better and faster 

when they can relate new information to things already known. Brain research shows the 

importance of activating prior knowledge to learn and store new information. When 

students learn the information, it will be stored first in their short memory until they 

simultaneously activate their prior knowledge then they start to store it in their long term 

memory (Willis, 2009). 

 Teachers can use blended learning, where a portion of the traditional face-to-face 

instruction is replaced by web-based online learning, to help students learn and review 
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prior concepts that they need to grasp the new mathematics concepts. With blended 

learning or instruction, teachers can use online tools and resources as part of their 

classroom instruction to activate students’ prior knowledge. Using many of the online 

tools and resources students already are using for social networking, blended learning or 

instruction helps teachers find an approach that is more engaging for this generation of 

students (Pape, 2010). Blended learning/instruction extends teaching and learning beyond 

the brick and mortar classroom walls, developing critical thinking, problem solving, 

communication, collaboration and global awareness (Pape, 2010). Through blended 

learning, these online interventions reduce the burden of high-pressure situations and 

math anxiety and, at the same time, help students gain self-directed skills (Beilock & 

Ramirez, 2011). 

 Self-directed learning is commonly defined as  a “ process in which individuals 

take the initiative with or without the help of others in diagnosing their learning needs, 

formulating goals, identifying human and material resources, selecting appropriate 

learning strategies and evaluating learning outcomes” (Knowles, 1975, p. 18). Students 

who are effectively engaged in self-directed learning are more creative and curious. 

Those students also exhibit greater performance in the classroom. In addition, they are 

more satisfied in their life and have a more accurate direction regarding their future 

aspirations (Edmondson, Boer, & Artis, 2012). 

Technology 

          As researchers agree that activating prior knowledge is a main tool for improving 

student achievement (Hailikari, Katajavuori, & Lindblom-Ylanne, 2008), one challenge 

of the high school mathematics classroom is there is often note enough time to help all 
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students address their prior skills. Teachers may help students in the learning process to a 

certain level and only during school hours. Computers allow students to continue their 

studies at home and act as a tutor for students who are falling behind. New technology 

also allows students to advance at their own pace. The National Council of Teachers of 

Mathematics (NCTM, 2000) stated that technology is one of six principles of 

mathematics learning. With the appropriate use of technology, students can develop 

deeper understanding of mathematics. Technology can help support investigation by 

students in every area of mathematics and allow them focus on decision making, 

reflection, reasoning, and problem solving. (NCTM, 2000) 

Sethy (2012) stated that technology allows learners to gain many skills, such as 

research skills (ability to explore new ideas, thoughts, and events), application skills 

(ability to apply learning in different situations), organizational skills (ability to arrange 

things systematically), and lifelong learning skills. With these skills, learners can develop 

analytical skills which will help them greatly in their learning process. 

Effects of Computers on Achievement 

 Technology helps students explore mathematical concepts, increase their 

mathematical problem solving skills, and help develop mathematical understanding 

(Manouchehri, 1999). Lower-performing students in mathematics who use computer 

technology in their study significantly outperform other students who had no access to 

computer technology (Shirvani, 2010). An attitude survey showed that students who used 

computer technology developed better attitudes towards mathematics. In addition, 

teachers claim that implementing technology into their teaching makes their lesson more 

interesting and helps students become engaged in what they are learning (Valiande & 
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Tarman, 2011). 

 Research studies have shown that when technology is utilized effectively in a 

classroom, learners will have higher mathematics achievement. O’ Dwyer, Carey, and 

Keiman (2007) selected 213 students who were enrolled in an online Algebra I class and 

another 207 eighth and ninth grade children who were registered in traditional classes. 

This research found that students in the online algebra classes outperformed students in 

traditional classes. Sadiq (2008) designed a game which helped students learn about 

geometric transformations such as reflection and symmetry. The research discovered that 

children significantly improved their knowledge of geometric transformation.   

 O’ Callaghan (1998) compared an algebra class which used computers with a 

traditional classroom. The author found that in computer-instructed classrooms, students 

gained a deeper understanding of mathematical concepts and were better able to interpret, 

model and translate the concepts. Deju (2010) concluded that using the application of a 

multimedia and network teaching model in the classroom enhanced learners’ interests 

and enthusiasms as well as provided attention to learners’ individual differences. The 

teaching model of multimedia and network was found to improve the teaching quality 

and students’ ability of applying knowledge in practice. 

 Technology can be used to fine tune learning for a particular student based on his 

or her learning ability, and technology allows students to receive immediate feedback. It 

also provides students with immediate reinforcement, and it motivates their learning 

experience (Tshibalo, 2007). Shirvani, (2010) mentioned that the use of technology helps 

create a student-centered environment, in which students are actively involved in learning 

mathematics. According to teachers, the implementation of technology accommodates 
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differentiated teaching in an effective way since it allows students to work according to 

their readiness level, their own work pace, and their learning profile and interests 

(Valiande & Tarman, 2011).  Many studies focus on using technology in online-tutoring. 

Aleven, Kay, Arroyo, Royer, and Woolf (2011) evaluated software interventions to 

improve strategies and fluency and tested their relative magnitude on mathematics post-

tutor performance. They suggested that online- tutors can be enhanced with mathematics 

fluidity training activities that help students to make calculations automatically with 

minimal memory load. Freeman (2012) studied the impact of a digital mathematics 

intervention on secondary English language learners (ELL). The primary finding was that 

through its direct effect on increasing students’ mathematics ability and its indirect effect 

on increasing students’ perceived math self-efficacy, the digital intervention improved 

students’ perceptions of their functioning in doing mathematics.  

 Sethy (2012) argued that the intervention of suitable and advanced technology 

helps learners to develop their cognitive skills and assists in their learning activities. The 

expression ‘cognitive skills’ is defined as any mental skills that are used in the process to 

acquire knowledge (Askar & Altun, 2009). Cognitive skills will be able to provide a 

personalized path for each learner, based on his progress and responses. Cognitive skills 

assists learners on identifying images, analyzing sounds, recapitulating information, 

searching facts in memory, learning scientifically, and arguing logically (Sethy, 2012).  

 Attwell and Hughes (2010) prepared a literature review in order to identify new 

and engaging pedagogies using technology, “determine what constitutes effective use of 

technology in teaching and learning, to examine new developments in teacher training 

qualifications in order to ensure that they are at the cutting edge of learning theory and 
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classroom practice, and to make suggestions as to how teachers can continually update 

their skills” (Attwell & Hughes, 2010, p.4). Teacher should determine what they need to 

teach first and then try to investigate the technologies that can be used to support this 

need. 

