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ABSTRACT

SHAABAN KITINDI FUNDI
THE EFFECT OF MATCHING LEARNING STYLES AND INSTRUCTIONAL 
STRATEGIES ON ACADEMIC ACHIEVEMENT AND STUDENT ENJOYMENT OF 
SCIENCE LESSONS IN A HIGH SCHOOL GENERAL CHEMISTRY COURSE 
Under the Direction of debra leigh walls rosenstein, Ed. D.

This study explored the matching hypothesis by examining the effect of matching 

students’ learning style preferences with teachers’ instructional strategies on students’ 

academic performance and lesson enjoyment in a high school general chemistry course. 

To achieve the study aims, the researcher utilized a single-participant study design with a 

baseline phase and four treatment phases. Determination of students’ learning style 

preferences involved using the Visual, Audial, Read/Write, and Kinesthetic (VARK) 

Learning Style Inventory. During the one-week baseline phase, students received 

instruction using regular instructional strategies, followed by four treatment phases: 

visual intervention, audial intervention, read/write intervention, and a kinesthetic 

intervention. Each intervention phase lasted one week. During each phase, the 

researcher measured academic achievement using three teacher-created quiz 

scores. Student enjoyment was measured using the Test of Science-Related Attitudes 

(TOSRA).

A total of 14 students completed the VARK Questionnaire. Of these, eight 

students (2 boys and 6 girls) exhibited a multimodal learning style were subsequently



excluded from study participation. An additional student was excluded due to excessive 

absenteeism, leaving five students who completed all phases of the study. Results 

indicated that matching students’ learning style preferences with teachers’ instructional 

strategies did not improve students’ academic performance as measured by teacher- 

created quizzes. However, weekly switching of the instructional strategies did improve 

student enjoyment of chemistry lessons. Student enjoyment increased for all participants 

in all intervention phases regardless of whether or not instruction matched students’ 

learning style preferences compared to baseline phase.

The results of this study do not support the matching hypothesis. The students in 

this study, preferred to learn with multiple teaching strategies. Alternating instructional 

strategies on a weekly basis did improve enjoyment of science lessons comparing to the 

multimodal instruction in the baseline which research supports as influential on student 

academic achievement in science. Future studies should explore how using a variety of 

teaching strategies could appeal to the wide range of intelligences represented by students 

in a typical classroom and how this may impact student achievement.



CHAPTER 1 

INTRODUCTION

Learning new science concepts is frequently challenging for students. According 

to Harris, Phillips, and Penuel (2012), students learn new scientific concepts effectively 

only when they construct their own knowledge. The complexity and the challenges of 

learning science, Reid (1995) argued, is exacerbated by the fact that students have their 

own learning style(s), learning strengths, and learning weaknesses. A mismatch between 

instructional strategies and students’ learning style preferences may lead to learning 

failure, frustration, and demotivation. Moreover, two major challenges students 

encounter when learning science are anxiety and difficulty understanding the presentation 

of the material in a manner congruent to the student’s learning style preferences 

(Adesunloye, Aladesunmi, Henriques-Forsythe, & Ivonye, 2008; Al-Saud, 2013; Chase, 

2001; Harris, Phillips, & Penuel, 2012). Thus, to teach science effectively, teachers need 

to understand the challenges and opportunities inherent in the art and profession of 

teaching science (Urval et al., 2014). To complicate things even further, the No Child 

Left Behind Legislation of 2001, the Race to the Top (RT3) Legislation, and the current 

statewide accountability measures throughout the U.S. are increasing pressure on teachers 

to identify ways to help students pass mandatory standardized tests. This often leads 

teachers to forgo innovative teaching approaches,
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such as matching instructional strategies to students’ learning preferences, in order to 

cover all of the required material.

The literature review presented in Chapter 2 suggests that each student has a 

unique learning style (Bhatti & Bart, 2013; Boles, Pillay, & Leonald, 1999; Bourgeois, 

2005; Braio, Beasley, Dunn, Quin, & Buchanan, 1997; Charkins, O’Toole, & Wetzel, 

1985; Gokhan & Beyhan, 2013; Hargrove, Wheatland, Ding, & Brown, 2008;

Kopsovich, 2001; Marrow, 2011; Tulbure, 2012; Uzuntiryaki, 2007). There is also some 

evidence to suggest that matching instructional strategies and materials to students’ 

learning style preferences can engage students (Gokhan & Beyhan, 2013; Marrow, 2011; 

Minotti, 2005; She, 2005a, 2005b); decrease their anxiety and increase satisfaction for 

both the teacher and student (Chase, 2001); and increase their learning outcome (Bhatti & 

Bart, 2013; Charkins et al., 1985; Dunn, Bruno, Sklar, & Beaudry, 1990; Dunn, Ingham,

& Deckinger, 1995; Gokhan & Beyhan, 2013; Lovelace, 2005; Maltzman, 2008;

Mitchell, 2005; Orazio, 1999; Pallapu, 2008; 2009; She, 2005a; Tulbure, 2012; Van 

Vuren, 1992; Yilmaz-Soylu & Akkoyunlu, 2009). This is known as the matching 

hypothesis. Coffield, Mosley, Hall, and Ecclestone (2004) referred to matching 

hypothesis as the belief that the closer the congruence between students’ learning style 

preference and the teachers’ teaching instructional strategy, the higher the level of student 

achievement will be. As summarized in Chapter 2, the evidence for the matching 

hypothesis is mixed with some studies, suggesting it is effective at improving student 

performance (Bhatti & Bart, 2013; Charkins et al., 1985; Dunn et al., 1990, 1995;

Gokhan & Beyhan, 2013; Lovelace, 2005; Maltzman, 2008; Mitchell, 2005; Orazio,



1999; Pallapu, 2008; She, 2005a; Tulbure, 2012; Van Vuren, 1992; Yilmaz-Soylu & 

Akkoyunlu, 2009). Other studies showed no effect of the matching hypothesis on student 

achievement (Akdemir, 2005; Bauer, 1991; Briggs, 2004; Guanxin, 2013; Hsien & 

Dwyer, 2009; Hsu, Lin, Chin, & Dwyer, 2009; Mahasin, 2002; Minotti, 2005; Moore, 

1999; Tendy, 1998; Wentura, 1984; Wilson, 2012).

Proponents of the matching hypothesis argue that matching instructional 

strategies to students’ learning preferences can engage students (Gokhan, & Beyhan, 

2013; Marrow, 2011; Minotti, 2005; She, 2005ba, 2005b); make concepts more 

understandable; remove anxiety (Chase, 2001); and improve student academic 

achievement (Bhatti & Bart, 2013; Charkins et al., 1985; Don Paul, 1992; Dunn et al., 

1990, 1995; Gokhan & Beyhan, 2013 Maltzman, 2008; Mitchell, 2005; Orazio, 1999; 

Pallapu, 2008; She, 2005a; Tulbure, 2012; Van Vuren, 1992; Yilmaz-Soylu &

Akkoyunlu, 2009). Creating lesson plans that appeal to students’ learning styles also 

allows students to see the relevance of the lesson in their everyday lives (Babadogan, 

2000; Hein & Budny, 1999).

In contrast, Pashler, McDaniel, Rohrer, and Bjork (2008) and Coffield et al.

(2004) found no empirical evidence to support the matching hypothesis in their 

systematic reviews of the literature. Of the 28 studies included in the Pashler et al.(2008) 

review, most (17) were conducted at the college level followed by the middle (5), 

elementary (4), and high school (2) levels. Critics of the matching hypothesis also argue 

that weak study designs limit the evidence-base. Therefore, further studies with more



rigorous designs are necessary to evaluate fully the impact of the matching hypothesis on 

student achievement (Coffield et al., 2004).

Purpose of the Study 

This study had two main purposes: (a) to examine the impact of the matching 

hypothesis on student achievement in a high school chemistry course, and (b) to examine 

whether students’ enjoyment of the lessons on atoms and the atomic theory changed as a 

result of their learning style preference being matched to the instructional strategies used. 

To address the criticism that studies evaluating the matching hypothesis have 

traditionally employed weak study designs, this study used a single-participant study 

design. Two main reasons served as the basis for choosing this design:

(a) It is a rigorous design with excellent controls for threats to internal validity 

such as maturation and selection (Barlow, Nock, & Hersen, 2009; Homer et 

al., 2005), and

(b) It has not been used in any of the reviewed studies. Therefore, this study will 

employ a new methodology in this area of educational research particularly at 

the high school level and specifically in a science course.

Research Questions and Hypotheses 

This study aimed to answer the following research questions:

1. How do student achievement on teacher-created quizzes in high school 

chemistry course improve when instructional strategies used match student 

learning style as opposed to when instructional strategies used do not match 

student learning styles?
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2. Do students’ enjoyment of science as measured by the TOSRA Scale 

increases when instructional strategies used match their learning style as 

opposed to when instructional strategies used do not match student learning 

styles?

Hypotheses

This study attempted to prove the following hypotheses:

1. Student scores on teacher-created quizzes in a high school introductory 

chemistry course will increase when students’ learning style are matched with 

the instructional strategies compared to when they are not matched.

2. Student enjoyment of science will increase when instructional strategies are 

matched with student learning style compared to when instructional strategies 

are not matched with student learning styles.

Definitions of Terms 

The following serves to define the terms used in this study:

Learning Style Definitions

Learning style theory is the belief that people learn best when taught using their 

preferred modality (e.g. visual, auditory, or kinesthetic) and that teaching should be 

designed around students’ learning style preferences (Coffield et al., 2004).

Learning style based instructional material are instructional materials designed to 

accommodate and match the learning style preference of the learner (Coffield et al.,

2004).



6

Matching hypothesis is the belief that the closer the congruence between the 

students’ learning style preference and the teachers’ teaching strategy (style), the higher 

the level of student achievement (Coffield et al., 2004).

The VARK Learning Style Inventory categorizes students into one of four 

categories (visual, audial/aural, read/write, and kinesthetic) on how they prefer to receive 

and deliver information (Fleming & Mills, 1992).

Learning Styles as Defined by the VARK Learning Style Inventory

Auditory learner describes the learning style preference of an individual who 

learns best when listening to verbal instruction (Fleming, 2006).

Kinesthetic learner describes the learning style preference of an individual who 

learns best through hands-on activities, or learning by doing (Fleming, 2006).

Visual learner describes the learning style preference of an individual who learns 

best through visual aids, designs, patterns, and shapes to illustrate and convey 

information. The individual is able to recall events and concepts that have been read 

and/or observed (Fleming, 2006).

Read/Write learner describes the learning style preference of an individual who 

learns best through text-based information, such as reading books, writing things down, 

and PowerPoint presentations (Fleming, 2006).

Multimodal learner describes the learning style preference of an individual who 

learns equally well through all four VARK (visual, audial/aural, read/write, and 

kinesthetic) categories. This type of learner takes longer to gather and process



information but tends to have a deeper and broader understanding of the information 

presented (Fleming, 2006).

Definitions Related to Student Affect

Affect, in this dissertation, broadly means the socio-psychological states of the 

learner (e.g. students’ attitudes, values, and confidence of the subject) that do not belong 

to purely cognitive states such as the state of the learners’ knowledge (Chamberlin, 

2010).

Value', the regard that something is held to deserve; the importance, worth, or 

usefulness of something (Chamberlin, 2010).

Self-confidence is a feeling of trust in one's abilities, qualities, and judgment 

(Chamberlin, 2010).

Enjoyment is the state or process of taking pleasure in something (Chamberlin,

2010).

Limitations of the Study 

This study had several limitations. One limitation was the nonrandom selection 

of five high school student participants taking a general level chemistry course at a 

suburban metro Atlanta High School and, thus, results are not generalizable to all 

students at the attending the course or students in other settings. Another limitation was 

that the learning style targeted in this study was limited to visual, audial, read/write, 

multimodal and kinesthetic as identified by the VARK Learning Style Inventory 

developed by Fleming and Mills (1992). Finally, because it is not possible to use the 

VARK questionnaire to identify students’ learning preferences permanently, the duration



of this study encompassed only four weeks of intervention to satisfy the instruments’ 

limitations.

Significance of the Study 

The results of this study contribute to the body of knowledge regarding the lack of 

validity of the matching hypothesis in improving student achievement at the high school 

level and within science classrooms. In addition, the results of this study helps improve 

the quality of education in high school science classrooms as it was found that weekly 

switching of instructional strategies lead to greater enjoyment of science lessons. 

Furthermore, this study helps teachers use a variety of instructional strategies based on 

student learning styles. This has the potential to improve student enjoyment in learning 

science, consequently helping teachers, schools, and school districts to meet the federal- 

and state- mandated school accountability measures. Findings were shared with the 

county public school officials.

Summary

This chapter presented an overview of the study and included a background of the 

study, the purpose of the study and its significance, the research questions and 

hypotheses, and definitions for key terms. Chapter 2 presents a review of the literature 

related to the learning style theory and the matching hypothesis and provides additional 

rationale as to why this study is important in the field of education. Chapter 3 provides a 

more in-depth discussion of the proposed methodology for this study. Chapter 4 presents 

the findings of the study, and Chapter 5 offers in-depth analysis, discussions of the 

findings, recommendations for future studies and conclusion.



CHAPTER 2 

LITERATURE REVIEW 

This chapter presents a review of literature pertinent to this study. The first 

section provides an overview of and defines learning style preferences and the matching 

hypothesis. The second section provides an overview of student affect and its impact on 

student achievement. The third section presents the findings of my literature review 

examining the effect of matching students’ learning styles with teachers’ instructional 

strategies on student achievement. Finally, the fourth section provides a rationale for this 

dissertation study design along with the conceptual framework that guided the study. 

Figure 1 provides a summary of the organization of this chapter.

9
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Section 1: Definition and Overview o f  
the Learning Style Concept
•  Learning Styles Defined
•  Models and Types o f  Learning 

Styles
•  Factors Affecting Learning Styles
•  Differences between Learning 

Styles and Multiple Intelligence 
Theories.

1

Section 1: Definition and Overview o f  
the Learning Style Concept
•  Learning Styles Defined
• Models and Types o f  Learning 

Styles
•  Factors Affecting Learning Styles
•  Differences between Learning 

Styles and Multiple Intelligence 
Theories.

4
Section 3: Matching Hypothesis and
Student Achievement: A Critical
Synthesis o f  Literature
•  The Matching Hypothesis and Its 

Relationship to Learning Styles
•  Arguments in Support and Against 

the Matching Hypothesis
•  Critical Review o f  the Evidence 

For and Against the Matching 
Hypothesis

•  Summary o f  the Methodological 
Rigor o f  the Studies Included in 
The Critical Review

4
Section 4: Conceptual Framework for 

this Dissertation Study

Figure 1. Graphic Depiction of the Organization of Chapter 2
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Definition and Overview of the Learning Style Concept 

This section begins with a definition of learning styles. Following this is a 

discussion of the models and types of learning styles. Next is an explanation of the 

factors affecting learning styles. The section concludes with an examination of the 

difference between multiple intelligence and learning style theories.

Learning Styles Defined

Science is both hard to teach and to learn. Students learn better when they 

construct their own understanding (Harris, Phillips, & Penuel, 2012). Students have their 

own learning styles, which refer to the uniqueness of individuals in the way they acquire, 

process, and assimilate new information. Fleming (1991) defined learning styles as “an 

individual’s characteristics and preferred ways of gathering, organizing, and thinking 

about information” (p.l). Sarasin (2006) further defined the term as “a certain pattern of 

behavior in approaching a learning experience, taking in new information, developing 

new skills, and retaining that new information and those new skills” (p. 38). Similarly, 

Gremli (1996) defined a learning style as “the way a person processes, internalizes, and 

concentrates on new information” (p. 24).