 No one can deny the reality of technologies impact on education, but there is still 

a strong debate concerning the effectiveness of information technology. Wilfred (2008) 

found that students in traditional classes who did not use computers had significantly 

higher scores than the groups who were assisted with computers in mathematics classes. 

Another study found that when a mathematics software game was investigated for its 

effectiveness, it failed to improve student mathematics learning (Neimeyer, 2006). Test 

scores were not significantly higher in classrooms that use reading and mathematics 

software products (Miners, 2007). Patrick (2001) mentioned that there was no significant 

difference in scores on the final exams between students who used computers along with 

lectures in a mathematics course and students who had no access to this technology in 

their classrooms.   

  Technology is by no means a neutral tool, ready to serve us.  One issue that 

continues to resurface concerning online courses is ‘What is the best way to deliver the 

information and facilitate learning for the student?’ (Bolliger & Martindale, 2004). There 

are other studies that connected the effectiveness of using technology in the classroom 

with other factors. Level of education, teaching experience, teaching experience with 

technology, school technology support, school professional development, access to 

technology, grade level, and average students per class are all classified as factors that 

affect the use of technology in the classroom (Ritzhaupt, Dawson, & Cavanaugh, 2012). 
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Cheung and Slavin (2013) identified and examined different factors such as types of 

intervention, year of publication, grade level, program intensity, level of implementation, 

and socio-economic status on students’ achievement. They found out that students’ 

achievement varied by using different educational technology applications. They also 

found that the use of technology had a bigger effect on elementary students than 

secondary students. In the same time there were larger effects on the students that use the 

computers more than 30 minutes a week than those that required less than 30 minutes a 

week. The authors also found no improvement over time in effects of technology on 

learning.  Additionally, students use a narrower range of technology tools when using 

them in a learning context. Therefore, it is important to scaffold the effective use of 

technology prior to having students use this technology (Thompson, 2013).  Teachers 

also need to help students develop strategies for managing the distractions of technology 

that is sometimes interfering with study time. 

 Wang (2006) described a learning environment that combines technology learning 

with student empowerment pedagogy. He focused on the essential aspects of student 

empowerment including autonomy (motivated and self-directed learners), equality 

(transforming the power structure) and skill building (identity formation), and 

demonstrated how technology could be used to support the development of these 

characteristics. Wang’s study supported the idea that when provided with challenging and 

nurturing space for intellectual growth and development, every student can fulfill his 

potential to learn, to lead and to excel. Findlay (2010), suggested factors that should be 

considered when attempting to create a technology-rich teaching and learning 

environment, especially for millennial students. These factors  include the use of sound 
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principles of teaching and learning such as cognitive neuroscience learning theories and 

active learning; designing the instruction based on brain research and how it impacts the 

teaching learning process; designing the instruction to facilitate maximum motivation of 

millennial students; assess the ability of the technology to support the instruction rather 

than as a panacea for effective teaching; use the technology to create emotional hooks -

novel ideas in teaching; use the technologies that millennial students bring into the 

classroom to facilitate motivation and learning; recognize that the majority of millennial 

students are technologically savvy; and recognize that most millennial students have a 

great ability to grasp new concepts. 

The first two factors involve using brain-based learning theory to develop 

technology tools for the classroom. As part of this research study, the tools used to 

enhance student learning in mathematics will be founded in this theory. 

Brain-Based Learning 

          Over the years, educators at all levels have been using technology in their 

classrooms to augment teaching and learning. However, educators have given very little 

attention to the use of technology, based on brain-based research findings (Findlay, 

2012). In recent years, there has been a surge in cognitive neuroscience, which is 

concerned with an understanding of the mental processes that take place in the brain 

during learning (Findlay, 2012). Some neuroscientists referred to this phenomenon as the 

new science of teaching and learning, the intersection of cognitive neuroscience, 

education, and psychology (Tokuhama-Espinosa, 2010).  The neuroimaging research 

supports the concept that students experience a greater level of understanding when they 

discuss and inquire about information rather than just passively listen to a lecture or read 
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a text. During engaging, motivating, brain-compatible learning activities, new 

information connects with prior knowledge, information processing is not blocked by 

affective filters, and dopamine release increases attention and cognition. This is when 

information becomes knowledge (Willis, 2007). The Medical Investigation of 

Neurodevelopmental Disorders (MIND) Research Institute found that all learners, 

including English Language Learners, become engaged and make solid progress by 

following this non language-based introduction to mathematics. The study was conducted 

on more than 15,000 elementary school students using software based on neuroscientific 

research to boost their mathematics proficiency and gain critical thinking skills as they 

solve mathematics problems in the form of visual puzzles and games before being 

introduced to abstract mathematics language and symbols (Brown, 2009).  

 In a different study, Kolonay and Kelly-Garris (2009) implemented the Fast 

ForWord reading intervention software from Scientific Learning in the high school 

setting. The software is based on more than 30 years of neuroscientific cognitive research 

and uses computer-delivered exercises to build the cognitive skills that are required to 

read and learn effectively. The goal in implementing this technology was to accelerate 

students’ learning by boosting the brain’s fitness to process incoming information more 

effectively and efficiently. The result revealed that student performance improved as a 

result of the brain-based learning and technology implementation. On the district wide 

assessment, students gained an average of 1.1 years in reading skill levels in 30 days. In 

addition, the district also experienced increases in attendance, decreases in behavior 

problems, and increases in confidence.  
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What Is Brain-based Learning 

 Before discussing brain-based learning, it is helpful to have a simple idea of how 

the brain learns. Hannaford (1995) described how the brain learns by brief brain anatomy; 

in the brain there are trillions of neuron cells. Neurons are adapted specifically for 

transmission of electrical messages throughout the body and learning takes the form of 

communication among neurons. As we receive sensory stimuli and initiate movements, 

neurons form extensions called dendrites to other neurons. The process of nerves cells 

connecting and networking are related to learning and thought. Whenever we engage in a 

new behavior, the brain rewires itself. The brain continuously wants to learn and always 

searches for meaning. 

 Jensen (1995) defined brain-based learning as learning in accordance with the 

way the brain is naturally designed to learn. It is a multidisciplinary approach that is built 

on the fundamental question, “What is good for the brain?”. Although a brain-based 

approach does not provide a recipe to follow, it does encourage teachers to consider the 

nature of the brain in their decision-making process. By using what they know about the 

brain, teachers can make better instructional decisions reaching more learners. 

 Brown (2012) showed in his study, a mind, brain and education approach has 

improved student achievement and school culture. His model aims to teach students to 

make smart decisions in systematic, intentional, and sequential way. Samur and Duman 

(2011) showed that there is a direct relation between technology built on brain-based 

learning and students’ achievement in English class. But there were no significant 

differences found in terms of attitudes between students in their experimental and control 

groups. In studies conducted by Awolola (2011) and Duman (2010), researchers 
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evidenced that using brain-based learning can increase student achievement in 

mathematics better than conventional instructional methods. While the previous 

researchers focused on the relation between students’ achievement and brain-based 

learning, Saleh (2011) found a direct effectiveness link between brain-based learning and 

student motivation toward the subject of physics. 

 Fogarty (1997) divided Caine and Caine brain-based principles into four practical 

categories that teacher can use in the classroom: 

1) Setting the climate for thinking; this category included brain research on 

physiology, emotions, and environment. This category included Caine and 

Caine principles: Learning is enhanced by learning; emotions are critical to 

pattering; and learning involves both focused attention and peripheral 

perception. 

2) Teaching the skills of thinking; this category included brain/mind intellect 

and skill development research. This category included Caine and Caine 

principles: The brain processes parts and wholes simultaneously; the brain 

has a spatial memory system and a set of systems for rote learning.  

3) Structuring the interaction with thinking; this category included experiential 

learning, active learning, and constructivist research. This category included 

Caine and Caine principles: The brain is a parallel processor; learning is 

engaging the entire physiology; each brain is unique; and understanding and 

remembering occur best when facts and skills are embedded in natural, 

spatial memory. 
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4) Thinking about thinking; this category included deep understanding, transfer 

of learning, and authentic assessment research. This category included Caine 

and Caine principles: The search for meaning is innate; the search for 

meaning occurs through pattering; and learning always involves conscious 

and unconscious processes.(pp.54-56) 

Caine and Caine (1990) Brain-based Principles  

The brain is a parallel processor. The brain is always doing many things at one 

time (Caine & Caine, 1990). Parallel processing is the ability of the brain to 

simultaneously process incoming stimuli of differing quality. So the brain is multitasking 

and can accomplish many tasks at the same time. Basavanthappa (2007) stated that the 

brain has four types of lobes. These lobes are the occipital lobes which are the primary 

areas of visual reception; the parietal lobes which interpret sensations of touch, taste, 

pain, temperature, and language interpretation; the temporal lobes which process auditory 

input; and the frontal lobes which process problem solving, decision making, thoughts, 

and emotional experiences.  

Learning engages the entire physiology. Learning is a function as natural as 

breathing, and it can be either inhibited or facilitated (Caine & Caine, 1990). Learning 

involves the heart, mind, and body (Fogarty, 2009). The teacher must consider that 

everything that affects physiological functioning affects a student's capacity to learn such 

as stress, culture,  nutrition, exercise, and relaxation. Jensen (2008) presented many tools 

to resolve high stress issues including those that give students the necessary resources to 

solve a problem, offer them sufficient time to learn, train students to manage their stress 
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and seek help if they need it, teach student how to have a sense of control over a bad 

situation, and encourage positive relation among learners. 

The search for meaning is innate. The brain's quest to make meaning out of 

experience cannot be stopped; it can only be channeled and focused (Caine & Caine, 

1990). Jensen (2008) stated the requirement for authentic and meaningful learning is 

“that students process information in their own way, along their own time line, and in 

relation to their own perceptual maps” (p.178). So the learning environment must provide 

novelty, discovery, and challenge in instructional activities. Role plays, games, group 

projects, rich and relevant problem based learning are activities that can engage the brain 

automatically and allow students to think. 

The search for meaning occurs through “patterning”. The brain naturally and 

constantly seeks order, integration, and structure in day-to-day experience (Caine & 

Caine, 1990). A teacher should present activities that allow students to extract patterns 

and relationships from unrelated or random information. Sabitzer (2011) stated learning 

is especially effective, when it makes sense. Teachers can give references to the students’ 

personal life and environment. Students are motivated and learn more easily when they 

have a reason and know why they have to learn a specific content (Sabitzer, 2011). 

Teachers should link new information to current knowledge so the brain can fit the new 

information into its existing schema in memory (Fogarty, 2009). Jensen (2008) described 

the best way that help students look for pattern and construct meaning is when the 

teachers give choices to students and provide many informational resources so the 

students can create real meaning in the learning from scratch. 
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Emotions are critical to patterning. The attitudes and experiences we bring to 

the learning environment affect the patterns we extract from the learning environment 

(Caine & Caine, 1990). “Emotions are critical part of learner’s ability to think rationally 

and experience meaning” (Jensen, 2008, p.181). It is the teachers’ responsibility to offer 

students with a positive and safe environment to learn. Caine, Caine, McClidntic, and 

Klimek (2005) stated that student learn in an environment that gives them choice and 

freedom to pursue work of personal interest.  

Every brain simultaneously perceives and creates parts and wholes. While the 

two hemispheres of the brain process information differently; this processing is 

interactive (Caine & Caine, 1990). Students understand and retain information better 

when they are exposed to the whole or larger picture. Using umbrella themes (connecting 

group of lessons under common theme), graphic organizers, projects, case studies or 

problem-based learning are different tools to help student see the big picture. Every part 

in the brain is responsible for a specific task but when the student sees the big picture his 

brain connects to different parts and makes a new wire connection (Fogarty, 2009). 

Learning involves both focused attention and peripheral. The brain absorbs 

information of which it is both directly and indirectly aware (Caine & Caine 1990). 

Peripheral materials can include charts, illustrations, technological tools, music, and 

artworks, in addition to the traditional concerns for light, temperature, and noise 

(Sabitzer, 2011). Fogarty (2009) defined focused attention as when the brain is focused 

and alert and ready to connect to the incoming information. 

Learning always involves conscious and unconscious process. The brain has 

the ability to process large amounts of peripheral information so we learn much more 
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than we can acknowledge (Caine & Caine, 1990).  Sabitzer (2011) represented one 

possibility to increase learning success is to use some unconscious memory processes that 

support the function of sensory and working memory. Examples of these processes are 

the modality or multimedia effect in learning by playing or game-based education. Using 

unconscious memory processes in teaching increases curiosity and attention of the 

students. On the other hand, these activities involve memory functions and cognitive 

effects that may increase the learning success.  