Each individual differs in the type of instructional approach and/or strategy that is 

most effective for their learning style (Barun, Schaller, Chambers, & Allison-Bunnell, 

2010; Bemades & Hanna, 2009; Chan, 2001; Charlesworth, 2008; Cornu, 1999; Pashler, 

McDaniel, Rohrer, & Bjork, 2008; Sarasin, 2006; Wilson, 2012). Sarasin (2006) stated, 

“Learning can be analyzed through the primary senses involved (visual, auditory, tactile 

and/or kinesthetic), or through psychological aspects of perceptions or through the
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process of processing information” (p. 4). According to this idea, it is easier to receive 

information kinesthetically if you are a kinesthetic learner. Each individual’s cognitive, 

affective, and physiological traits also influence their preferred learning style (Coffield, 

Mosley, Hall, & Ecclestone, 2004; Dobson, 2009; Johnson, 1997; Hlawaty, 2008; 

Honisfeld & Dunn, 2003; Jia-Ying; 2011; Joy & Kolb, 2009).

The cognitive style deals with how a person receives, perceives, formulates, and 

retains information during learning. The affective category of learning involves an 

individual’s emotions, value systems, and personality traits. In addition, a person’s 

motivation, persistence, structure, responsibility, and sociological characteristics are all 

associated with the affective category of learning. The last category of learning is the 

physiological category, which includes the physical and the environmental part of 

learning, such as the design of the learning environment, temperature, sound, and l ight 

(Earthman, 2004).

Models and Types of Learning Styles

Over 71 different models or instruments are currently available to identify an 

individual’s preferred learning style (Coffield et al., 2004). These tools can be broadly 

categorized into five main families. The cognitive structure family contends that learning 

styles are “structural properties of the cognitive system itself’ (Messick, 1982, p. 2). The 

stable personality type family focuses on personality and its impact on the ability to 

acquire and integrate information (Pashler et al., 2008). The genetic and constitutionally 

based factors family perceives learning styles as fixed and very difficult to change 

because they are “biologically and developmentally imposed characteristics” (Dunn &



Griggs, 1998, p. 11). The learning approaches and strategies family maintains multiple 

teaching strategies should be used to appeal to the full range of learning styles and 

teaching strategies must take into “account the effect of previous experiences and 

contextual influences” in the learning process (Coffield et al., 2004, p. 90). The flexible 

stable learning preference family views learning styles as not fixed, although there is 

some long-term stability in an individual’s learning style (Coffield et al., 2004).

The five families differ in the extent to which learning styles are perceived to be 

fixed. On one end of the continuum, the first three families (cognitive structure family, 

stable personality type family, and genetic and constitutionally based factors family) 

assume that learning styles are permanently fixed over time. Whereas, on the other end 

of the continuum, the learning approaches and strategies family and the flexible stable 

learning preference family assume that learning styles can change over time as the learner 

gains maturity and experience. Figure 2 provides a summary of these five families and 

their associated tools.
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Families of ' 
Instruments Used 

to Categorize 
Students’ Learning 

Styles

Cognitive Structure Family
•  Rod and Frame Test
•  Body Adjustment Test
•  Group Embedded F igure 

T est

Genetic and Constitutionally Based Factors Family
•  Gregorc’s Mind Model Delineator
• Dunn and Dunn Model and Instrument o f  Learning Styles

Stable Personality Type Family
• Myers-Briggs Type Indicator
•  Apter’s Reversal Theory 

Motivational Analysis
•  Motivational Style Profde
•  Jackson’s Learning Style 

Profiler

Learning Approaches and Strategies Family
•  Entwistle’ Approaches and Study Skills 

Inventory for Students (ASSIST)
•  Vermunt’s Framework for Classifying 

Learning Styles
•  Sternberg’s Theory o f  Thinking Styles

Flexible Stable Learning Styles Family
•  Kolb’s Learning Style Inventory
•  Honey and Mumford’s Learning Styles 

Questionnaire
•  Allison and Hayes’ Cognitive Style Index
•  VARK Learning Style Inventory

Figure 2. Summary o f  the Five Families o f  Instruments Used to Classify Students ' 
Learning Styles

The Flexible Stable Learning Preferences Family. This family was influenced by 

the work of David Kolb (Pashler et al., 2008). In the early 1970s, he developed one of 

the most influential learning style theories called the experiential learning model 

(Coffield et al., 2004). At that time, he also devised the instrument to test the theory, 

known as the Learning Style Inventory (LSI). For Kolb, an individual’s learning style 

was not a fixed trait, but rather a preference of learning that changed from situation to 

situation (Kolb, 1981, 1984; Kolb & Kolb, 2005). Kolb (1984) also claimed that, even 

though learning styles were not fixed, there was some long-term stability in an 

individual’s learning style. Thus, learning styles were both flexible and stable.



Types of learning styles. Visual learners prefer to use materials such as charts, 

graphs, and other symbols to take in and give out information (Drago & Wagner, 2004; 

Fleming, 2006; Fleming & Baume, 2007; Li, Chen, Yang, & Liu, 2010; Lu & Chiou, 

2010; Negari & Barghi, 2014; Park, 1997; Raddon, 2007; Seiler, 2011; Song & Oh,

2011). For these learners, sight is very important, especially when taking information in 

and organizing ideas. They tend to use colors and highlighters when processing 

information and the use of diagrams, drawing, and/or recall through pictures to reinforce 

information and idea intake is recommended. The read and write learners prefer to learn 

from printed textual learning materials. They tend to use lists, headings, dictionaries, 

glossaries, definitions, handouts, textbooks, and lecture notes while taking in and giving 

out information or ideas (Fleming, 2006). Aural leaners, on the other hand, prefer to 

learn through spoken words lessons, talking, debate, and discussions. They tend to 

understand more when information is explained to them and learn best through lectures, 

tutorials, debates, and discussions (Fleming, 2006; Tennent, Becker, & Keho, 2005). 

Kinesthetic learners prefer to learn through direct practice, hands-on activities, and 

learning by doing (Fleming, 2006). These learners are commonly referred to as “hands 

on learners”. They learn best through activities such as field trips, tours, field immersion 

experiences, apprenticeship and activities where they can engage all senses when hiking 

in and giving out ideas or information (Ramayah, Sivanandan, Nasrijal, Letchuman an, & 

Leong, 2009). Finally, multimodal learners are students whose learning is based on more 

than one style. These learners take longer to gather and process information, but tend to 

have a deeper and broader understanding of the information presented (Fleming, 2006).
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According to Fleming (2006) multimodal learners can be further classified into biraodal 

(visual and read/write, visual and kinesthetic, audial and read/write, audial and 

kinesthetic, audial and visual, kinesthetic and read/write), tri modal (visual, audial and 

kinesthetic, visual, audial, and read/write, visual, read/write and kinesthetic, and audial, 

read/write, and kinesthetic) and quad modal (visual, audial, read/write, and kinesthetic.

The VARK Learning Style Inventory. To reflect the preferred physical sense of 

learners during intake and output of information, Fleming and Mills (1992) created the 

VARK Learning Style Inventory. VARK is an acronym that stands for visual, 

audial/aural, read/write, and kinesthetic (Fleming & Mills, 1992; Fleming & Baume 

(2007). The VARK Learning Style Inventory categorizes students into one of these four 

learning style categories based on how they prefer to receive and deliver information 

(Lang, 2004). Students who are capable of using more than one learning style equally 

well qualify for the category of multimodal learner (Fleming & Mills, 1992). The VARK 

was the first model to systematically use a series of questions with help sheets for 

students, teachers, and employers in order to classify individuals’ preferred way of 

receiving or transmitting information (Fleming & Baume, 2007; Sirin & Guzel, 2006). 

Table 1 displays a summary of the four categories of the VARK Learning Style 

Inventory.
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Table 1

Summary o f Learning Categories and Instructional Strategies fo r  VARK Learning Style

Inventory

Learning
Category

How Learner 
Prefers Information

Instructional Strategies for 
This Type of Learner

Visual Prefer to use designs, patterns, 
and shapes to illustrate and 
convey information

Information can be presented in maps, 
graphs, diagrams, charts, flow diagrams, 
circles, and labeled diagrams. Does not 
include the use of media such as movies, 
videos, and Power Point presentations.

Auditory Prefer information that is 
heard, spoken, and/or discussed

Instructional strategies include lectures, 
tapes, web chats, and group discussions.

Read/Write Prefer information that is 
presented in a written format

Students prefer text-based information 
such as reading books, writing things 
down, and Power Point presentations.

Kinesthetic Prefer learning through 
experience and practice

Students learn best through hands-on 
activities including simulations, 
demonstrations, illustrations, and videos 
of real life experiences. Students also 
prefer to practice and apply their learned 
information in everyday situations.

Multimodal Equal preference for all four 
of the VARK categories

These learners take longer to gather and 
process information but tend to have a 
deeper and broader understanding of the 
information presented.

The VARK Learning Style Inventory is user friendly, and the results are easy to 

interpret. Moreover, the VARK Learning Style Inventory has only five categories £is 

opposed to other tools that can contain up to 14 categories. This makes VARK easier to 

implement, as teachers only need to develop four instructional strategies to effectively 

reach all the different types of learners. Furthermore, the utilization of the VARK 

Learning Style Inventory in a number of other studies examining the impact of learning
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style preferences on academic performance has met with success (French, Cosgriff, & 

Brown, 2007; Lincoln & Rademacher, 2006; Meehan-Andrews, 2009; Urval et al. , 2014). 

Wehrwein, Lujan, & DiCarlo (2007) investigated the usability features of the VARK 

model. The researchers concluded that the VARK model encourages teachers to be 

aware of students’ differences before making decisions about what teaching strategies 

should be used to teach them; supports the idea of matching teaching methods and 

students’ preferences; motivates educators to use a variety of teaching strategies and 

assessment techniques; induces educators to redesign resources and educational 

environments; and provides an opportunity for students to talk about their learning style 

with their teachers.

Factors Affecting Learning Styles

There is strong evidence that learning style preferences differ by gender, age, and 

cultural background (Bemades & Hanna, 2009; Dunn & Griggs, 1998; Honisfeld &

Dunn, 2003; Johnston, 1997; Lu & Chiou, 2010; Park, 1997; Raddon 2007; Wehrwein et 

al., 2007). For example, numerous studies uncovered a significant relationship between 

gender and preferred styles of learning (Bemades & Hanna, 2009; Honisfeld & Dunn, 

2003; Johnston, 1997; Lu & Chiou, 2010; Park, 1997; Raddon 2007; Wehrwein et al., 

2007). Park (1997) investigated differences between the learning styles of Mexican, 

Armenian, Korean, and Anglo-American students. Differences in learning style 

preferences were found between male and female students across the four ethnic groups. 

Females showed a greater preference for kinesthetic learning style, while males showed a 

preference to a tactile mode of information presentation (Park, 1997). Bemades and
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Hanna (2009) examined learning style preferences of students in a nursing operations 

management course. The researchers found no differences between male and female 

students’ mode of sensory preferences for the unimodal and multimodal learning styles. 

However, female students significantly preferred multimodal learning styles; whereas, 

male students significantly preferred a unimodal learning style. Furthermore, Lu and 

Chiou (2010) conducted a study to examine if gender affects quality of learning in an e- 

leaming course. The researchers found a direct and positive relationship between gender 

and learning style. Finally, Honisfeld and Dunn (2003) investigated gender differences 

among the learning styles of 1637 adolescents from five countries: Bermuda, Brunei, 

Hungary, Sweden, and New Zealand. The results showed significant differences in 

learning style preferences by gender for all five countries. In addition, there were 

statistically significant interactions o f  country by gender.

Many studies have shown a relationship between age and learning style 

preferences of the learner. Comu (1999) investigated the relationship between learning 

style, gender, and age amongst students of theology. The researcher found no significant 

correlation between learning styles and gender; however, a significant correlation was 

found between learning style and age. A study by Honinsfeld and Dunn (2003) ex;imined 

learning style characteristics of 1637 adolescents from five different countries. 

Participants were divided into three age groups: 13-, 15-, and 17-years-old groups. The 

evidence indicated a significant difference existed for 16 of the 22 learning style 

characteristics amongst the three age groups.
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In another study, Chan (2001) investigated the learning styles of 398 gifted and 

nongifted Chinese secondary school students. During the study, students were grouped 

into two groups: 11 to 13 year olds and 14 to 19 year olds. The result indicated a 

significant interaction effect between the younger group and learning styles. Chan (2001) 

argued that younger students interacted more with structured activities and games.

Lincoln and Rademacher (2006) investigated the relationship between age and 

learning style preferences among student enrolled in English as a Second Language 

(ESL) courses. A total of 69 students from 17 countries participated in the study. The 

age groups of participants ranged from late teens to 40s. The result showed a low 

positive correlation between age and the read/write learning style among all participants 

(r = 0.19). The results also showed a small negative correlation between age and 

kinesthetic learning style (r = -0.32) for male students.

In another study, Hlawaty (2008) examined the relationship between age and the 

learning style preferences of German students. Participants were grouped into three main 

age groups: 13, 15, and 17 year olds. Results indicated significant differences among all 

three age groups. In a similar study, Barun, Schaller, Chambers, and Allison-Bunnell 

(2010) investigated the implication of learning style, gender, and age groups for 

developing online learning activities. The researchers found a stronger relationship 

between learning styles and age among adults than among children aged 10-13 (middle 

school age).

The influence that culture has on the learning style preference of the learner has 

been studied and documented in numerous studies. In one study, Song and Oh (2011)
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conducted a study to examine the learning style preferences of learners with diverse 

cultural backgrounds in an online language learning environment. Study participants 

represented six cultural clusters: China, Middle East, Europe, Japan, America, and other 

Asia. Results indicated significant cultural group differences in the learning style 

preferences of the learners. Likewise, De Vita (2010) found variation in learning style 

preferences in a multi-cultural class of international business management.

Joy and Kolb (2009) also investigated the role that culture plays in the way that 

individuals learn. A total 533 respondents residing in seven different nations participated 

in the study. Findings indicate a marginally significant association between culture and 

the learning styles of the participants. Individuals tended to have an abstract learning 

style in countries that are high in group collectivism, institutional collectivism, and 

uncertainty avoidance.

Similarly, Charlesworth (2008) found a significant association between learning 

style preference and culture. The participants were 41 Chinese students, 34 Indonesians 

students, and 38 French students. The researcher used the Honey and Mumford learning 

style questionnaire to identify students’ learning style preferences into reflectors, 

activists, theorists, and pragmatists.

Jia-Ying (2011) explored the influence of cultural background differences on 

students’ second language/foreign language learning styles. Evidence from the study 

revealed that East Asian students adhere to the Confucian traditions and collectivists 

values. Confucian thought is the idea that students should pay respect to teachers and 

elders. Collectivists’ values promote interdependence, respect for authority, and
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accomplishing a task together as a group (Jia-Ying, 2011). These values affect how 

students and their teachers interact.

Taken together, these studies indicate that gender, age, and culture are important 

factors to consider when designing studies on learning style preferences. Thus, 

understanding these cultural norms and values is crucial in order for educators to be 

effective teachers to students from different cultures. Understanding the difference 

between multiple intelligence and learning style theories is also essential.

The Difference between Multiple Intelligence and Learning Style Theories

A result of rethinking the theory of measurable intelligence found in the world of 

intelligence testing, multiple intelligence (MI) theory originated from the work of 

cognitive science (Silver, Strong, & Perini, 1997). The theory focuses on understanding 

how cultures and discipline shapes human potential. Howard Gardner’s theory of 

multiple intelligences has had a profound influence on how student learn new information 

(Gardner, 1999). In his 1983 book, Frames o f  Mind: The Theory o f Multiple 

Intelligences, Gardner challenged the traditional definition of intelligence as being too 

narrow and argued that a broader definition was needed in order to more accurately 

reflect the different ways that humans think and learn (Gardner, 1999). Each individual, 

he argued, possesses a unique blend of multiple intelligences, and he opposed the idea of 

using the same techniques to teach and assess every child (Gardner, 1999). He defined 

eight types of intelligences: verbal-linguistic, logical-mathematical, visual-spatial, 

musical-rhythmic, bodily-kinesthetic, naturalist, interpersonal, and intrapersonal.