We have two types of memory: A spatial memory system and a set of systems 

for role learning. (Fogarty, 2009) defined these two types of memory systems as explicit 

and implicit memory systems. The explicit memory system requires practice and 

repetition, whereas, the implicit memory system relies on experiences that invoke a more 

natural, spatial memory. Sousa (2008, pp.50-60) introduced two types of memory, 

including temporary memory and permanent memory. Temporary memory is immediate 

memory or working memory. Immediate memory is a place where we put information 

briefly until we make a decision on how to dispose of it. Immediate memory operates 

subconsciously or consciously and holds data for up to about 30 seconds. The 

individual’s experiences determine the degree of the information’s importance. 

 Working memory is a place of limited capacity where we can build, take apart, or 

rework ideas for eventual disposal or storage somewhere else. When something is in 

working memory, it generally captures our focus and demands our attention. Working 

memory can handle only a few items at one time. The continued reprocessing of 

information is called rehearsal. Rehearsal is a critical component in the transference of 

information from working memory to long-term storage (Sousa, 2008). 
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The brain understands and remembers best when facts and skills are 

embedded in natural spatial memory. Learning is most effective when it occurs in 

connection with ordinary experiences. Teachers can be effective when they offer many 

experiential learning opportunities, such as classroom demonstrations, field trips, 

individual and team projects, visual imagery, stories, and content integration. Learning is 

powerful when it is embedded in an experience that affords dialogue and discussion 

(Fogarty, 2009). 

Learning is enhanced by challenge and inhibited by threat. The brain loves a 

challenge by nature (Fogarty, 2009). In a challenging environment the learner is engaged 

in activity and experiences feelings of optimal energy. Fogarty (1997) documented many 

activities teacher can use to challenge the students’ brain such that higher-order 

questioning, interactive dialogue and the three- story intellect. As explained by Costa 

(2008), three-story intellect questions include First Story or data gathering questions (i.e. 

complete, count, define, describe, identify, list, match, name,…..), Second Story or 

processing level questions (i.e. compare, contrast, classify, sort, distinguish, 

explain(why), analyze, reason,…..), Third Story are the beyond the skylights questions 

(i.e. evaluate, generalize, imagine, judge, predict, apply a principle,…..). 

Each brain is unique. Learning changes the structure of the brain, the more we 

learn the more unique we become (Caine & Caine, 1990). No two brains have exactly the 

same schema of prior knowledge because each brain has been exposed to different 

background experiences (Fogarty, 2009).  Teachers need to take the time to discover how 

students are wired so that quality differentiated instruction can be created for each student 

in the classroom (Shirley, 2012). This would allow for student to become familiar with as 
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many information resources as possible, use them frequently, and see them integrated 

throughout the curriculum. 

Brain-based Learning and Technology 

 By comparing the effective use of technology in education and the principle of 

brain-based learning theory, there are many research studies about the effectiveness of 

technology in education aligned with the brain-based learning theory. Tomkins (2007) 

developed a theoretical brain-based online course design model. Tompkins documented 

several elements of a brain-based online course design (as cited in Kelly, 2011). These 

elements include low-risk, non-threatening learning environment;  challenging, real-life, 

authentic assessments; rhythms, patterns, and cycles; appropriate chinking or grouping; 

learning as orchestration rather than lecture or facilitation; appropriate level of novelty; 

appropriately timed breaks and learning periods; purposeful assessments; learning that 

addresses visual, auditory, and kinesthetic learners; active processing with mental 

models; and the use of universal examples, analogies, and parallel processing. 
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CHAPTER III 

METHODOLOGY 

 To help students achieve in learning mathematics, teachers need to help students 

build confidence in their ability to do mathematics by closing the apparent gap in prior 

knowledge that students have before presenting new concepts. Tockuhama-Espinosa 

(2010) wrote about the importance of an active brain in the teaching and learning process. 

She contended that connecting new information to prior knowledge facilitates learning. 

 Students learn better and faster when they relate new information to things already 

known. 

 As students grow and become older, their mathematics courses become more 

abstract. So by high school, teachers face many challenges. One of the greatest challenges 

is that the teachers need to spend a long time from the class to re-teach the old concepts 

and meet every student’s needs. In this research, the hypothesis is that teachers’ use of  

technology that align with brain-based principles to activate students’ prior knowledge 

will increase students’ mathematics achievement scores and self-perception of learning 

mathematics.   

Research design and measurement tools 

 A quasi-experimental pretest-posttest research design research was conducted in 

one teaching unit in a high school geometry class. Students were divided randomly into a 

control and experimental group. The two groups learned the new unit in the same 

classroom setting with the same instructor. Students in the experimental group used 
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online lessons to review four prior knowledge concepts that were the basis for the new 

concept. Students in the experimental group were told to check their understanding and 

memory of the previously learned geometry concepts required for the new unit and to use 

an online website to activate the concepts that they needed to review. Students checked 

their prior knowledge independently by taking self assessment tests. The online lessons 

that students used to review the old concepts are aligned with the principles of brain-

based learning. The research questions looked to measure the following objectives: 

1. Determine if a relationship exists between technology based on brain-based 

learning and mathematics achievement scores. 

2. To document the role of technology to activate students’ prior knowledge and              

students’ self-perception about learning mathematics 

The research questions were measured by collecting data from self-perception 

surveys related to students’ self-perceptions of mathematics and two geometry unit 

assessments. Students in the control group and experimental group took a self-perception 

survey and a pre-geometry unit assessment before the experiment. They then took the 

self-perception survey and post-geometry unit assessment after the experiment. The 

research measured and compared students’ self-perception ratings about mathematics and 

student achievement in mathematics scores before and after using the technology to 

review the past concept for the new unit. 

 Independent data from the pre-geometry unit assessment and the post-geometry 

unit assessment as measured using an independent t-test to measure the students’ 

achievement. An independent t-test was used to measure the actual gain (the difference 

between the post-geometry unit assessment score and the pre-geometry unit assessment 
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score) for the actual total unit assessments scores for the control and the experimental 

groups. As these two tests were the school tests, the questions of the two tests were not 

aligned. For easier comparison between the pre-geometry unit assessments and the post-

geometry unit assessments, the concepts measure of the post-geometry unit assessment 

and the pre-geometry unit assessment were aligned. For example Question 5 in the pre-

geometry unit test is calculating the surface area of the sphere while Question 5 in the 

post-geometry unit assessment is naming the solids, at the same time Question 15 in the 

post-geometry unit assessment is surface area and the volume of the sphere. Pre-

geometry unit assessment questions were aligned with post-geometry unit assessment 

questions.  Gain scores were compared on questions 5 to 10 because the experiment’s 

four prior knowledge concepts reviewed focused on the content of these questions. The 

experiment does not affect the first four questions in the pre-geometry unit assessment 

content. 