Gardner (1999) further argued that a broader vision of education would better serve
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students, wherein teachers used different methodologies, exercises, and activities to reach 

all students. He challenged educators to find "ways that will work for this student 

learning this topic" (Gardner, 1999, p. 154). His work has been widely used as a 

foundation for the need to offer different teaching strategies to appeal to the wide range 

of intelligences represented by students in a typical classroom (Silver et al., 1997).

Multiple intelligence theory is different from the learning styles theory. Learning 

style theory “has its roots in the psychoanalytic community” (Silver et al. 1997, p. 22). 

The theory of multiple intelligence has its roots in the cognitive science and focuses on 

understanding how cultures and disciplines shape human capital through content and 

products learning as it relates to a specific discipline. Conversely, the learning style 

theory is neither content nor discipline specific and is primarily concerned with 

individual differences in the process of learning (Gardner, 1999; Silver et al., 1997).

Howard Gardner (1993) explained the difference between learning style 

preference and the multiple intelligence theories: “In MI theory, I begin with a human 

organism that respond (or fails to respond) to different kinds of contents in the world.. . .  

Those who speak of learning styles are searching for approaches that are out to 

characterize all contents” (p. 45). Thus, multiple intelligences does not deal with the 

individualized process of learning (Silver et al., 1997), whereas the individualized 

process of learning is central to the learning style theory. The learning style theory 

assigns psychological affect and individual personality a great role in understanding the 

differences in individuals’ learning preferences (Silver & Hanson, 1998).
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The Impact of Affect on Student Achievement

Student affect can influence academic performance in addition to learning styles. 

The term affect is best defined as socio-psychological states of the learner that do not 

belong to purely cognitive states such as the learners’ knowledge (Chamberlin, 2010). 

Affect is sometimes referred to as motivation (Chouinard & Roy, 2008; Shin, Lee, & 

Kim, 2009), dispositions (Gresalfi, 2009), belief (Chamberlin, 2010), emotions 

(Chamberlin, 2010; Grootenboer, 2003), or attitudes (Chamberlin, 2010; Chouinard & 

Roy, 2008). The myriad of terms used to describe affect can be confusing. Anderson 

and Bourke (2000) sought to bring together these various terms by defining affect as a 

construct consisting of sub-components including “anxiety, aspiration(s), value, att itude 

(s), interest(s), locus of control, self-efficacy, and self-esteem” (p. 1). There is ample 

evidence from the Trends for International Science Education (TISE) supporting the idea 

that student affect is as important as cognitive components of teaching and learning in 

improving student performance (Martin & Kelly, 1996; Messick, 1979; Mullis, Martin, & 

Foy, 2008).

Unfortunately, educators are experiencing undue pressure to show adequate 

student performance on standardized tests in today’s accountability driven environment. 

This pressure causes many educators to allocate a larger portion of their classroom 

instructional time to test preparation in place of teaching higher-order learning and 

thinking skills (Tapia & Marsh, 2004). The shift in teaching time allocation also causes 

educators to sacrifice other crucial teaching and learning components believed to improve
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student learning. These include student interest, motivation, the value of the subject 

matter, self-confidence, and enjoyment (Chamberlin, 2010).

Evolution of the Construct and Its Measurement

The psychological construct of affect gained recognition in the early 20th century. 

Researchers, however, did not have instruments or inventories to measure or quantify it at 

that time (Thompson, 1992). In the 1920s and 1930s, behaviorist researchers who 

concentrated on investigating observable behavior considered affect a nonobservable 

behavior and largely dismissed it. Consequently, little interest and effort was directed to 

nonbehaviorist research, including research on student affect.

In the 1960s and 1970s, affect regained traction due to a new breed of researchers. 

In the past 40 years, there has been increased attention to the research regarding affect, 

especially by researchers in mathematics, science, and the social sciences. During that 

time, researchers attempted to define, characterize, and develop instruments for 

measuring student affect in mathematics more than in any other subject area. The sheer 

number of instruments developed to assess affect during this period is colossal and 

therefore, it is not possible to list them all here. However, Table 2 presents a summary of 

the widely used instruments.
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Table 2

Summary o f  Instruments Used to Measure Student Affect

Name of 
Instrument

Acronym Affect Grade level
____________ Sub-component_____________

Researcher(s)

Attitude Towards AtMI
Mathematics
Inventory

Mathematics None
Attitude Scale

Mathematics MARS
Anxiety Rating
Scale

Fennema-Sherman None
Mathematics
Attitude Scale

National NLSMA
Longitudinal Study 
of Mathematical
Ability_____________________

Self-efficacy, 
value, anxiety, 
and motivation

Value and 
enjoyment

Anxiety

Secondary: 
High School

Tertiary: 
freshman 
in college

Tertiary: 
freshman 
to senior

Attitude, self- Secondary:
efficacy, anxiety, high school 
and motivation

Attitude Secondary: 
grade 8

Tapia & 
Marsh

Aiken

Richardson & 
Suinn

Fennema & 
Sherman

School Math 
Study Group

Challenges Associated with Measuring Students’ Affect

The biggest barrier to measuring affect is that it is a psychological construct, 

consisting of many nonmeasurable attributes. Adding to the complexity and difficulty in 

measuring affect is the fact that affect is composed of many subcomponents, namely 

anxiety, aspiration, attitude, interest, locus of control, self-control/efficacy, self-esteem, 

and value. Unlike measurable attributes such as length, weight, and height in which, we 

as a society, have agreed upon units of measurements like meters for length, kilograms 

for weight, and Kelvin for temperature, affect attributes such as anxiety, self-confidence,
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and enjoyment do not have a widely agreed upon method of measurement; therefo re, they 

are far more difficult to measure (Chamberlin, 2010).

Another fact that makes measuring affect difficult is that each of the 

subcomponents of affect consists of three characteristics: target, direction, and intensity. 

Target refers to the objective, activity, or idea to which the feeling is directed. Direction 

refers to the negative or positive direction of the feelings. Intensity refers to the strength 

or degree of the feeling. In summary, the lack of an agreed upon standard of 

measurement and the many characteristics and sub-components associated with afi'ect 

make it a very difficult construct to measure.

TOSRA. Fortunately, quantifying this construct is complex and problematic but 

not impossible. The Test of Science-Related Attitudes (TOSRA) is appropriate for 

investigating student affect as one of the factors affecting student learning, focusing 

mainly on one components of student affect called enjoyment. Developed by Fraser 

(1978) at the School of Education at Masquaries University in Australia, the scale lias 

seven science-related attitude scales: social implication of science, attitude toward 

scientific inquiry, adoption of scientific attitudes, enjoyment of science lessons, lei sure 

interest in science, and career interest in science. TOSRA has been widely used in 

science education research (Cheung, 2009; Lang, Wong, & Fraser, 2005). The TOSRA 

subscale can assess student enjoyment of science lessons in the middle and high school 

settings. Developed specifically for middle and high school students, this user-friendly 

instrument requires basic understanding of statistics and has high reliability with ari 

internal consistency of .82 and test-retest reliability of .82. In addition, the subscale has a
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good validity (measuring what it is intended to measure) with a construct validity of .39. 

Furthermore, the subscale produces results that are easy to interpret.

Matching Hypothesis and Student Achievement: A Critical Synthesis of Literature 

The Matching Hypothesis and Its Relationship to Learning Styles

Gremli (1996) stated, “People find it easier when they receive information or data 

the way they process it” (p. 24). The idea of matching students’ learning styles with 

teachers’ instructional strategies is known as the matching hypothesis (Coffield et al, 

2004; Paschler et al., 2009). The matching hypothesis posits that “the closer the 

congruence between the students’ learning style preference and the teachers’ instructional 

strategy (style), the higher the level of student achievement” (Gilakjani, 2012; Paschler, 

et al., 2009; Pheiffer, Holley, & Andrew, 2005, p. 423). Individualizing instruction to 

meet learning styles preferences is an idea first put forth in the 1960s by Cronbach and 

Snow (1969) and has since been widely used by many educational theorists. Specifically, 

Paschler et al. (2009) posited that a student will learn best if taught in a method that 

matches his or her learning style preference. Reid (1995) further stated that all students 

have their own learning style(s), learning strengths, and learning weaknesses, and a. 

mismatch between teaching and learning styles could lead to learning failure, frustration, 

and demotivation. Furthermore, Chase (2001) suggested that matching or matching 

learning styles with teaching strategies can lead to decreased anxiety and increased 

satisfaction for both teachers and students.

The matching hypothesis of learning styles has gained widespread acceptance 

from educators, parents, and the general public (Pashler et al., 2008). According to the
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matching hypothesis, in order to understand students’ learning styles a teacher mus t 

understand how students approach a learning experience, how they process information 

from that experience, how they evaluate the experience, and how they use the 

information and the skills gained from the experience in real-life situations. 

Understanding how students acquire information will enhance teachers’ selection of 

instructional strategies best suited for student learning (Wilson, 2012; Zapalska & Dabb, 

2002). Understanding learning styles also helps teachers to confidently develop a variety 

of instructional practices that are beneficial to all students (Sarasin, 2006; Williamson & 

Watson, 2006; Wilson, 2012).

Arguments in Support of the Matching Hypothesis

As described above, many researchers and educational theorists argue that 

tailoring lessons to match students’ learning styles improves student outcomes (Bhatti & 

Bart, 2013; Boles, Pillay, & Leonald, 1999; Bourgeois, 2005; Braio, Beasley, Dunn, 

Quin, & Buchanan, 1997; Charkins, O’Toole, & Wetzel, 1985; Gokhan & Beyhan, 2013; 

Hargrove, Wheatland, Ding, & Brown, 2008; Kopsovich, 2001; Marrow, 2011; Tulbure, 

2012; Uzuntiryaki, 2007) and keeps them engaged (Gokhan & Beyhan, 2013; Marrow, 

2011; Minotti, 2005; She, 2005a, 2005b). Creating lesson plans that appeal to students’ 

learning style preferences holds their interest and allows them to see the relevance of the 

lesson to their everyday lives (Babadogan, 2000; Hein & Budny, 1999). Matching 

students’ learning styles with learning activities can also improve classroom management 

(Hein & Budny, 1999). Furthermore, helping students understand their learning styles
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allows them to identity strategies that they can use to improve their own learning 

(Babadogan, 2000) and reduces student anxiety.

Arguments against the Matching Hypothesis

While support for the matching hypothesis has been reported in many studies 

(Bhatti & Bart, 2013; Charkins et al., 1985; Don Paul, 1992; Dunn, Ingham, &

Deckinger, 1995; Dunn, Bruno, Sklar & Beaudry, 1990; Gokhan & Beyhan, 2013; 

Lovelace, 2005; Maltzman, 2008; Mitchell, 2005; Orazio, 1999; Pallapu, 2008; She, 

2005a; Tulbure, 2012; Van Vuren, 1992; Yilmaz-Soylu & Akkoyunlu, 2009), criticisms 

are still leveled at the hypothesis. Critics argue that there is limited scientific evidence to 

support the matching hypothesis because few studies in this area utilize appropriate 

experimental designs (Coffield et al., 2004; Paschler et al., 2008). In addition, critics 

argue that learning should be holistic in nature and not focus on one or two learning style 

preferences. Matching teaching strategies to an individual’s learning style preference 

plays to their strengths and does not encourage them to improve in their areas of 

weakness.

A Critical Synthesis of Literature Regarding the Matching Hypothesis

The purpose of this literature review section is to provide a critical analysis of 

how matching students’ learning styles with appropriate instructional approaches affects 

student achievement. The studies included in this review were selected based on 

predetermined criteria of relevancy and methodological rigor. Only studies deemed to 

meet a certain methodological rigor and to have direct relevancy to the present study 

were included in this analysis. Relevant studies investigated the positive or negative
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impact of matching students’ learning styles with appropriate instructional approac hes 

(independent variable) on student achievement (dependent variable).

The review included articles in peer-reviewed journals and relevant dissertations. 

Participants in the studies ranged from elementary school students to college students 

from domestic and international universities. A variety of educational settings including 

regular education classrooms, special education classrooms, and online settings served as 

settings for the studies. The studies employed a number of designs, including group 

experimental studies, nonexperimental correlational studies, and pre/post studies with a 

control group. There was no study cut-off year for inclusion. Therefore, all peer- 

reviewed articles and dissertations that matched the inclusion criteria were included in 

this review regardless of their year of publication. This review excluded unpublished, 

nonpeer-reviewed studies as well as studies written in a language other than English.

Literature Search Strategy

Several search terms and strategies were used to identify potential studies for 

inclusion. The search strategy involved utilizing the following computerized databases: 

Pro Quest Educational Journal, Education Full Text (EBSCO), ERIC, Pro Quest 

Dissertation, Theses Full Text, and Google Scholar. Keywords and phrases used to 

search the databases included:

• matching students’ learning with teaching styles of teachers;

• matching students’ learning styles with teaching styles and achievement;

• matching students’ learning styles with instructional strategies;

• matching students’ learning preferences with instructional strategies;
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• high school science achievement;

• the matching hypothesis; and

• matching students’ learning styles and teaching styles in high school science 

achievement.

Then, the reference lists of studies identified during the database search as well as 

the reference lists from four relevant literature reviews (Cavanagh & Coffin, 1994; 

Coffield et al., 2004; Lovelace, 2005; Paschler et al., 2008) were manually searched to 

find additional studies that met the inclusion criteria. Also, the references for a book on 

learning style perspectives entitled Learning Style Perspectives: Impact in the Classroom 

(Sarasin, 2006) was reviewed manually to identify relevant studies.

Using this search methodology identified 152 potential studies. Of these 152 

studies, 28 met the criteria for inclusion in the literature review. All 28 studies examined 

the relationship between matching or mismatching students’ learning styles with 

teachers’ teaching/instructional strategies on student achievement. Of the 28 studies, four 

involved college students (Akdemir, 2005; Boles et al., 1999; Bourgeois, 2005, Briggs, 

2004; Charkins et al., 1985; Don Paul, 1992; Dunn et al., 1990,1995; Hsien & Dwyer, 

2009; Hsu, Lin, Chin, & Dwyer, 2009; Mahasin, 2002; Maltzman, 2008; Mitchell, 2005; 

Spoon & Schell, 1998; Tendy, 1998; Tulbure, 2012; Van Vuren, 1992; Wentura, 1984), 

two involved high school students (Bauer, 1991; Guanxin, 2013), five involved middle 

school students (Gokhan & Beyhan, 2013; Minotti, 2005; Orazio, 1999; She, 2005a, 

2005b), and two involved elementary school students (Braio et al., 1997; Briggs, 2004; 

Moore, 1999; Wilson, 2012).
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Results of the Literature Review

This section describes the results of the literature review. It details the 

participants, the instruments used to determine learning styles, and study designs. In 

addition, it addresses the type and analysis of dependent and independent variables.