The two geometry unit assessment results helped to compare the students’ 

achievement in the control group and the experimental group. To measure students’ self-

perception survey scores were analyzed by using paired t-test since the survey taken from 

the same group twice (repeated measures). The average scores for every individual 

question were compared for each group from before the experiment self-perception 

survey result and after the experiment self-perception survey were analyzed. The self-

perception survey used in the current research was adapted from a study by Skaalvik & 

Rankin, (1995). The survey was a modified version from SDQ II scale (Marsh, 1990). 

 Marsh claimed that students compare the self- perception of their own mathematics 

ability with the perceived abilities of other students and that they used these relativistic 
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impressions as one basis of their academic self-concepts. Examples of the self description 

questions are “I like math, I always prepare well for tests in math, and I wish I had 

mathematics classes….”. The original scale includes items measuring both the general 

feeling and emotional response in learning.  Additional items measuring perceptions of 

doing well or poorly can also be measured.  The scale is divided into five sections which 

measure mathematics self-perceived aptitudes, self-perceived ability to learn 

mathematics, mathematics intrinsic motivation, math anxiety, and mathematics effort. 

The survey is presented in Appendix A. 

 The self-perception surveys before and after the experiment measured students 

self perception about learning mathematics. This self-perception information provided 

information regarding the role of technology to activate students’ prior knowledge in 

learning about mathematics.  

Pre- and Post- geometry unit assessment measured students’ achievement. Both 

assessments were the district created common unit assessments. The assessments were 

aligned with the Common Core State Standards for Mathematics and measured common 

student learning outcomes from the new unit called “Surface Area and Volume of the 

Solids.”  These assessments investigated the effects of using technology that build on 

brain-based learning to review prior skills and their effectiveness on students’ 

mathematics achievement. Both pre- and post- unit assessments are included in 

Appendices B and C, respectively. 

Self Assessments and Website Modules 

 The two core tools were designed by the researcher. The website modules 

included four core prior mathematics concepts that students needed to review in order to 
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understand new concepts. These four concepts were 1) area of regular polygon, 2) 

circumference and area of the circle, 3) similar figures, and 4) solving a right triangle. 

The website modules were designed to be aligned with brain based learning principles. 

The other tool had four self assessment tests for the past mathematics concepts, each self 

assessment test measured one of the four past concepts (area of regular polygon, 

circumference and area of the circle, similar figures, and solving a right triangle).   

 In the new unit, students learned to calculate the surface area and volume of 

solids such as prisms, cylinders, pyramids, cones, and spheres. In order to calculate the 

volume of a pentagonal pyramid, as an example, students should have been able to 

calculate the area of the base which is the regular pentagon. The same held true for 

calculating the volumes of hexagonal prisms, and octagonal pyramid. One of the concepts 

that were reviewed in the modules was the area of regular polygons. Students should 

have also been able to solve a right triangle to calculate the apothem of the polygon 

which is required to calculate the area of the polygon. Students used the Pythagorean 

Theorem or trigonometric functions to calculate the height or the slant height in order to 

calculate the volume and the surface area of the cone and the pyramid. In order to 

calculate the surface area and the volume of the cylinder and the cone students should 

have been able to calculate the circumference and the area for their circular base. In this 

unit students were required to calculate the volumes of similar figures, so to refresh 

students’ memory included in the review concepts was similar figures. 

 The four self assessments were reviewed by a university mathematics professor. 

These assessments were taken by the students in the experimental group to measure their 

ability to retrieve their prior knowledge needed for the new unit “Surface Area and 
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Volume of the Solids”. Every assessment included six questions and the answers were 

provided in the back of each test.  The four assessments are listed in Appendices D, E, F 

and G. 

          The final tool used in this research is the technology Smart Choice website. A 

website was designed with activities that are aligned with the brain-based learning. 

Students used the website to enhance previously learned mathematics concepts. The 

website included review materials for the four prior concepts. Each concept was 

represented in a separate web page. The following examples demonstrate how the lesson 

activities were aligned with the twelve principles for brain based learning developed by 

(Caine & Caine, 1990) 

1. The brain is a parallel processor:  

The brain is always doing many things at one time. Students were learning 

lessons fn the website in varied ways that allowed them to access and 

explored resources such as texts, still graphics, videos, graphs, songs, charts, 

and online interaction games. They were able to read the text while they were 

listening to songs about the content.  

2. Learning engages the entire physiology:  

Learning is a natural function. The students used the website at home at 

the time they prefer and they studied the content at their own pace. To create a 

relaxing environment there was also a joke posted on the website and relaxing 

colors were selected for the background of the pages.  

3. The search for meaning is innate:  
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The brain's quest to make meaning out of experience cannot be stopped; it 

can only be channeled and focused. Provided are many real life examples for 

the concepts so that students can establish stability and familiarity. For 

example in Figure 1 below include a familiar picture of big and small giraffes 

as well as two pyramids as an examples of similar figures ( two geometrical 

objects are called similar if they both have the same shape but not necessarily 

have the same size). 

 

         Figure 1.  Similar Figures in Real Life Example 

 

4. The search for meaning occurs through “pattering”:  

The brain naturally and constantly seeks order, integration, and structure 

in day-to-day experience. Sabitzer (2011) stated learning is especially 

effective when it makes sense. The website modules gave students 

opportunities to interact with a variety of information discovering 

relationships within it. References to the students’ personal life and the 

environment were also given by adding many real life examples and giving 
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the students’ reasons to visit this website. Through the self assessments, the 

students in the experiment group were able to figure by themselves their 

strength and weaknesses and they knew why they were directed to visit these 

pages. Then while teaching the new unit students were able to link between 

the old concepts and the new concept and they were able to go back to the 

website to relearn any old concepts again (if necessary) while learning the 

new concept. 

5. Emotions are critical to patterning:  

The attitudes and experiences we bring to the learning environment affects 

the patterns we extract from it. By giving the opportunity for students to self 

assess their knowledge and get direct feedback by checking their answers with 

the back of the test page helped them increase their metacognitive 

perspectives about their own learning. The website modules allowed students 

to select the learning style that they prefer and it helped them become 

intelligent consumers of the information. It also offered many online self-

assessments, with direct feedback, that were used to help students assess their 

learning. 

6. Every Brain simultaneously perceives and creates parts and wholes:  

While the two hemispheres of the brain process information differently, 

this processing is interactive. Students understand and retain information 

better when they see the big picture of the mathematics content while relating 

the old concepts to the new lesson.  

7. Learning involves both focused attention and peripheral:  
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The brain absorbs information of which it is both directly and indirectly 

aware. In the website, there was a learning environment that takes into 

account the direct instruction students received and the indirect stimuli that 

affected and enhanced learners' experiences. Multimodality activities were 

used in the website that include graphs, videos, songs, texts in addition to the 

traditional concerns for background color, noise, and the length of these 

activities. eto bowsrho  activities were less than 15 minutes long in order to 

maintain the students attention.  

8. Learning always involves conscious and unconscious process:  

We learn much more than we can acknowledge because of the brain's 

ability to process large amounts of peripheral information. Students were 

allowed to process actively what they were learning in the website and build 

meaning to it when they learned the new concept. The modality or multimedia 

effect causes a deeper processing and storage of learning data that is dual or 

multiple coded (e.g. text and picture or spoken text and animation) and 

therefore reaches more senses. As you see in the website, multimodality tools 

were used to build the lesson. As shown in Figure 2 below, multimodality 

examples were used to help students review the circumference and the area of 

circle. The webpage included songs where students processed the information 

through hearing as well as many visual tools such as exploration through 

investigation, text, charts, and videos. 
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Figure 2.  Multimodality Examples 

 

9. We have two types of memory:  

Fogarty, (2009) defined two types of memory systems related to a spatial 

memory system and a set of systems for role learning. One is an explicit 

memory system, which requires practice, repetition, and rehearsal; the other is 

an implicit memory system that relies on experiences that invoked a more 

natural, spatial memory. The website taught the concept in many different 

ways, so students practiced repetition and rehearsal. As highlighted in figure 

2, students learned the circumference and the area of the circle through a song 

that repeated the formulas of the circumference and the area of the circle 

many times. At the same time, the video provided a visual proof of these 

formulas other links on this page included many self practice questions with 

answers.   
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10. The brain understands and remembers best when facts and skills are 

embedded in natural spatial memory:  

Learning is most effective when it occurs in connection with 

ordinary experiences. The use of many resources in the website modules 

were designed to have students explore the concepts through real world 

examples as a natural means of facilitating the learning process. An 

example of a real life problem is shown in Figure 3 below. 

 

 

Figure 3. Real Life Problem  

 

11. Learning is enhanced by challenge and inhibited by threat:  

In a challenging environment, the learner is engaged in activities and 

experiences feelings of optimal energy. The students used the website only if 

they needed to review a concept. Self-assessments helped students determine 

if they needed to visit the website or not. 



 

41 
 

12. Each brain is unique:  

Even though we all have a brain, they are integrated differently for each 

individual. Moreover, because learning changes the structure of the brain, the 

more we learn, the more unique we become. The website was built on 

differentiating instruction and offering a variety of activities to meet the 

students’ different learning styles such as videos and graphs for the visual 

learners, songs and lectures for the auditory learners, text and quizzes for the 

reading-writing preference learners, and exploration and investigations for the 

tactile learners. 

Note: All the materials: Survey, tests (pre-geometry unit assessment, post-geometry unit 

assessment, self assessment) are in the appendix of this thesis, and the link to the 

website is: https://sites.google.com/a/uwlax.edu/smart-choise/home). 

Study participants 

A group of high school geometry students from a high school located in a 

Midwestern school district participated in the study. The two main reasons for selecting 

high school students in my current research are that these students are about to enter 

college and need to learn mathematics independently and for the comprehensive prior 

knowledge these students need in mathematics. The students in this geometry class 

consist of two ninth graders, 16 tenth graders, and 8 eleventh graders, as well as one 

twelfth grader. There are 15 girls and 12 boys. Permissions from 16 students (10 girls and 

six boys) were received to conduct the research. The latest state report card about the 

selected high school from http://reportcards.dpi.wi.gov/ shows that there are 890 students 

enrolled in the school. Out of those 890 students, 75.8% were White, 2.8% were 

https://sites.google.com/a/uwlax.edu/smart-choise/home
http://reportcards.dpi.wi.gov/
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Hispanic, 5.5% were Black, 10.1% were Asian, and .01% was American Indian. There 

were also 18% of students with special needs. This school has a high economic 

disadvantage rate of 45.8%. In the whole school, there were 94% percent English 

proficient students.  

Procedure 

1. Pre-geometry unit assessment and self-perception survey were given to students. 

The class was divided randomly into two groups, one group (the first 8 permission 

slips) continued as the experimental group while the other group was the control 

group. 

2. The experimental group was presented a list of the four prior knowledge concepts 

(area of regular polygon, circumference and area of the circle, similar figures, and 

solving a right triangle) which students need to review for the unit, surface area 

and volume of the solids, one week before the unit began.   

3. The experimental group took the four self-assessments independently to figure out 

which concepts from the four prior knowledge concepts they need to review. The 

students self-corrected their test and if they got less than five out of the six 

questions wrong in any of the self-assessments they used the website to review 

these concepts.  

4. It was explained to students in the experimental group how to use the website to 

review old materials from home. 

5. Google analytic was used to check on the experimental group students’ use of the 

website. 
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6. Students in the control group and experimental group were taught the new unit 

“Surface Area and the Volume of Solids” in their natural classroom seating. 

7. After the unit was taught, students in the control and experimental groups re-took 

the self-perception survey and the post-geometry unit assessment. 
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CHAPTER IV 

RESULTS 

The two main objectives of the current study were to develop a relation between 

using technology that builds on brain-based learning to review prior skills and its 

effectiveness on students’ mathematics achievement and examined the role of technology 

to activate students’ prior knowledge and students’ self perception about learning 

mathematics. 

The self-perception survey was used to measure the students’ self perception 

about learning mathematics. Pre- and post- geometry unit assessments were used to 

measure students’ mathematics achievement. The analysis of the unit assessments was 

focused on questions five to 10 as the content of those questions focused on finding the 

surface area and the volume of solids. To be successful in this content, student need to 

know the four prior knowledge concepts (list) which included area of regular polygon, 

circumference and area of the circle, similar figures, and solving a right triangle. 