Snapshot of the participants. A total of 5,241 students and 62 teachers 

participated in the reviewed studies. Students were from all different levels of school 

including elementary school (n = 766), middle school {n = 2119), high school (n = 765), 

and college (n = 1825). Of the 62 teachers, 32 were college professors and 30 were 

middle school teachers. Most studies did not report the gender of participants. Of the 

2,210 participants whose gender was known, 49% were female (n = 1,090) and 51% were 

male (n = 1,120). Similarly, the gender of teachers included in the study was often not 

reported. Among the 12 teachers where gender was known, 75% were female (« = 9) and 

25% were male (n = 3). Sample sizes ranged from 39 to 620 participants. Table 3 

summarizes the instruments used in the studies to identify students’ learning styles.
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Table 3

Summary o f Learning Style Instruments Used in the Literature

Learning Style Instrument Number of 
Studies

References

Kolb’s Learning Style 
Inventory

2 Raksasuk, 2000; Tulbure, 2012

Learning Style Preference 
Questionnaire

3 She, 2005a, 2005b; Gokhan & Beyhan, 
2013

Grasha & Riedmann 
Learning Style Inventory

2 Charkins, O’Toole, & Wetzel, 1985; 
Uzuntiryaki, 2007

Index of Learning Style 
Questionnaire

1 Briggs, 2004

Dunn and Dunn Learning 
Style Inventory

4 Bauer, 1991; Dunn et al., 1990; Dunn et 
al., 1995; Tendy, 1998

LS: CY-SG Instrument 1 Minotti, 2005

CAPSOL Assessment 
Instrument

1 Wilson, 2012

Felder & Solomon (2006) 1 Al-Hajaya & Al-Khresheh, 2012

Myer-Briggs Type Indicator 1 Mitchell, 2005

Principal of Adult Learning 
Scale (PALS)

1 Spoon & Schell, 1998

Learning Style Inventory 1 Moore, 1999

Rose (1985) Learning Style 
Inventory

1 Guanxin, 2013

Rotter’s Inventory Scale 2 Hsien & Dwyer, 2009; Hsu et al., 2009

The VARK Learning Style 
Preference

1 Bourgeois, 2005



35

Overview of study designs used in the reviewed studies. Nine different types of 

study designs were used in the reviewed studies. Eight studies used the nonexperimental 

correlational study design (Bhatti & Bart, 2013; Fox & Bartholomae, 1999; Hargrove et 

al., 2008; Kopsovich, 2001; Pallapu, 2008; Tulbure, 2012; Williams, 2008; Wilson,

2012); three studies used a pre/post study design (Briggs, 2004; Gokhan & Beyhan, 2013; 

Minotti, 2005); and one study used the learning model design (Charkins et al., 1985). 

Spoon and Schell (1998) used the causal-comparative study design, She (2005b) used a 

2-factorial quasi-experimental design and a 3-factorial quasi-experimental design in 

another study (2005a). Uzuntiryaki (2007) utilized the nonrandomized experimental 

design, and Mahasin (2002) used a quasi-experimental design.

The dependent variables analyzed in the reviewed studies. Researchers in all 28 

studies examined the relationship between matching and mismatching student learning 

styles with teaching or instructional strategies on student achievement test scores. The 

achievement tests used included end of course tests, unit tests, state standardized tests, 

and teacher made tests. In addition to academic achievement, one study measured 

retention (She, 2005b), and two other studies measured percent change in students’ 

attitudes toward the course (Charkins et al., 1985; Minotti, 2005).

Independent variables included in the reviewed studies. All 28 studies used 

students’ learning styles as an independent variable (Akdemir, 2005; Bauer, 1991; Boles 

et al., 1999; Bourgeois, 2005; Braio et al., 1997; Briggs, 2004; Charkins et al., 1985;

Don Paul, 1992; Dunn et al., 1990,1995; Gokhan & Beyhan, 2013; Guanxin, 2013;

Hsieh & Dwyer, 2009, Hsu et al., 2009; Mahasin, 2002; Maltzman, 2008; Mitchell,
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2005; Moore, 1999; Orazio, 1999; She, 2005a, 2005b; Spoon & Schell, 1998; Tendy, 

1998; Tulbure, 2012; Van Vuren, 1992; Wentura, 1984; Wilson, 2012). Seven studies 

used both students’ learning styles and teachers’ instructional strategies as independent 

variables (Briggs, 2004; Charkins et al.,1985; Gokhan & Beyhan, 2013; She, 2005a, 

2005b; Uzuntiryaki, 2007; Wilson, 2012). One study used students’ learning styles, 

teaching strategies, and teachers’ learning styles as independent variables (Marrow,

2011).

Review of the Evidence Supporting and Not Supporting the Matching Hypothesis 

The findings of this literature were decidedly mixed with some studies supporting 

the importance of matching and others showing no relationship between matching and 

student achievement. Overall, 13 studies supported the matching hypothesis (Boles et 

al., 1999; Bourgeois, 2005; Braio et al., 1997; Charkins et al., 1985; Don Paul, 1992;

Dunn et al., 1990, 1995; Gokhan & Beyhan, 2013 Maltzman, 2008; Mitchell, 2005; 

Orazio, 1999; Tulbure, 2012; Van Vuren, 1992), and 15 studies did not support the 

matching hypothesis (Akdemir, 2005; Bauer, 1991; Briggs, 2004; Guanxin, 2013; Hsieh 

& Dwyer, 2009, Hsu et al., 2009; Mahasin, 2002; Minotti, 2005; Moore, 1999; She, 

2005a, 2005b; Spoon & Schell, 1998; Tendy, 1998; Wentura, 1984; Wilson, 2012). This 

is similar to findings from Coffield et al. (2004), who found that for every nine studies 

showing improved learning with matching, there were nine other studies that found 

effective learning with a mismatch between student learning style and teacher 

instructional strategies.
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Review of Studies Indicating a Positive Effect of Matching on Student Achievement 

Charkins, O’Toole, and Wetzel (1985) investigated the impact of matching 

students’ learning styles with teacher’s instructional strategies on percent change in 

academic scores and percent change in attitude towards economics. Charkins and 

colleagues (1985) conducted the study among 600 economics college students and 20 

teachers. Results indicated that matching instructional strategies and student learning 

styles increased student achievement and attitude towards economics.

Braio et al. (1997) examined an incremental implementation of learning style 

strategies among 81 special education students and 35 low achievement general 

education students in an urban elementary school. The study used a pre- and posttest 

with control group study design. They found that teaching strategies geared towards 

students’ learning styles resulted in improved reading achievement scores and attitudes. 

Similarly, Mitchell (2005) investigated the effect o f matching teaching styles on 

achievement and attitudes for women in a web-based distance education course. The 

results indicated that there was a statistically significant (p < .001) increase in 

achievement and attitude scores when web-based instruction utilized a teaching strategy 

that matched student learning styles.

Gokhan and Beyhan (2013) examined the relationship between learning style and 

teaching strategies on academic scores. Sixty-four 7th-grade students from two ckisses 

participated in the study. The researchers found that instructional activities based on 

learning styles were more effective in improving students’ academic achievement levels 

compared to unmatched activities. Gokhan and Beyhan (2013) also found that a
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significant difference existed between the control group and the experimental group with 

regards to academic achievement levels. The significant difference was in favor of the 

experimental group. In addition, the experimental group had better retention test scores 

when compared to the control group.

Another researcher, Bourgeois (2005) examined the effects of matching learning 

strategies to learning modalities among adult ESL learners. Bourgeois (2005) found that 

students showed an increased ability to correctly use present perfect when their learning 

style preferences were matched to instructional strategies. Another study by Van Vuren 

(1992) investigated the effect of matching learning style and instruction on academic 

achievement among students receiving an interactive learning experience in chemistry. 

The study, conducted among 167 college students, used the posttest only control with 

randomization design. Van Vuren (1992) found that matching specific instruction with 

student learning styles improved student learning on the topic of titration in chemistry [p 

=  .001).

Orazio (1999) examined the effect of matching and mismatching global and 

analytical learning styles with traditional instructional resources on the achievement and 

attitude of seventh-grade mathematics students. A total of 80 middle school students 

participated in the posttest only study. Orazio (1999) found a partial significance v/hen 

students’ learning style preferences were matched compared to when their preferences 

were mismatched (p < .05).

In another study, Boles, Pillay, and Leonald (1999) investigated the effect of 

matching cognitive styles to computer-based instruction. One hundred thirty-four
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undergraduate students in a digital communication course participated in the quasi - 

experimental research study. Boles et al. (1999) found that matched groups performed 

better than the unmatched groups on the end of course exam.

Furthermore, a study by Don Paul (1992) examined the effectiveness of computer 

assisted instruction (CAI) and lecture as instructional strategies for teaching vocal 

anatomy and function to undergraduate music students with different learning styles. A 

total of 60 undergraduate students participated in the pre-and posttest with control study 

design. Don Paul (1992) observed a significant improvement in student achievement 

when students’ learning styles aligned to instructional strategies.

In another study, Dunn, Ingham, and Deckinger (1995) examined the effects of 

matching and mismatching corporate employees’ perceptual preferences and instructional 

strategies on training achievement and attitudes. Three hundred fourteen sales 

representatives participated in the correlational study. The researchers found that 

employees reported more positive attitudes and achievement scores were significantly 

higher when their learning styles matched instructional strategies compared to when there 

was no match between learning preference and instructional strategies.

Maltzman (2008) investigated the effect of matching student learning styles with 

instructional strategies on community college students’ achievement in and attitudes 

towards developmental reading and writing. One hundred three students enrolled in a 

remedial English course participated in the research study. Maltzman found statistically 

significantly improvement in reading and writing test results when the learning styles 

were matched to the instructional strategies (p < .001).



40

In another study, Dunn, Bruno, Sklar, and Beaudry (1990) examined effects of 

matching and mismatching on mathematics scores among minority college students. Six 

hundred technical college students participated in the correlational study. Results 

indicate that a significant relationship existed between students’ diagnosed 

hemisphericity (successive/simultaneous), their learning style preference, and their math 

scores.

In the last study, Miller (1998) investigated the enhancement of achievement and 

attitudes through individualized leaming-style presentations. A total of 96 students in a 

college of health-related professions participated in the study. The researcher found that 

there was a correlation between learning preferences of the students and class 

examination scores. Students’ attitude measures were also significantly higher when 

Programmed Learning Sequences were used compared to when traditional learning 

methods were used. Miller (1998) described Programmed Learning Sequence as a 

progressively monitored, step-by-step teaching method, employing small units of 

information or learning material and frequent testing, whereby a student must complete 

or pass one stage before moving on to the next.

An analysis of the significant results showed that two of the studies with 

significant results used the Gregorc Style Delineator, two used the Productivity 

Environmental Preference Survey (PEPS), one used the Grasha-Riechmann Learning 

Style Instrument, one used the VARK instrument, one used the Learning Productivity 

Style instrument, two used the Dunn and Dunn Learning Style Inventory, one used the 

Dunn and Smith (1994) Learning Style Instrument, and one used the Myers-Briggs Type
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Indicator (MBTI). When the significant studies were analyzed using the learning style 

identification instruments used, no discernible trends were observed. The reason for the 

lack of a trend may be attributed to the low overall number (14) of studies and the fact 

that most studies used a different instrument to classify students’ learning style 

preferences. When the significant studies were analyzed in light of the study designs 

used, four studies employed correlational study design, three used pre-and posttest study 

designs, one used a case study design, one used an ex post study design, and one used a 

quasi- experimental design. Again, there was no discernible trend observed when the 

significant studies were analyzed in light of the study designs used. Table El in 

Appendix E provides further descriptions of studies indicating a positive effect of 

matching on student achievement.

Review of Studies Indicating a Negative or Null Effect of Matching on Student 

Achievement

Uzuntiryaki (2007) examined the relationship between learning styles of 265 high 

school chemistry students in 10th grade and the teaching strategies (styles) of seven 

teachers using a nonrandomized experimental design. He found that students who 

received a facilitator/personal model/expert teaching strategy had significantly better 

understanding of the concepts compared to students who received a 

delegator/facilitator/expert teaching strategy. However, there was no significant effect on 

student achievement when students’ learning styles were matched with teachers’ 

instructional strategies.
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Hsien and Dwyer (2009) investigated the instructional effect of online reading 

strategies and learning styles on student academic achievement. One hundred sixty-nine 

undergraduate students participated in the correlational design study. Hsien and Dwyer 

found no significant association between learning styles and reading strategies.

In another study, Minotti (2005) investigated the effect of students’ leaming- 

style-based homework prescriptions on the achievement and attitudes of 167 middle 

school students. All groups showed gains on the unit test scores. However, the gains 

were much larger for the control group (7 points higher between pretest and posttest) 

when compared to the experimental group (1 point higher between pretest and posttest) 

with (p < .001).

She (2005b) investigated ways to enhance the ability of eighth graders to learn the 

concept of buoyancy. The researcher examined the interaction of teacher’s instructional 

approach and student’s learning preference styles among 498 eight grade students.

Results indicated that the four different types of instruction significantly affected 

students’ posttest and retention test achievement. A significant effect was found on the 

different types of instructions on both the posttest scores (F = 6.82, p  = 0.000) and 

retention test (F= 2 . \4 ,p  = 0.095). However, upon examination of the effect of 

matching students’ learning preferences with the four types o f instruction, there weis no 

significant difference in either posttest scores (F -  2.18, p  = 0.089) or the retention test (F 

=1.56, p  = 0.199). Nonetheless, the study did show that students with procedural learning 

preferences performed better on a posttest than did the other groups after receiving 

procedural learning instruction.
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Another study by She (2005a) examined the effect of matching students’ learning 

styles and teachers’ instructional strategies on the ability of students to understand air 

pressure concepts. Four hundred sixty-two 8th graders (232 males and 230 females) from 

16 classes in 4 schools participated in the study. This study did not show that matching 

students’ learning styles with instructional strategies (style) would bring successful 

learning for all. However, it did show that students with procedural learning preference 

styles performed better on a posttest than did the others after receiving procedural 

learning instruction.

Wilson (2012) matched learning styles and instructional strategies to determine 

whether student academic achievement would be improved. A total of 187 students from 

13 classes in three elementary schools participated in the study. The results indicated no 

significant correlation between the degree of match of students’ learning styles and 

instructional strategies in all subjects.

Yilmaz-Soylu and Akkoyunlu (2009) examined the effect of learning styles on 

achievement in different learning environments. Thirty-nine college level students in an 

education and instructional technology undergraduate program in Turkey participated in 

the study. Yilmaz-Soylu and Akkoyunlu (2009) found no significant difference between 

instructional strategies in a computer-mediated environment (narrative + music + text + 

static pictures). In addition, there was no significant change in student achievement when 

students’ learning style was matched with the instructional strategies (p = .53). Another 

study by Hsu et al. (2009) examined the effects of web-based instruction navigation 

modes on undergraduates’ learning outcomes. Sixty-eight undergraduate students were
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randomly selected to participate in the study. Yilmaz-Soylu and Akkoyunlu (2009) 

concluded that matching or mismatching navigation modes with learners’,preferences did 

not have significant effect on their learning outcomes .

French (1991) examined the relationship between congruent and incongruent 

instructional methods and first-grade reading vocabulary achievement. A total of 104 

first-grade students participated in the correlational study. The researcher found that 

matching learning styles with instructional strategies did not result in improved 

achievement. However, achievement scores were higher in reading vocabulary when 

taught by tactual/kinesthetic methods.

A study by Briggs (2004) examined the effectiveness of matching students’ 

learning styles with teachers’ teaching styles on achievement in mathematics. Seventy- 

nine fourth-grade, at-risk students participated in this study. There was no statistically 

significant difference between children who received matched and mismatched 

instruction. The results may have been affected by students’ inability to process 

information, low self-esteem, lack of motivation to learn, and the teacher’s inability to 

effectively teach mathematics, as well as the presence of a negative learning 

environment.

Another study by Wentura (1984) examined the effect of matching teaching styles 

and learning styles on student performance in a university class. Twenty instructors and 

463 college students participated in the study. Wentura (1984) found no significant 

difference between matched and unmatched teaching and learning styles with respect to 

students’ academic performance.
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Akdemir (2005) investigated the effect of matching and mismatching learning 

styles and instructional strategies on students’ perception of learning outcomes. Students 

enrolled in an online graduate course at Syracuse University participated in the study. 

Providing instructional strategies aligned to students’ learning styles (field dependent/ 

field independent) did not improve students’ perceived learning outcomes.

In another study, Tendy (1998) examined the effects of matching and 

mismatching perceptual and sociological learning styles preferences of individuals in a 

group exercise leadership instructor training program. Fifty-eight college students 

participated in the study. Tendy (1998) found that there was no significant difference in 

psychomotor skills achievement or cognitive achievement for the matched and the 

mismatched groups.

Mahasin (2002) investigated the effects of matching supervisor instructional 

strategies with trainee learning styles in counselor education. Thirty-two counseling 

practicum master-level students and 23 advanced degree supervisors participated in the 

study. Mahasin (2002) observed no statistical difference between the basic counseling 

competency scores of the control group compared to the experimental group.