This study showed that using technology to activate students’ prior knowledge did 

not change students’ self-perception, but there was a significant improvement in 

mathematics achievement among the experimental group.  

Pre- and post- geometry unit assessment results 

A pre-geometry unit assessment was given to the control and experimental groups. Both 

groups received zeros on all questions, as shown in Table 1 below. By comparing the 

mean of each question for the two groups, there was no difference between the two 
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groups. The mean for the control group was 0, and the mean for the experimental group 

was 0 as shown in table 1. 

 

Table1. Mean and Standard Deviation (stdev) for Pre-Geometry Unit Assessment     

 

 

 

 

 

 

 

 

 

 

The post-geometry unit assessment was given to the control and experimental group after 

the experiment and the teaching of the unit. The experimental group used a website 

created that had activities that aligned with brain-based learning principles. The 

experimental group used the website to review the four prior knowledge concepts which 

included the area of regular polygon, circumference and area of the circle, similar figures, 

and solving right triangle. Students used four self assessments to determine which 

concepts they needed to review. Then, the students used the website from their home to 

review any concepts that they did not get 5 out of 6 on the assessment.  Google analytic 

was used to check if the students used the website. Figure 4 shows the use of the website 

during the period of May 3
rd

 to May 10
th

 to review the four prior knowledge concepts as 

Experimental group Control group Question 

stdev Mean stdev Mean  

0 0 0 0 Q5 

0 0 0 0 Q6 

0 0 0 0 Q7 

0 0 0 0 Q8 

0 0 0 0 Q9 

0 0 0 0 Q10 
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requested. The report shows that there were 12 students that visited the website and they 

viewed the website module pages 135 times and the average duration was 10 minutes. 

  

 

 

 

 

 

 

 

 

 

Figure 4. Google Analytic Report 

The post-geometry unit assessment was designed by the district professional learning 

community team, and the questions from the post-geometry unit assessment were 

rearranged so that it matched the same concept from the pre-geometry unit assessment. 

By comparing the mean and the standard deviation for every question in the post-

geometry unit assessment between the control and experimental groups, the mean of the 

experimental group was greater than the mean of the control group, especially from 

questions five to ten which focused on the four old concepts that the experimental group 

students reviewed through the website (see Table 2). 
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Table 2. Mean and Standard Deviation (stdev) for the Post-Geometry Unit Assessment 

 

Experimental group Control group Question 

Stdev Mean stdev Mean  

0.35 2.875 0.46 2.75 Q15 

0.35 2.875 0.76 2.5 Q11 

0.53 2 1.06 1.375 Q16 

0.52 2.625 1.19 1.375 Q17 

0.99 2.125 1.16 1.75 Q12 

0.35 2.875 0.04 1.75 Q18 

 

Gain scores (the difference of the post-geometry unit assessment score and the pre-

geometry unit assessment score) were calculated for the control and experimental groups. 

Normality was checked for the two data sets; the test for normality was positive as shown 

in Figures 5 and 6. Parametric statistic test can be used to analyze the data (t-test) because 

the two data sets were normal.  

 

 

Figure 5. Normality Test on the Control Gain Data 

y = 0.2713x - 3.1201 
R² = 0.9298 
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y = 0.6158x - 9.4676 
R² = 0.8841 
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Figure 6. Normality Test on the Experimental Gain Data 

 

By using the independent t-test to analyze the gain scores for the control and the 

experimental groups a significant result mathematics achievement for students in the 

experimental group. The mean of total gain score for the control group was 11.5, with a 

standard deviation of 3.5. For the experimental group, the gain score was 15.375, and the 

standard deviation of 1.5. The probability equals .012 (p < .05), which is less than alpha 

(0.05) this shows that there is a significant difference between the two means, so the 

experimental group performing better than the control group. The effect size, which is the 

difference between the two means divided by the standard deviation, was 1.435. Table 3 

shows the mean gain score and standard deviation for each of the six questions between 

the control and experimental groups.  
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Table 3. Gain Mean and Standard Deviation (stdev)     

 

Experimental group Control group Question 

Stdev Mean stdev Mean  

0.35 2.875 0.46 2.75 Q5 

0.35 2.875 0.76 2.5 Q6 

0.53 2 1.06 1.375 Q7 

0.52 2.625 1.19 1.375 Q8 

0.99 2.125 1.16 1.75 Q9 

0.35 2.875 0.04 1.75 Q10 

  

Self-perception Survey Results 

 A pre- and post- survey to measure the students’ self-perception of mathematics before 

and after the unit was used in the research. Paired t-test was used to analyze the students’ 

responses. To simplify the test, numbers were used to represent the students’ response 

instead of using phrases they answered with. The phrases were substituted as follows:  

 Strongly agree: 1 

 Agree: 2 

 Undecided: 3 

 Disagree: 4 

 Strongly Disagree: 5 
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Table  4. Self-Perception Survey Results 

Control group Experimental group Question 

p-Value Post-Survey Pre-Survey p-Value Post-Survey Pre-Survey  

 stdev Mean stdev Mean  stdev Mean stdev Mean  

0.366 1.36 2.125 1.58 2.25 0.282 1.16 2.25 1.07 2.5 

1QS 

I am as talented 

in math as other 

students in my 

class. 

0.142 1.04 2.75 1.73 3.125 0.299 1.19 2.625 0.89 2.75 2QS 

I like math. 

0.258 0.89 4.25 1.68 3.625 0.085 0.71 4.25 0.53 4 
3QS 

I am nervous in 

math lessons. 

0.085 0.93 4 0.89 4.25 0.299 0.99 4.125 0.53 4 
4QS 

I just can’t learn 

math. 

0.085 0.46 3.25 0.83 3.875 0.299 1.19 3.375 0.93 4 
5QS 

I wish we had 

more math 

classes in school. 

0.299 0.71 3.25 0.93 3.5 0.381 0.92 2.625 0.89 2.75 
6QS 

I always prepare 

well for tests in 

math. 

0.392 1.36 3.875 1.04 3.75 0.085 0.46 3.75 0.53 4 

7QS 

I want to avoid 

all math in high 
school and 

college. 

0.5 0.89 3.25 1.04 3.25 0.085 1.07 3 0.89 3.25 
8QS 

Working with 

math is fun. 

0.282 1.2 4 1.28 3.75 0.085 0.52 4.375 0.35 4.125 

9QS 

I am always 

nervous when we 

have math in 

school. 

0.221 0.74 4.375 1.41 4 0.342 0.87 3.75 0.92 3.625 
10QS 

I simply have no 

talent for math. 

0.313 1.19 2.375 1.19 2.625 0.5 0.93 2 0.53 2 
11QS 

I feel calm in 

math lessons. 

0.334 1.19 3.375 0.83 3.125 0.099 0.76 3.5 0.83 3.125 
12QS 

I give up quickly 

if I get a difficult 

math problem. 

0.067 0.64 3.875 1.51 3 0.313 0.93 3.5 0.89 3.25 

13QS 

No matter how 

much I try, I shall 

have problems 

learning math. 

0.299 0.83 2.125 0.93 2 0.114 0.83 1.875 0.92 2.375 
14QS 

I feel safe in 

math lessons. 

0.5 0.92 3.625 0.92 3.625 0.226 0.92 3.375 0.92 3.625 
15QS 

I would like an 

occupation where 

I can use math. 

0.258 0.52 1.375 0.92 1.625 0.04 0.46 1.25 0.52 1.625 
16QS 

I can learn math 

if I work hard. 
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By using the paired t-test on each question, the mean, standard deviation, and the 

probability (p-value) of the result were calculated (see Table 4). There was no significant 

difference between the pre- and post- survey for the control group and all but one 

question for the experimental group. By comparing the p-value of the questions with 

alpha (.05), the p-value for all but one questions for the experimental group were greater 

than alpha (.05). The survey question 16 which is “I can learn math if I work hard” 

showed p-values was .04 (p < .05) in the experimental group. This confirmed that using 

technology to activate students’ prior knowledge had no effect in the students’ self- 

perception of learning mathematics in this study. Figures 7 and 8 also show no changes 

between the pre- and post- survey for the control group and the experimental group. 

 

 

 Figure 7.  Control Group-Comparison between the Mean of the Pre- and Post- Survey 
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Figure 8.  Experimental Group-Comparison between the Mean of the Pre- and Post 

Survey 

              

            From the results above, the use of technology aligned with brain-based principles 

to active students prior knowledge, shows significant improvement in their mathematics 

achievement, but did not change the students’ self-perception of learning mathematics. 

 
 

 



 

53 
 

 

CHAPTER V 

DISCUSSION 

In the current study, there were two nirn objectives. First, to develop a relation 

between using technology that builds on brain-based learning to review prior skills and 

its effectiveness on students’ mathematics achievement, and second, to examine the role 

of technology to activate students’ prior knowledge and students’ self perception about 

learning mathematics. The results of the pre- and post-geometry unit assessments indicate 

the score of the students from the experimental group that used the website to activate 

their prior knowledge had score significantly better compared with students from the 

control group that did not use the website. The results also indicated that the first 

hypothesis stated earlier is correct; there is a correlation between using technology that 

builds on brain-based learning to review prior skills and its effectiveness on students’ 

mathematics achievement. On the contrary, there was no change in students’ self-

perception about learning mathematics.  

The current research used three combined parameters that are used in increasing 

the students’ achievement which are using technology; using brain-based principles; and 

activating students’ prior knowledge.   Results from previous research show a relation 

between each of these parameters separately and students’ achievement. Regarding the 

relation between using technology and students’ achievement, O’ Dwyer, Carey, and 

Keiman (2007) found that students in an online algebra classes outperformed students in 

traditional classes. Lower-performing students in mathematics who use computer 
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technology in their study significantly outperform other students who had no access to 

computer technology (Shirvani, 2010). In contrast, Patrick (2001) mentioned that there 

was no significant difference in scores on the final exams between students who used 

technology and students who had no access to this technology in their classrooms.   

  About the relation between brain-based learning and students’ achievement, 

Duman (2010) and Awolola (2011) studies found evidence that using brain-based 

learning can increase student achievement in mathematics better than conventional 

method. Finally concerning the relation between activating students’ prior knowledge and 

students’ achievement, Fisher, Grant, and Frey (2009) as well as Thompson and 

Zamboanga (2003) studies indicated that prior knowledge and its relevance to Student 

achievement. Hailikari, Nevgi, and Komulainen (2008) revealed that prior knowledge 

was a strong predictor for student achievement. 

There are some researchers that studied the relation between a combination of 

using technology based on brain research and students’ achievement.  For example, the 

MIND research institute found that using software based on neuroscience research 

resulted in an increase in their mathematics proficiency (Brown, 2009). A research study 

by Kolonay and Kelly-Garris (2009) revealed that student performance improved as a 

result of using brain-based learning and technology implementation. The current study 

results correlate well with these researchers as the results show that using technology 

based on brain-based learning principle to activate students’ prior knowledge 

significantly increase students achievement in mathematics. 
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Implications 

The findings of this study lead to the following recommendations, to improve 

students’ achievement in mathematics including technology that is based on brain-based 

principles should be adopted to activate students’ prior knowledge; graphic organizers 

used to help students connect the old concepts with the new concepts by seeing the big 

picture; implement self assessment to help students discover what prior knowledge 

concepts are needed to be reviewed and direct them to review these concepts by using 

technology to enhance the understanding of the new concept.  

By using technology independently to activate students’ prior knowledge, 

teachers will be able to differentiate instruction among their students and support the 

learning need of every student.  To ensure the right implication of this research, teachers 

should be aware of brain-based learning principles and how to adopt them to build online 

activities based on these principles to activate students’ prior knowledge. Finally, the 

technology is just an assistive tool, so teachers should be aware of the correct use and 

adoption of technology in their lessons. 

Limitations 

Several limitations can affect the result of this study. The number of the students 

participated in this study is small (16 students). To enhance the generalizability of the 

results the current study should be expanded to include a larger number of students. The 

current investigation collected data using a single unit in geometry. Future work this 

study should be extended to cover additional geometry units or another mathematics 

courses such as Algebra I, Algebra II, pre-calculus or calculus.  



 

56 
 

Although the results from the current study revealed relation between using 

technology that is built on brain-based learning to review prior skills and students’ 

mathematics achievement. The self perception hypothesis was not verified. This could be 

attributed to the short duration of the study. Over a five year study, Ju, Zhang, and 

Katsiyannis (2013) found a reciprocal causal effect between academic self-concept and 

academic achievement. Another research by Skaalvik and Skaalvik (2011) conducted 

over two years showed that students’ self perceptions strongly predicted subsequent 

achievement over and above the prediction that could be made from prior achievement.  
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