Bauer (1991) examined the relationship between and among learning style 

perceptual preferences, instructional strategies, mathematics achievement, and attitudes 

toward mathematics among 75 learning-disabled and emotionally handicapped students 

attending a suburban junior high school. Bauer found that matching instructional 

strategies with students’ learning style preferences did not significantly improve their
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math scores. However, students’ attitudes towards math significantly improved by 

matching instructional strategies to students’ learning style preferences.

In another study, Moore (1999) investigated the effects of matching versus 

nonmatching instructional strategies on achievement and attitudes among 200 second- 

grade urban elementary school students. The researcher found no significant difference 

between the matched group and the unmatched group in relation to student math 

achievement scores. Another study by Raksasuk (2000) examined the effects of 

matching learning styles with participatory interaction modes on student achievement 

among 195 first year students attending a web-based instructional course on library' and 

information science in Thailand. Raksasuk found no significant effect in the amount of 

information learned when instruction was matched to students’ learning styles preference.

Al-Hajaya and Al-Khresheh (2012) investigated the effect of a cognitive learning 

style-based reading program on the achievement of Jordanian freshmen English majors. 

One hundred four students participated in the study. The researchers found no 

statistically significant improvement in reading achievement when instructional strategies 

were matched with the global and analytical learning styles. Wilson (2012) examined 

students’ learning style preferences and teachers’ instructional strategies. The results 

indicated no significant correlation between the degree of match of students’ learning 

styles and instructional strategies in all the subjects. The results for English language arts 

were (r = .030; p  = .684), those for mathematics were (r =.013; p  = .857), and those for 

science were (r = .087; p  = .235).
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Rahal (1986) examined the effect of matching and mismatching the diagnosed 

learning styles of intermediate level students with their structural preferences in the 

learning environment. Three hundred seventy six students and 19 teachers participated in 

the study. Rahal found that both the matched and the mismatched learning and teaching 

styles showed a significant improvement on academic achievement. Finally, a study by 

Spoon and Schell (1998) found no statistically significant difference among the group 

mean scores on a posttest comparing students who received and did not receive matched 

instruction.

An analysis of the nonsignificant matching studies indicated that more than half 

of the studies were doctoral dissertations (9 out of 16 studies). The other seven studies 

were peer-reviewed journal articles. The most used study design was the correlational 

study design with seven studies, followed by the 2-factorial study design with three 

studies, the pre-and posttest without control group was used in two studies, the rest of the 

studies used a variety of study designs. A variations of the Dunn and Dunn Learning 

Style Inventory dominated the instruments for learning style identification used in these 

studies. Of the 15 studies, five used the Dunn and Dunn Learning Style Inventory, two 

used the Myers-Briggs Learning Style Delineator, and the rest of the studies each used a 

different learning style identification instrument. However, none of the nonsignific ant 

studies used the VARK Learning Styles Inventory and no trends developed from the 

synthesized literature.

Table FI in Appendix F provides further description of studies indicating a 

negative effect of student learning styles on student achievement. Overall, 17 studies
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were conducted at the college level, five studies at the middle school level, four studies 

at the elementary level and only two studies at the high school level. Clearly, there is a 

need for more studies to establish the link or lack thereof regarding the matching 

hypothesis at the high school level.

Summary of Methodological Rigor of the Studies Included in this Critical Review

The article analysis template for group experimental studies was used to evaluate 

the 28 studies included in the literature review. The article analysis template for group 

experimental studies consists of four types of threats to experimental validity (Shadish, 

Cook, & Campbell, 2002, p. 54-63). These threats include: (a) threats to internal validity,

(b) threats to external validity, (c) threats to construct validity, and (d) threats to statistical 

conclusion. For this methodological review, I concentrated mainly on threats to internal 

validity such as ambiguous temporal precedence, selection, history, maturation, 

regression to the mean, attrition, testing, instrumentation, and additive and interacti ve 

effects.

As part of the methodological review, three studies may have violated the 

maturation threat to internal validity. In addition, lack of randomization of the groups 

was also observed in these studies, which may have led to a selection bias, threatening 

the internal validity of the study. These studies used a convenient sampling method 

whereby the entire classes were a group. This may have led to the key feature of 

selection bias, which is a “confounding of treatment effects with population difference” 

(Shadish et al., p. 56).
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The other seven studies with differing methodological designs (Briggs, 2004; 

Charkins et al., 1985; Marrow, 2011; She, 2005a, 2005b; Spoon & Schell, 1998) were 

also evaluated using the article analysis template for group experimental studies. 

Generally, the same threats to internal validity (selection and maturation) seemed to may 

have been violated in these studies as well. Thus, the methodologies used in reviewed 

studies are problematic.

Two major systematic reviews of the literature on matching learning styles with 

instructional and teaching styles (Coffield et al., 2004; Pashler et al., 2008) found no 

empirical evidence to support the matching hypothesis. However, Coffield et al. (2004) 

suggested that the lack of empirical evidence to support the matching hypothesis may be 

due to a lack of rigor and weak study designs.

In summary, the evidence for the matching hypothesis on student achievement is 

mixed, making it difficult to draw conclusions. Moreover, many studies utilized 

inappropriate and weak study designs, further hampering our ability to understand the 

utility of the matching hypothesis as an instructional strategy. In addition, most studies 

were conducted at the college level. Thus, the impact of the matching hypothesis at the 

high school level remains uncertain. Studies can address these gaps by assessing the 

effectiveness of the matching hypothesis in a high school setting. In addition, the study 

can utilize a single-case study design for it is proven to have rigor and excellent controls 

to threats to internal validity such as maturation and selection (Barlow, Knock, & Hersen, 

2009; Homer et al., 2005), and it has not been used in any of the reviewed studies, ;md 

thus represents a new methodology in this area of educational research.



50

Theoretical Framework of the Study 

The research findings uncovered during the literature review were essential in 

informing the direction of the current study. The conceptual framework for this study, 

from which the research questions and hypotheses are developed, derived from the 

literature review summarized in this chapter. Figure 3 represents the conceptual 

framework of the study. Figure 3 is divided into three sections namely: the VARK 

Learning Style Inventory, Teaching Instructional Strategies, and Impact on Students’ 

Outcomes section. The VARK learning style section represent student learning styles as 

characterized for the VARK learning style inventory. The VARK learning style 

inventory classifies student learning styles into five major groups. The groups are: Visual, 

Audial, Read/Write, Kinesthetic, and Multimodal.

Section Two, Teaching Instructional Strategies, lists the instructional strategies 

required to be matched with student learning style preferences. These strategies include 

visual, audial, read/write, kinesthetic, and multimodal strategies. Since the conceptual 

framework was based on the matching hypothesis, it was hypothesized that matching 

student learning style preferences with instructional strategies would improve both 

cognitive learning outcomes (quiz scores) as well as affective learning outcome 

(enjoyment of the course).

The last section of the figure, Impact on Students’ Outcomes, list the two 

instruments used to collect data student outcomes when student learning styles wen; 

matched with instructional strategies. The instruments were teacher-created quizzes and 

the TOSRA survey. As discussed in Chapter 2, the conceptual framework was based on
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the matching hypothesis that matching student learning styles with instructional strategies 

improves students’ cognitive outcomes (academic achievement as measured by the quiz 

scores) and enjoyment of science lessons as measured by the TOSRA survey instrument.

The VARK Learning Teaching Instructional Impact on
Style Inventory Strategies Students’ Outcomes

Audial

Audial
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Visual

Kinesthetic
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Figure 3. Conceptual Framework of the Study



CHAPTER 3 

METHODOLOGY 

Overview of the Research Design

The intent of this study was not to prove or refute the existence of learning styles. 

Instead, it investigated the hypothesis that people learn better when they are taught in a 

way that meshes with their unique learning preference. In other words, this study 

examined the hypothesis that matching students’ learning preference with instructional 

strategies improves students’ learning outcomes. This concept is generally known as the 

matching hypothesis in teaching and learning.

To investigate the matching hypothesis, this study used a single-participant, 

multiple treatment design replicated across four individuals who had four different 

learning styles. First these students were classified into four popular learning preferences 

(visual, audial, kinesthetic, and read/write) using the VARK learning preference 

inventory. Next, instructional strategies designed based on these learning styles were 

presented and each learner completed several tests in each of the phases (visual, audial, 

kinesthetic, and reading/writing) to assess their performance and enjoyment of the 

lessons. Changes in the students’ quiz scores and their enjoyment of lessons were then 

compared across baseline and intervention conditions.

Research Questions and Hypotheses

This dissertation research proposed to answer the following research questions:

52
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1. How do student achievement on teacher-created quizzes in high school 

chemistry course improve when instructional strategies used match student 

learning style as opposed to when instructional strategies used do not match 

student learning styles?

2. Do students’ enjoyment of science as measured by the TOSRA Scale 

increases when instructional strategies used match their learning style as 

opposed to when instructional strategies used do not match student learning 

styles?

In addition, this study attempted to prove the following hypotheses:

1. Student scores on teacher-created quizzes in a high school introductory 

chemistry course will increase when students’ learning style are matched with 

the instructional strategies compared to when they are not matched.

2. Student enjoyment of science will increase when instructional strategies are 

matched with student learning style compared to when instructional strategies 

are not matched with student learning styles.

Origin of the Single-Participant Design

Single-participant study designs have direct origins in the history of psychology 

and physiology. The two disciplines became a science based on their initial emphasis to 

experiment on individual organisms. Johannes Muller and Claude Bernard founded the 

science of psychology in the 1830s (Barlow, Nock, & Hersen, 2009). Paul Broca 

transformed the applied research field with his landmark research in 1961 on brain 

functions that led to the discovery of the speech center of the brain (Barlow et al., 2009).
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Early influential scientists in applied research include Marshal Hall and Piere Flouren, 

who introduced the extirpation of parts methodology in the 1850s (Barlow et al., 2009). 

This method mapped out the functions of the brain by intentionally destroying parts of 

the brain in animals to identify affected behavior (Barlow et al., 2009). Another notable 

scientist in the field of applied research was Hermann Ebbinghaus, who invented the 

experimental instrument to measure learning and forgetting using nonsense syllables 

(Barlow et al., 2009). Ebbinghaus’s research was remarkable due to the emphasis he put 

on repeated measures of performance in one individual over time (Barlow et al., 2009).

In current research, his findings serve as the basis for the single-participant study design.

Another scientist who revolutionized the world of psychology and physiology was 

Ivan Pavlov, who focused much of his work on the principles of association and learning 

(Barlow et al., 2009). Pavlov’s findings derived from single organism studies, and 

replication with other organisms reinforced his findings (Barlow et al., 2009). Pavlov’s 

era marked the peak of the study of individual organisms. Burrhus F. Skinner’s work can 

be directly linked to the work of Pavlov, for both scientists used the single -participant 

study approach to research (Barlow et al., 2009). The concept of repetition was central to 

their research work.

According to Homer et al. (2005), single-participant research is a “rigorous, 

scientific, methodology used to define basis principles of behavior and establish 

evidence-based practices” (p. 165). Single-participant study designs are experimental 

rather than correlational or descriptive. The purpose of single-participant study design is 

to document causal or functional relationships between the independent and dependent
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variable. Furthermore, single-participant research uses within- and between-subject 

comparisons to control threats to internal validity. Single-participant research requires 

systematic replication to enhance external validity (Homer et al., 2005). The main 

difference between group and single-participant designs is how each demonstrate 

experimental controls. In single-participant studies, the subject acts as his own control, 

whereas in group studies, like randomized control trials, the control or comparison group 

serves as a control to the experimental group.

Types of Single-Participant Designs

There are four types of single-participant study designs, namely:

(a) Basic Design (A-B),

(b) Withdraw Designs which consists of the A-B-A Design and the A-B-

A-B Design,

(c) Multiple Baseline Designs, and

(d) Multiple Treatment Design (A-B-C-D-E-and-F).

The A-B design is the basic of all the single-participant designs. It consists of a 

baseline phase with repeated measurements and an intervention phase. The major 

limitation to the A-B design is that it cannot rule out threats to internal validity such as 

history. Therefore, it is impossible to conclude that treatment alone caused the change. 

However, repeated measurements during the baseline phase do allow for ruling out other 

threats to internal validity. The A-B design also provides evidence for the association 

between the intervention and the change. Thus, it is analogous to a quasi-experimental 

design (Barlow et al., 2009).
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There are two types of withdrawal designs: the A-B-A design and the A-B-A-B 

design. The withdrawal design generally means that the intervention is removed (A-B-A 

design) or stopped for a duration before it is reintroduced (A-B-A-B design). The A-B-A 

design builds upon the A-B design by including a follow-up phase with repeated 

measurements, and it provides additional support for the effectiveness of the intervention. 

The A-B-A-B design has a built-in second intervention phase. The two intervention 

phases are identical. This is important because the second intervention phase can be used 

to verify the effectiveness of the first intervention. For example, if the effect of the first 

intervention begins to wear off during the follow-up phase, then the reintroduction of the 

second intervention phase will confirm whether or not the effect was due to the 

intervention or if it is a result of other threats to internal validity, such as history. The 

withdrawal design uses the individual as the control for the impact of the intervention. 

This design suffers from two major limitations. First, the target behavior cannot be 

reversed, and second, it may be unethical to with draw treatment early (Barlow et al., 

2009).

The multiple baseline design solves most of the limitations suffered by the 

withdrawal designs. This design adds additional subjects, target problems, and setting to 

the study in order to control the effect of history. The basic format for the multiple 

baseline design is a concurrent multiple baseline design with a series of A-B designs 

(sometimes A-B-A or A-B-A-B designs) implemented at the same time for at least three 

cases (clients, target problems, or settings). The data is collected at the same time tor the 

three cases. The main feature of this design is that the length of the baseline phase is
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staggered to control for threats to internal validity, such as history. A major limitation of 

the multiple baseline design is that it requires all subjects to start at the same time; 

therefore, procuring a proper amount of available subjects is sometimes difficult. 

However, multiple baseline designs are useful in that they introduce two replications. 

Thus, if consistent results are found, the likelihood of an external event causing the 

change is reduced (Barlow et al., 2009).

Lastly, the multiple treatment design is a type of single-participant design 

whereby the nature of the intervention changes over time. In this design, either the 

intensity of the design may change (characterized by A -B 1-B 2 -B 3 -B4  where each phase 

represents a different intensity of the same intervention), or the actual intervention may 

change over time (characterized by the A-B-C-D, where the A, B, C, and D phases 

represent different interventions). One major issue to consider when conducting research 

using multiple treatment study designs are the carryover effects caused by the order of 

interventions. Therefore, it is paramount to make sure the random introduction of 

treatments to reduce the likelihood of a carryover effect occurring.

Rationale for Using Single-Participant Design in This Study

As discussed in the critical review section, many of the studies reviewed for this 

study violated threats to internal validity (selection and maturation). The methodologies 

used in the reviewed studies lacked rigor and randomization and failed to control for 

threats to internal validity. Coffield, Mosley, Hall, and Ecclestone (2004) argued that the 

lack of empirical evidence for the matching hypothesis may be due to a lack of rigor and 

weak study designs used in most of the studies in this area and that studies with mo re
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rigorous study designs are needed to investigate this claim. Therefore, this study used a 

single-participant study design to control threats to internal validity such as maturation 

and selection.

The study design has also been evaluated using the What Works Clearinghouse 

(WWC) Procedures and Standards Handout Version 3.0 (WWC™, 2014). WWC 

classifies Single-Case Study Designs into three categories: Meets WWC the WWWC 

Pilot Single-Case Design Standards without Reservation (best design), Meets WWC Pilot 

Single-Case Design Standards with Reservation (good design), and Does Not Meets 

WWC Pilot Single-Case Design Standards (bad design). The methodological design for 

this study meets the WWC Pilot Single-Case Design Standards without Reservation 

(WWC™ , 2014). To reduce the likelihood of a carryover effect, instructional strategies 

were randomly introduced using a random number generator. Thus, the methodology for 

this research study addressed many of the design weaknesses found in the reviewed 

literature and added valuable information for or against the matching hypothesis, 

particularly in science classrooms and especially at the secondary education level.

Study Population

The subjects chosen for this study were students in a high school chemistry course 

in a suburban metro Atlanta public school district. In this district, like in many others in 

metro Atlanta, it was a requirement for students to take a beginning chemistry course as a 

stipulation for high school graduation. Approximately 30 students in this beginning 

chemistry course were given an online version of the VARK questionnaire. The students
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with the highest scores on each of the four learning style categories (Visual, Auditory, 

Read/Write, and Kinesthetic) met the selection criteria to participate in the study.

Study Setting

This study took place in a high school in an upper income suburban neighborhood 

in the Southeastern United States. At the time of the study, the school had approximately 

1500 students: 50% White, 30% African-American, 25% Hispanic and 5% Asian and 

other. Approximately 14% of students received free or reduced price lunches. Most 

students were female (55%), with males comprising just under half of the student 

population (45%). Students were between 16 and 19 years old.

This research took place in a classroom arranged into two rows with eight lab 

desks in each row. The classroom had a Promethean board, LCD projector, laptops, I- 

pads, and student response systems that the researcher used on a daily basis. In the back 

of the classroom, five desktop computers connected to the internet were for student use. 

The students in the class were very diverse with a variety of racial and ethnic groups 

represented and came from a range of socio-economic backgrounds. The classes 

contained a fairly even gender distribution.

Selection of Participants

Students were selected based on their scores on the VARK questionnaire. To 

begin the selection process, all students currently enrolled in a beginning chemistry 

course were given an online version of the VARK questionnaire. The researcher invited 

the six students with the highest scores on each of the four learning style categories 

(Visual, Auditory, Read/Write, and Kinesthetic) to participate in the study.
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A letter detailing the rationale of the study was sent home with each of the invited 

students. The letter also solicited parental or guardian consent for the student to 

participate in the study (see Appendix C). Prior to enrollment, each student partici pant 

gave verbal assent (see Appendix D). The letter home included one screening question to 

determine whether the family planned to relocate elsewhere during the duration of the 

study. The purpose of this question was to ascertain the availability of the selected 

participant for the entire duration of the study. Participants whose families planned to 

relocate during the study and/or who were unwilling or unable to provide consent to 

participate in the study were excluded from study enrollment. One student did not 

complete the study due to excessive absences. Table 4 depicts the demographic 

information of the remaining five students.

Table 4

Demographics o f the Five Student Participants

Participant Number 
and Name 
(n = 5)

Gender Age (Years) Race Grade Level

1 F 16 A 11
2 F 16 H 11
3 F 16 H 11
4 F 16 H 11
5 F 16 W 11

Note. Racial Categories: W= White; H -  Hispanic; AA = African American; A = Asian. 
Gender: M = Male; F = Female
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Instruments Used

This study utilized three instruments to collect data: the VARK Learning Style 

Inventory (Fleming & Mills, 1992), teacher-created quizzes adopted from the county 

science questions bank, and the Test of Science-Related Attitudes (TOSRA). The 

researcher used the VARK Inventory to identify student learning preferences. Teacher- 

created quizzes determined student achievement throughout all phases of the research 

study. The test of science-related attitudes measured the levels of student enjoyment of 

science lessons.

The VARK Learning Style Inventory

The VARK Learning Style Inventory categorizes students’ learning preferences 

into one of four categories (visual, audial/aural, read/write, and kinesthetic) based on 

their perceptual responses. In addition, students who are capable of using more than one 

learning style equally well qualify for the category as multimodal learners (Fleming & 

Mills, 1992). These categories are how individuals prefer information delivered to them 

and how they prefer to deliver information (Lang, 2004). The VARK Learning Style 

Inventory consists of 16 questions; the highest score received in each category determines 

a student’s learning style.

Validity and reliability of the VARK Inventory. Fleming and Baume (2007) 

reported that a population of over 44,000 (39.1%) individuals tested with the VARK 

Inventory prefer a single learning style, and 59.6% have multimodal learning styles. The 

strength of VARK is that its questions and options are drawn from real life. The majority 

(59.4%) of participants inventoried said that the results match their own learning style
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preferences (Fleming & Baume, 2007). Leite, Svinicki, and Shi (2010) examined the 

statistical validity and reliability of the VARK questionnaire. The researchers’ analysis 

produced reliability estimates of .85, .82, .84, and .77 for visual, aural, read/write, and 

kinesthetic, respectively. Based on these findings, the researchers validated the use of the 

VARK version 7 Inventory as a learning styles preference diagnostic tool. The 

researchers warned that the VARK questionnaire had not yet received a comprehensive 

validation and should be used with caution to predict students’ preferred learning styles 

permanently. In addition, the popularity of the VARK comes from its face validity, 

simplicity, and practicality (Rogers, 2009). This short-term study (four-week 

intervention), therefore, met the suggested use of the questionnaire by the researchers 

who validated this instrument.

Furthermore, a number of researchers utilized the VARK Learning Style 

Inventory to examine the effect of learning style preferences on academic performance 

(French, Cosgriff, & Brown, 2007; Lincoln & Rademacher, 2006; Meehan-Andrews, 

2009; Urval et al., 2014). After investigating the usability features of the VARK, 

Wehrwein, Lujan, and DiCarlo (2007) made favorable conclusions regarding the 

instrument. Wehrwein et al. (2007) found increased teacher awareness of student 

differences evident in instructional decision-making and willingness to implement 

diverse teaching strategies and assessments. In addition, the VARK supports the concept 

of matching student learning styles to teaching methods and motivates educators to 

redesign resources and educational environments. Finally, the VARK allows students a 

chance to engage their teacher in dialogue regarding their learning style.



Teacher-Created Quizzes

The researcher adapted the questions developed and validated by the metro 

Atlanta county from the science questions bank to create quizzes (see Appendix G) 

specific to the content covered in each phase of the study (Visual, Audial/aural, 

Kinesthetic, and Read/Write). Expert teachers in the content area developed and 

disaggregated the questions to meet each domain’s requirement for each of the county’s 

science standards (Personal Communication, March 18th, 2015). According to D. Woods 

(Pseudonym), use of the questions in the county for the past six years has met with 

consistent results (Personal Communication, March 18th, 2015).

The researcher administered a total of 12 quizzes (multiple choice and short 

answer question format). The baseline phase included three quizzes, and there were three 

quizzes for each of the intervention phases (Visual, Audial, Read/Write, and Kinesthetic). 

Students answered questions by choosing from four possible, multiple choice solutions; 

filling in the blank; or matching items. The teacher-created quizzes evaluated students’ 

comprehension, computation, problem-solving, conceptual understanding, and analytical 

skills for the various chemistry sub-topics (Matter and Change, Atomic Structure, 

Electrons and Periodicity: Understanding the Periodic Table, and Chemical Formulas, 

and Nomenclature) covered during this study. Chapter 4 presents the results of the 

students’ scores as raw scores.

The Test of Science-Related Attitudes (TOSRA)

This study utilized the Test of Science-Related Attitudes (TOSRA) to meas ure the 

science-related attitudes of the participants. Developed by B. J. Fraser (1978), the scale
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has seven science-related attitude scales: social implication of science, attitude tow ard 

scientific inquiry, adoption of scientific attitudes, enjoyment of science lessons, leisure 

interest in science, and career interest in science. TOSRA has been widely used in 

science education research (Cheung, 2009; Lang, Wong, & Fraser, 2005). The intention 

of the subscale used in this study was to assess student enjoyment of science lessons in 

the middle and high school settings. The researcher selected this instrument because it is 

user-friendly, it requires just basic understanding statistics, it was developed specifically 

for middle and high school students, and it has high reliability with an internal 

consistency of .82 and test-retest reliability of .82 (Cheung, 2009).

In addition, the subscale possesses a good discriminant validity, which is the 

extent to which a scale measures a unique attitude not measured by other scales in the 

battery. When used with a sample of 1,337 students, the TOSRA scale intercorrelation 

was generally low, ranging from .10 to .59 with a mean of .33. The subscale has also 

been cross-validated in Australia and the United States. Furthermore, the subscale 

produces results that are easy to interpret. Data from the enjoyment of science 

lessons/activities scale were first analyzed by rating the scales score from one to five 

(five for strongly agree and one for strong disagree). By reversing the scale rating (five 

for strongly disagree and one for strongly agree), the researcher scored the reversed items 

(items with R next to them). Omitted items received a score of three. The researcher 

then placed the scores into a range from 0 to 40, with higher scores indicating greater 

enjoyment of the lesson activities.
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Independent Variable 

The independent variable for this study was the alternating instructional strategies 

(see Appendix G for the four lesson plans used). Based on the results of an online, 

random number generator, lessons were taught in the following order: visual learning 

style preferences, aural/audial learning style preferences, read/write learning style 

preferences, and kinesthetic learning style preferences. For each treatment condition, the 

researcher collected data to ascertain the effect each lesson had on the two dependent 

variables described below.

Dependent Variable 

The two dependent variables for this study are student performance and 

enjoyment o f  science lessons.

Procedures

This section presents the data collection procedures of the study. The participants 

engaged in five phases of data gathering. These consisted of the baseline phase and the 

intervention phases comprised of visual, auditory, kinesthetic, and read/write 

interventions. The procedures took four weeks to implement.

Baseline Phase

The study had five phases: a baseline phase and four intervention phases (visual 

intervention, audial intervention, read/write intervention, and a kinesthetic intervention). 

During the baseline phase, the students received instruction for one week using regular 

classroom instructional strategies. Also during this phase, the researcher administered 

and scored three quizzes and three TOSRA surveys to establish a trend. During each
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intervention phase, the researcher collected three additional quiz scores and TOSRA 

surveys to examine whether a functional relationship existed between the independent 

variable (learning style and instructional strategy) and the two dependent variables 

(student test scores and enjoyment of the course). To form a complete picture of what 

occurred in the class, the researcher also noted other anecdotal data, such as student 

behavior and interests.

Intervention Phases

Each intervention phase took one week to complete. The study did not include a 

intervention phase for the multimodal learning style preference since the teaching 

strategies used would be the same in the intervention phase as in the baseline phase:. To 

prevent a carryover effect, the intervention phases were randomly selected using a 

random number generator. During the intervention, five topics of study were covered 

including:

(a) Matter and Change,

(b) Atoms and Atomic Structure,

(c) Electrons and Periodicity: Understanding the Periodic Table,

(d) Chemical Formula and Nomenclature, and

(e) Types of Reactions and Balancing Equations.

Kinesthetic intervention phase. Kinesthetic learners process information through 

hands-on experience. During this phase, students participated in experiential learning 

strategies, including labs, coloring o f diagrams, and creating artifacts related to the
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information. Strategies that involve whole body motion were also used. The study 

participants engaged in testing three times during the one-week duration.

Visual intervention phase. During the visual intervention phase, the researcher 

implemented instructional strategies and materials catering to a visual learner.

Information was presented with a lot of visual cues, such as photographs, diagrams, 

PowerPoint presentation, charts, conceptual maps, and movies. To aid the visual learner 

to receive and process information according to their preferences, the researcher used 

mnemonics. The study participants engaged in testing three times during the one-week 

duration of this portion of the study

.Auditory intervention phase. During the audial intervention phase, instructional 

strategies and learning materials catering to auditory learners were used. The researcher 

presented information orally, with storytelling and retelling of information encouraged. 

Other instructional strategies included group discussions, listening to recorded tapes of 

presented information, and reading aloud. The study participants engaged in testing three 

times during the one-week duration.

Read/Write intervention phase. Students with the read/write learning style 

preference learn best by writing and reading the text. Instructional strategies used during 

this phase included reading and summarizing information from a textbook, writing essays 

on what they have learned, and the use of handouts and worksheets. The study 

participants engaged in testing three times during the one-week duration.
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Timeline for Study Completion 

As shown in Table 5, the timeline for study completion was six weeks from start 

to finish.

Table 5

Timeline o f the Study

Activities Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Collecting learning style
preference/parental
consent

X

Kinesthetic intervention X

Visual intervention X

Audial intervention X

Read/write intervention X

Data synthesis phase X

Data Analysis

Participant quiz scores across treatment conditions (instructional strategies and 

learning preferences) were analyzed using visual analysis. Visual analysis includes 

changes in quiz scores trends, levels, and variability within and across the baseline and 

treatment conditions. Meaningful difference between participants’ quiz scores across 

conditions is evidence of an effective intervention (Barlow & Hersen, 1984). Increasing 

or decreasing trends in data across treatment conditions compared to baseline data were



69

analyzed (Tankersley, Harjusala-Webb, & Landrum, 2008). To assess whether a 

relationship existed between the dependent and the independent variable, the researcher 

examined each participant’s quiz score across each phase of the study to assess changes 

during the baseline phase and the intervention phases.

The researcher analyzed the data from the enjoyment of science lessons/activities 

scale by rating the scales score from one to five (five for strongly agree and one for 

strong disagree). The reversed items (items with R next to them) were scored by 

reversing the scale rating (five for strongly disagree and one for strongly agree). A score 

of three was given to omitted items. The scores were then put into a range from 0 to 40, 

with higher scores indicating greater enjoyment of the science lessons/activities.

Ethical Safeguards

The Institutional Review Board (IRB) at Mercer University, as well as by school 

and district officials, reviewed and approved the procedures outlined in this study prior to 

the start of any research activities (see Appendix A and B respectively). After receiving 

an explanation of the study parameters and purpose and a guarantee of privacy, the 

district representative, school principal, and parents or guardians of participants provided 

informed consent (see consent form in Appendix C). Assent was also obtained from the 

students themselves (see Appendix D).

The researcher took several precautions to protect the confidentiality of the 

participants’ information. Paper records were kept in locked filing cabinets, and 

electronic information was stored on a password-protected computer. To avoid using 

participants’ names on any study reports, each participant received a study number and
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pseudonym for use on all study forms and documents. Only the primary investigator had 

access to the list connecting participant names and identification numbers. This list was 

kept in a separate, locked filing cabinet for the duration of the study and destroyed after 

the completion of data collection and analysis. To further ensure privacy, data collected 

as part of this study is stored at Mercer University for three years after completion of the 

study to allow for data analysis and report writing. After this time, the data will be 

destroyed.

To minimize the possibility of participants dropping out from the study, the 

permission letter sent home to parents and guardians of eligible students included a 

screening question. This question asked whether families planned to relocate during the 

duration of the study. Only prospective participants whose parents indicated no plans to 

relocate during the duration of the study were included in the study.

The Role of the Researcher 

To place my experience with students’ learning styles and instructional strategies 

in context, it is necessary to provide my life and professional history. I was bom and 

raised in Tanzania. I went to school in Tanzania for primary school, secondary school, 

high school, and university. I came to the United States in 2001. After I graduated with 

a Master degree in Environmental Science from Towson University, I decided to teach 

for the Baltimore City Public School System. I began my teaching career in July 2004 at 

an inner-city middle school. Most of my students were African-American and from low 

income households.



When I was first hired as a science teacher, I had little to no exposure to the type 

of praxis and pedagogy used in American schools. I found it very hard to impleme nt 

effective instructional practices other than didactic methods of teaching and learning. It 

was very difficult at first, as I received no formal training on the use of effective 

research-based instructional practices. Furthermore, I had no prior knowledge regarding 

the learning styles preferences of students or how to match them with instructional 

strategies for optimum learning and achievement.

In 2009,1 began teaching at a suburban high school in Atlanta. It was at this high 

school that I first learned about learning style preferences, and I began using the concept 

in my chemistry classroom in 2010. During that time, I was required to identify students’ 

learning styles for each of my classes and develop instructional strategies to meet their 

preferred modes of receiving and processing new information. Again, I did not receive 

formal training on how to identify students’ learning style preference. Instead, I learned 

by doing. I believe this is an experience that many new teachers face. Since many 

schools are trying to provide students with instructional strategies that match students’ 

learning style preferences, I thought it would be useful to investigate the matching 

hypothesis of teaching and learning to find out whether this claim is supported by 

evidence for my dissertation research.

I understood that there were two enemies that I would have to avoid as a 

researcher. These were bias and chance. Bias happens when a researcher who knows the 

hypothesis collects data purposely to support the hypothesis in one way or the other. On 

the other hand, chance happens when a researcher collects data using a sample that



supports the hypothesis under investigation. I designed the study and data collection 

procedures to avoid bias and maintain objectivity as much as possible. These procedures 

should also help to reduce the possibility that chance could explain the study findings. 

Thus, in this study, I was the instructor of the course, the person who delivered the 

intervention, analyzed data, and who wrote the final report of the study.



CHAPTER 4 

RESULTS

This chapter summarizes the results of the study. Results for each participant are 

presented. These include their VARK scores and a graphical representation of the 

participants’ quiz scores (total score possible: 100) and their TOSRA survey scores (total 

score possible: 40).

The researcher asked a total of 22 students to voluntarily participate in the study. 

Eight students, all male, declined participation. The researcher administered the VARK 

Questionnaire to the remaining 14 students (2 boys and 12 girls) to determine their 

learning style preference. Eight students (2 boys and 6 girls) displayed a multimodal 

learning style and, thus, did not qualify for the study. Six students met the eligibility 

criteria and enrolled in the study.

Of the six eligible students, two were visual learners, two were kinesthetic 

learners, one was a read/write learner, and one was an audial learner. All six students 

were females in their junior year o f high school, with a mean age of 15.4 years (range 15 

years, 1 month to 15 years, 8 months). Five of the six students—including the visual, 

kinesthetic, and read/writer learners—completed all phases of the study, and their results 

were included in the analysis. The audial learner did not complete the study due to 

excessive absences during the audial phase of the study. Thus, this chapter does nor.

include the results from the audial phase of the study.

73
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The study began with a baseline phase, followed by the kinesthetic-focused phase, 

the visual-focused phase, and the read/write focused phase. Each phase took 

approximately five days (Monday through Friday). However, due to school-related 

events, holidays, and field trips, the kinesthetic and visual phases were conducted in a 

week and a half. The phase changes (from Baseline to Kinesthetic to Visual and 

Read/Write phases) were determined solely by a random number generator 

(RANDOM.ORG, 2015). All the interventions phases occurred in the third period 

between 11:30 a.m. and 1:05 p.m.

In each phase, students were tested three times (12 academic quiz scores) to 

obtain the academic achievement data (Appendix G). At the time of each quiz, 

participants also completed the enjoyment of science survey (TOSRA survey). The 

graphical representation of the results uses raw student data from both sources. All 

names utilized in reporting the results are pseudonyms.

Individual Participant Results

This section presents the VARK, quiz, and TOSRA scores of each participants.

To protect the identity of the participants, each received a number and a pseudonym.

Table 6 presents the demographical characteristics and learning styles of the five students 

enrolled in the study.
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Table 6

Demographics and Learning Styles o f  the Five Student Participants

Participant 
Number and 
Name 
(» = 5)

Gender Age
(Years)

Race Learning Style Grade
Level

1: Farida F 16 A Kinesthetic (K) 11
2: Saskia F 16 H Kinesthetic (K) 11
3: Sophia F 16 H Visual (V) 11
4: Toni F 16 H Visual (V) 11
5: Victoria F 16 W Read/Write (R) 11
Note: Racial Categories: W= White; H = Hispanic; AA = African American; A = Asian. 
Gender: M = Male; F = Female.

Participant 1: Farida: Kinesthetic Learner

Table 7 displays Farida’s scores on the VARK 7.8 questionnaire. She received a 

score of 3 for the visual learning style, a score of 3 for the audial learning style, a score of 

4 for the read/write learning style, and a score of 9 for the kinesthetic learning. Based on 

the VARK results, Farida was considered to be a strong kinesthetic learner.

Table 7

VARK Scores o f Participant 1: Farida

Category Score
Visual 3
Aural/Audial 3
Read/Write 4
Kinesthetic 9

Farida missed only two school days of the entire duration of the study. During 

my observations, I found her to be very quiet, which might be attributable to her limited 

proficiency with both written and spoken English. Because of her low English
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proficiency, Farida was enrolled in the English as a Second Language Program (ESOL). 

Despite this challenge, I found her to be very cooperative with fellow students during 

group work and projects. She did appear to be nervous when completing the teacher- 

created quizzes, but she did not have the same level of discomfort when completing the 

surveys.

Figure 4 presents Farida’s raw quiz scores across all four phases of the study. No 

specific trends can be ascertained from the quiz scores. Farida scored highest during the 

visual phase of the study. Her quiz scores during the baseline, kinesthetic phase, and 

read/write phases were all similar, although her lowest overall quiz score occurred during 

the kinesthetic phase.
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Figure 4. Participant 1 (Farida) Outcome Data for Quiz Scores across All Phases
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In terms of the TOSRA scores displayed in Figure 5, the data indicate an increase 

in enjoyment of science lessons from the baseline phase to the kinesthetic phase and a 

moderate increase from baseline to both the visual and read/write phases.

Farida: TOSRA Score: Kinesthetic Learner
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Figure 5. Participant 1 (Farida) TOSRA Survey Scores across All Phases

Participant 2: Saskia: Kinesthetic Learner

Table 8 presents Saskia’s scores on the VARK 7.8 questionnaire. Saskia received 

a score of 5 for the visual learning style, a score of 0 for the audial learning style, a score 

of 2 for the read/write learning style, and a score of 12 for the kinesthetic learning style. 

Based on the VARK results, Saskia was considered to be a kinesthetic learner.
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Table 8

VARK Scores o f  Participant 2: Saskia

Category Score
Visual 5
Aural/Audial 0
Read/Write 2
Kinesthetic 12

Saskia aspired to become a fashion designer when she became an adult. During 

my observations, I found her to be a hard worker and very engaged in class discussions. 

She enjoyed sharing her ideas and seemed to have a great time in class with her peers.

Figure 6 presents Saskia’s raw quiz scores. She scored really well during the 

baseline phase. Her quiz scores dropped a little from the baseline phase to the kinesthetic 

phase. Saskia missed a day during the kinesthetic phase and the last score, in this phase 

is an indication of that. The quiz scores rose a fraction from the kinesthetic phase to the 

visual phase. They remained relatively unchanged from the visual phase to the read/write 

phase.
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Saskia: Quiz Scores: Kinesthetic Learner
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Figure 6. Participant 2 (Saskia) Outcome Data for Quiz Scores across All Phases

Saskia’s TOSRA scores displayed in Figure 7 indicate a low enjoyment of 

science lessons during the baseline phase. During the kinesthetic phase, her enjoyment of 

science increased significantly. This increase remained high during the visual and 

read/write phases.
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Saskia: TOSRA Scores: Kinesthetic Learner
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Figure 7. Participant 2 (Saskia) TOSRA Survey Scores across All Phases

12

Participant 3: Sophia: Visual Learner

Table 9 presents Sophia’s VARK 7.8 scores. Sophia received a score of 11 for 

the visual learning style, a score of 8 for the audial learning style, a score of 4 for the 

read/write learning style, and a score of 8 for the kinesthetic learning style. Based on her 

VARK results, Sophia was considered to be a visual learner, although she also showed 

preferences for both audial and kinesthetic learning styles.
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Table 9

VARK Scores o f  Participant 3: Sophia

Category Score
Visual 11
Aural/Audial 8
Read/Write 4
Kinesthetic 8

Sophia was a very bright student who aspired to become a doctor. During my 

observations, I found her to be a fast learner, eager to help her classmates learn new and 

complex concepts. She engaged in intellectual discussions with her peers and seemed to 

have a great time in class.

Figure 8 presents Sophia’s raw quiz scores across all phases o f  the study. 

Sophia’s average quiz score was the highest during the visual phase of the study. She 

scored less well during the kinesthetic and read/write phases.
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Figure 8. Participant 3 (Sophia) Outcome Data for Quiz Scores across All Phases

Figure 9 displays the TOSRA survey scores for Participant 3 across the study 

phases. The data indicate a jump in the enjoyment of science lessons from the baseline 

phase to the kinesthetic phase. This increase remained high during the visual and 

read/write phases of the study.
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Figure 9. Participant 3 (Sophia) TOSRA Survey Scores across All Phases

12

Participant 4: Toni: Visual Learner

Table 10 displays Toni’s scores on the VARK 7.8 questionnaire. Toni recei ved a 

score of 13 for the visual learning style, a score of 7 for the audial learning style, a score 

of 11 for the read/write learning style, and a score of 9 for the kinesthetic learning style. 

Based on the VARK results, Toni was considered to be a visual learner, although, she 

also appeared to have preferences for audial, read/write, and kinesthetic learning styles 

with scores of 7,11, and 9 respectively.
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Table 10

VARK Scores o f  Participant 4: Toni

Category Score
Visual 13
Aural/Audial 7
Read/Write 11
Kinesthetic 9

Toni enjoyed chemistry and planned to be a scientist when she became an adult. 

During my observations, I found Toni to be extremely responsible and determined to do 

well. She came to class prepared and on time every day and enjoyed helping other 

students.

Figure 10 presents Toni’s raw quiz scores across the four phases o f  the study. 

The data do not indicate a clear and defined trend. In general, Participant 4 scored 

extremely well across all phases, although she scored the lowest during the kinesthetic 

phase.
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Figure 10. Participant 4 (Toni) Outcome Data for Quiz Scores across All Phases

Figure 11 of Toni’s TOSRA scores depict an improvement in her scores between 

the baseline and kinesthetic phases of the study. These remained high during the visual 

and read/write phases.
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Figure 11. Participant 4 (Toni) TOSRA Survey Scores across All Phases

Participant 5: Victoria: Read/Write Learner

Table 11 displays Victoria’s scores on the VARK 7.8 questionnaire. Victoria 

received a score of 10 for the visual learning style, a score of 8 for the audial learning 

style, a score of 12 for the read/write learning style, and a score of 9 for the kinesthetic 

learning style. Based on the VARK results, Victoria was considered to be a read/write 

learner, although she also showed preferences for the other learning styles.
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Table 11

VARK Scores o f  Participant 5: Victoria

Category Score
Visual 10
Aural/Audial 8
Read/Write 12
Kinesthetic 9

Victoria enjoyed chemistry and aspired to be a nurse when she became an adult. 

During my observations, I found her to be highly motivated and determined to do well in 

the course. She came to school every single day and displayed enthusiasm in all class 

activities. She completed her assignments well ahead of time and then took on the 

responsibility of helping other Spanish-speaking students who were not as fluent in 

English as she was.

Figure 12 presents Victoria’s raw quiz scores. The data indicate a decrease in the 

raw quiz score from the baseline phase to the kinesthetic phase. However, there was an 

increase from the kinesthetic phase to the visual phase, which decreased during the read 

and write phase. There was also a jump in the enjoyment of science lessons from the 

baseline phase to the kinesthetic phase. This increase remained high through the visual 

and read/write phases o f the study.
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Figure 12. Participant 5 (Victoria) Outcome Data for Quiz Scores across All Phases
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Figure 13. Participant 5 (Victoria) TOSRA Survey Scores across All Phases



CHAPTER 5 

DISCUSSION AND CONCLUSIONS 

The purpose of the study was to examine the effect of matching student’s learning 

style with VARK instructional strategies on: (a) academic achievement as measured by 

teacher-created quiz scores and (b) students’ enjoyment of their science lessons as 

measured by the TOSRA scale. The chapter presents the discussion of results by 

research question. This chapter also addresses the limitations of the study, implications 

of the findings for practitioners, and recommendations for future research.

Discussion of Results by Research Question

Research Question 1

Research question 1 was: How do student achievement scores on teacher-created

quizzes in a high school general chemistry course change when the teaching strategies

used match student learning styles as opposed to when teaching strategies used do not

match student learning styles?

This study added to the literature on the matching hypothesis reported in previous

studies (Bhatti & Bart, 2013; Charkins, O’Toole, & Wetzel, 1985; Don Paul, 1992; Dunn,

Ingham, & Deckinger, 1995; Gokhan & Beyhan, 2013; Lovelace, 2005; Maltzman. 2008;

Mitchell, 2005; Orazio, 1999; Pallapu, 2008; She, 2005a; Sklar & Beaudry, 1990;

Tulbure, 2012; Van Vuren, 1992; Yilmaz-Soylu & Akkoyunlu, 2009). Results from this

study do not provide support for the idea that student

90
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performance improves as a result of matching teaching strategies with students’ learning 

preferences. The quiz scores of all five students who participated in this study did not 

improve when their learning styles were matched with the VARK instructional strategies. 

This finding is similar to several other studies that also failed to find a positive effect of 

matching learning styles and instructional strategies on improving student’s academic 

achievement (Akdemir, 2005; Bauer, 1991; Briggs, 2004; Guanxin, 2013; Hsieh & 

Dwyer, 2009, Hsu, Lin, Chin, & Dwyer, 2009; Mahasin, 2002; Minotti, 2005; Moore, 

1999; She, 2005a, 2005b; Spoon & Schell, 1998; Tendy, 1998; Wentura, 1984; Wilson, 

2012).

Research Question 2

Research Question 2 was: Do students’ enjoyment of science lessons as measured 

by the TOSRA scale change when VARK instructional strategies match their learning 

style preferences?

Findings from this study indicate improved enjoyment of science lessons after 

implementation of the VARK teaching strategies regardless of whether instruction was 

matched or not matched with student learning style preference.

Study Limitations

It is important to understand the context in which the study was conducted in 

order to identify possible reasons for the study findings. The study took place in a 

general chemistry class held during the third period between 11:30 a.m. and 1:05 p.m. 

Because of concerns that students may become hungry, the instructor asked students to 

bring snacks with them and allowed them a five minute break between 12:30 p.m. and
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12:35 p.m. to eat their snack. While this strategy worked really well in the first and 

second weeks of the study, as the study and data collection continued, the situation went 

back to students being hungry with the majority counting the minutes to lunch time. 

Students were heard saying, “Oh, it is time to take that quiz and survey again?” especially 

when the quiz and the survey were to be taken later in the period. Thus, both hunger and 

fatigue with the high number of quizzes could have influenced the study findings.

Both the teacher-created quizzes and the leaming-style focused lesson plans used 

during the study were not piloted prior to commencing the research study. This lack of 

piloting may have resulted in the variability observed in the student quiz scores across 

phases. The ceiling effect observed in this study could have been reduced or avoided 

altogether if the lessons plans and the teacher-created quizzes were pilot tested with 

similar student participants for consistency of results prior to commencing the actual 

study. Therefore, future researchers are advised to pilot their teacher-created quizzes 

and learning style-focused lessons (data collection instruments) in order to avoid similar 

mistakes.

The purpose of the VARK questionnaire was to identify students’ learning style 

preference in order to categorize them as visual learners, kinesthetic learners, read/write 

learners, or audial learners. However, many of the students did not show a strong 

preference for only one learning style in the VARK questionnaire. For example, Sophia 

and Toni, categorized as visual learners, scored high not only in the visual phase but also 

in the kinesthetic and read/write phases. This finding could be partially explained by 

their high VARK scores for all the learning styles categories (see Table 9 and 10,
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respectively). In addition, read/write assessments in the form of teacher-created quiz 

scores and the TOSRA surveys were used for all phases of the study. Future studies may 

consider matching the assessments used to the teaching strategies under investigation.

The student chosen for the auditory phase seemed to have an unstable home that 

interfered with her school attendance. During the auditory phase, the student participant 

showed up only once. Thus, she did not participate in all the lessons, nor did she take 

any of the assessment quizzes or TOSRA surveys. Because of these absences, the data 

related to this student was omitted in the results section. Therefore, it is important for 

researchers to have a good understanding of their participants in order to avoid enrolling 

a student who may not show up to school regularly. In the case of this study, there was 

no replacement student to take the spot of the audial learner since both of the other audial 

learners declined participation in the study.

Implications for Praxis 

The results of this study, along with numerous other studies, do not support the 

matching hypothesis. Most individuals, including the students in this study, do not fall 

strongly into one learning style preference. These individuals prefer to learn with 

multiple teaching strategies. This study did find evidence that alternating instructional 

strategies on a weekly basis improved students’ enjoyment of science lessons. Thus, 

using different instructional approaches or differentiating instructions on a weekly basis 

may be an important strategy for improving student enjoyment of science lessons, 

regardless of whether the instructional strategy exactly matches the student’s learning 

style preference. Lessons where the students first read information on their own, then
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hear and visualize the information during teaching-led instruction, and finally conduct 

experiments to test what they have learned may optimize how students obtain and process 

information. At a minimum, these findings suggest that it is imperative that teachers vary 

their instructional strategies and materials on a weekly basis to improve student 

enjoyment of the course.

Newness of interventions may have affected the findings of this study. Novelty 

effects occur when the results of a study are due to the novelty (or newness) of the 

interventions. Perhaps the weekly switching of instructional strategies had a newness 

effect to the students, and because of this newness of interventions rather than the effect 

of the intervention itself, students’ enjoyment of science lessons improved. Novelty 

effects pose a threat to external validity because they make it difficult to know if the 

results of the study are due to an intervention that works or due to the novelty of an 

intervention. In other words, did the instructional strategies improve students’ enjoyment 

of science lessons, or did the students enjoy the science lessons just because the 

instructional strategies were different each week (newness)? It is difficult to answer this 

question with the current study

Recommendations for Future Studies 

In order to validate the results from this study, additional research with students 

from different disciplines other than chemistry is necessary. For example, studies with 

students taking physics, biology, environmental science, marine biology, oceanography, 

and biotechnology in high school settings would be desirable. In addition, the 

instruments used in this research were not piloted. Studies with pilot tested data



95

collection instruments are necessary in order to avoid the score variability observed in 

this study.

Student enjoyment of lessons has been shown to influence student academic 

achievement in science. Thus, replicating this study in different disciplines of science 

(physics, biology, and environmental science) will help teachers and researchers to better 

understand the effect of matching student learning styles with the specific instructional 

strategies in the high school setting.

In addition, future studies should explore how using a variety of teaching 

strategies could appeal to the wide range of intelligences represented by students in a 

typical classroom and how this may impact student achievement. Furthermore, the jump 

in students’ enjoyment of science lessons found in this study may be due to novelty 

effects. Novelty effects occur when the results of a study are due to the novelty (or 

newness) of the interventions. Perhaps the weekly switching of instructional strategies 

had a newness effect to the students and because of this newness, the students’ enjoyment 

of the lessons improved. Thus, the improvement in student enjoyment may be due to the 

newness of the weekly interventions rather than the effect of the intervention itself. In 

the case of novelty effects, anything that alters from the normal routine makes a 

difference. Thus, studies capable of correctly investigating novelty effects are warranted. 

Lastly, my background, cultural experiences, and world view may have affected the way 

I analyzed the data. Therefore, this warrants research conducted by researchers with 

different cultural and background experiences.



96

Conclusion

The results of this study do not support the matching hypothesis. Most 

individuals, including the students in this study, prefer to learn with multiple teaching 

strategies. Alternating instructional strategies on a weekly basis did improve enjoyment 

of science lessons, which has been shown to influence student academic achievement in 

science. Future studies should explore how using a variety of teaching strategies could 

appeal to the wide range of intelligences represented by students in a typical classroom, 

and how this may impact student achievement.
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Name of School: High School in Metro Atlanta 

Name of Researcher: Shaaban Kitindi Fundi 

Position or Grade: Teacher

A. Research Project

Title:

The Effect of Matching Learning Styles, and the Instructional Strategies on Academic 

Achievement and Student Enjoyment of Science Lessons in a High School Chemistry

Course.

Statement of Problem and Research Question:

This study has two main purposes. First, this study will examine the impact of 

matching instructional strategies to students’ learning style preferences on student 

academic performance. Second, this dissertation study will examine whether students’ 

self-confidence, enjoyment of the course, and value of the subject matter changed as a 

result of their learning style preference being matched to the instructional strategies used 

in the course. The specific research questions are:

•  How does student achievement on teacher-created quizzes in a high school 

chemistry course improves when instructional strategies used match student 

learning style as opposed to when instructional strategies used do not match 

student learning styles?

• Does students’ enjoyment of science (as measured by the TOSRA Scale) increase 

when instructional strategies used match their learning style as opposed to when 

instructional strategies used do not match student learning styles?
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In addition, this study will attempt to prove the following hypotheses:

• Student scores on teacher-created quizzes in a high school introductory chemistry 

course will increase when students’ learning style are matched with the 

instructional strategies compared to when they are not matched.

• Student enjoyment of science will increase when instructional strategies are 

matched with student learning style compared to when instructional strategies are 

not matched with student learning styles.

b. Subjects or population for the study: Four (4) students attending a general 

chemistry course at Dunwoody High School. All 4 students will be attending 

the course I teach.

Reason for doing this research: This research is being conducted as part of my

dissertation requirement for a PhD in Curriculum and Instruction at the Tiff 

College of Education at Mercer University. All research findings will be written 

up in a report and shared with officials at the High School and the County Public 

School System.

Graduate Study at Mercer University

Publication/Presentation 

Other (please Specify)

c. Dates research will be conducted: 10/20/2014 to 07/19/2015

B. All research and researchers must a) Protect the rights and welfare of all human 

subjects, b) Inform students and/or parents that they have the right not to
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participate in the study, c) Adhere to board or school policies and applicable laws, 

which govern the privacy and confidentiality of student’s records.

C. This request applies to research conducted within and by local school personnel. 

All other research request must be submitted to the appropriate administrative 

office.

D. Principals ONLY need to approve local school research request. District wide 

request should be submitted to the appropriate administrative office.

Principal’s Signature Date of Approval
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Tift College of Education

Parent or Guardian 
Informed Consent Form

Your child has been asked to participate in a research study entitled, "Ihe Effect o f  
Matching Learning Styles, and the VARK Strategics on Academic Achievement and Student 
F.njoyment o f  Science Lessons in a High School Chemistry Course". The study is being 
conducted by Mr. Sltaabait Fundi under the mentoring o f  Dr. Jane Metty as part o f  his graduate 
course work at Mercer University. The contact information for both investigators is listed below.

The results o f  this study will be used by Mr. J undi to understand how  matching teaching  
strategies to sour child's preferred learning style can help improve your son or daughter’s 
performance in his chemistry course. Your son's or daughter's participation is voluntary. A 
decision to participate in this study will not affect your child's relationship with the School, his 
or her relationship with Mr. Fundi or any other teachers, or his or her academic standing.

investigators
Student Investigator: Shaaban Fundi Faculty Advisor: Dr. Jane Metty
School/College: Tift College o f  Education S ch oo lC olk ge: Tift College o f  Education 
Address: 3001 Mercer University Drive Address: 3001 Mercer University Drive

Atlanta. GA 30341 Atlanta. GA 30341
E-Mail Address: Email Address: metty jm  rrmereer.edu
shaaban k fundi a fc.dckalh.k12.ca.us Office Phone: (678)547-6398
Cell phone: (6787446-0320

I. The Purpose o f  This Study:
This research stitdy is designed to test whether students do better in their chemistry course when 
the teacher uses instructional strategies and materials that match Itovv the student prefers to leant 
new information. The data from this study will he used to develop suggestions for how other 
chemistry teachers can improve their instruction. The findings will also be used by Mr. Fundi to 
complete his doctoral degree in Curriculum Instruction at Mercer University.

H. Procedures:
If you allow  your child to volunteer for this study, your child will be asked to complete a short 
questionnaire to determine how he or she prefers to learn new information. They will also be 
asked to com plete four self-assessment questionnaires to understand how they value the course, 
their self-confidence with the course material, and their enjoyment o f  the course. Finally, your

UHveis ty JOB , 
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child, along with the other students in the course, will he asked to com plete 15 short quizzes on 
the course material to track his or her performance. The study will last for live weeks. A total o f  
four students w ill be asked to participate in this study.

Your child w ill also be asked to give his or her assent to participate in this study. This m eans 
that your child will be asked to voluntarily participate in this study after your perm ission has 
been obtained. To ask for your child’s assent. Mr, Fundi will read s short description about the 
study, including what your child is being asked to do. Mr. Fundi w ill then verbally ask your 
child if  they want to participate in the study. Only students who say yes. they would lik e to 
participate, will he included.

III. Potential benefits to students and/or society
There are no direct benefits to you or your child for participation in this study. However, your 
child's participation in this study will help identify strategics for improving instruction in high 
school chemistry courses at Dunwoody High School and other high schools in Dekalb County.

IV. Potential Risks or Discomfort
There are no foreseeable risks to you or your child as a result o f  participating in this study.

V. Withdraw al of Participation
Your child’s participation is com pletely voluntary. Your child will not be penalized in any way if  
you decide not to a llow  your child to participate in this research study.

I f  your child decides to participate in  this project but later changes his o r  licr m in d . Ik* or sh e may 
discontinue participation at any time without penalty. You have the right to inspect any reseatch  
tools or information collected as part o f  this study. Please contact Mr. Fundi if  you would like to 
sec this information. Your request w ill be honored within one week after the request is received.

VI. Payment for Participation
Students w ill not be paid for tlteir participation.

VII. Confidentiality
The investigators will take several precautions to protect the confidentiality o f  your ch ild 's  
information. Paper records will be kept in locked filing cabinets and electronic information will 
be stored on a password-protected computer. Your child 's name will not be used on any study 
reports. Instead, he or she will be given a study number that will be used on all study form s and 
documents. Only Mr. Fundi w ill have access to the list connecting participant nam es and 
identification numbers. This list will be kept in a locked filing cabinet for the duration o f  the 
study and then w ill be immediately destroyed after data collection is complete.

Data collected as part o f  this study w ill be stored at Mercer University for 3 years after 
com pletion o f  the study to allow  for data analysis and report writing. After this time, the data 
will be destroyed.

Questions about the Research

'vKcr uwenatY JRS 
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It'you have any questions about the research, please speak with Mr. I'undi by phone (678-446- 
0320) or email ( sluuib.tn k fundi ■/ te Aieka lb .k l2 ,ea .to). You may also send questions to Dr. 
Jane Metty at Mcrccr University via phone (678-547-654-4) or email (metty jm  <r mercer.edu).

By signing below. 1 agree to lei my child participate in ibis research study

Participant's Nam e (Print) Parent/Guardian's Name (Print)

Parent Guardian's Signature Date

Please return this signed anti completed form to Mr. l undi as soon as possible.

In order to combat this research, this project has been reviewed and approved by Mercer University's Instilutknal 
Review Board <IKU). It'you believe there is any infringement upon your child's rights as a research subject, pkasc 
contact the I KB Chair at (4711) 301-4101 The IRBs arc the governing h o J io  that are set in place to ensure 
responsible and safe conduct o f  research investigations
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Tift College of Education

Script for Obtaining Student Assent

We are asking you to help us 'villi a research study. In this study, we will match how the leather 
teaches new information to how students prefer to ieam information. We will then exam ine if  
this matching leads to better student performance on tests. We also see if  this matching 
improves students' enjoyment with the course. A  total o f  4 students will participate in this study.

If you agree to participate, y ou will take a short questionnaire to determine how y ou prefer to  
leant information. You will also take IS short self-assessm ent questionnaires to see how well 
you are enjoying the course, finally , von w ill be risked to complete 15 quizzes on the course 
material. You will com plete these quizzes along with all the other students in this class.

Being a part o f  this study is voluntary, which means you do not have to lake part i f  you don’t 
want to. Nothing will happen to you if  you decide not to participate. You can also stop 
participating in the study at any time.

Are you willing to take part in this study?

YI:S NO

Name o f  Person Obtaining Assent

Signature o f  Person Obtaining Assent Date

UDjyerSttylJ 
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Table El

A Description o f Studies Indicating a Positive Effect o f Matching on Student Achievement

Reference Sample Study Design Independent
Variable

Dependent Results 
Variable

Braio, A., Eighty one Pre-and posttest Learning Reading Learning style teaching
Beasley, T. special without control styles based achievemen strategies improved
M., Dunn, R., education and group design on the Dunn t score. students’ reading
Quinn, P. & 35 low & Smith achievement scores.
Buchanan, K. achievement (1994)
(1997). general Learning
Incremental education Style
implementati students in an Inventory.
on o f  learning urban The
style elementary Semantic
strategies school Differential
among urban participated in Scale was
low the study used to
achievers. determine
The Journal student

° f changes o f
Educational attitude
Research, towards
9 /(1 ), 15-25. instructional

strategies 
that match 
their learning 
preferences

Charkins, R., 600 Ex post facto The Grasha Percent Matching teaching and
O ’Toole, D., economics study design and change in student learning styles
& Wetzel, J. college without controls Riedmann theTUCE increased student
(1985). students, 20 (1) Learning score achievement and
Linking teachers, and Style (achieveme attitude towards
teachers and 3 teaching Inventory nt variable) economics.
students and learning was used to and percent
learning styles determine change in
styles with both the attitude
students’ teachers’ toward
achievement teaching economics
and attitudes. styles and the (the attitude
Journal o f students’ variable)
Economic learning
Education, styles.
16: 111-120.
Gokhan, B. & 64 7th grade Pre/Posttest Four learning Achieveme Learning styles based
Beyhan, 0 . students from control group styles based nt scores instructional activities
(2013). Effect two classes quasi- instructional (posttests). were found to be more
o f  learning participated experimental activities effective in improving
styles based in the study. research was (approaches). students’ academic
instruction on used in this The Dunn achievement levels. It
academic study. (2) and Dunn was also found that a
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achievement, Learning significant difference
retention Style existed between the
level and Inventory control group and the
altitudes was used to experimental group
towards determine with regards to
English students’ academic achievement
course. learning style levels. The significant
Journal o f preferences. difference was in favor
Faculty o f o f  the experimental
Educational group. In addit on, the
Sciences, experimental group
46(2): 133- indicated a significant
158. difference results in 

retention test scores 
when compared to the 
control group v/hich 
did not.

Mitchell, J. L. Twenty Correlational Learning Achieveme The results indicated
(2005). The seven college study design. styles nt test and that achievement and
effect o f students (MBTI) and attitude attitude score increased
matching participated. a course survey test. when web-based
teaching satisfaction instruction utilized a
styles on survey teaching strategy that
achievement (enjoyment, matched student
and attitudes motivation, learning styles, (p <

fo r  women in and .001).
a web-based intellectual
distance interest).
education
course.
(Doctoral
dissertation).
Available
from
ProQuest
Dissertations
and Theses
database.
(UMI No.
3168577)
Bourgeois, S. Three ESL A descriptive Learning Pre-and Students showed an
(2005). The students case study style posttest increased ability to
effects o f participated design. preferences scores. correctly use present
matching in the study. based on the perfect in context.
learning VARK and
strategies to 16
learning instructional
modalities in strategies.
the
acquisition o f
the present
perfect with
adult ESL
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learners.
(Doctoral
dissertation).
Available
from
ProQuest
Dissertations
and Theses
database.
(UMI No. 
MR 12701)
Tulbure, C. 239 pre NonExperiment Students’ Academic The results were as
(2012). service al Study design Learning Achieveme follows: Convergers
Investigating teachers from (survey Styles (based nt score showed statistically
the three instrument was on Kolb’s (end o f significant results with
relationship faculties at used). (2) Learning course test cooperative learning,
between the Styles scores). investigation, and
teaching Transilvania Inventory). problem solving.
strategies and University o f Divergers showed
learning Brasov. statistically significant
styles in results when
higher cooperative learning
education. and investigations are
Acta used as instructional
Didactica strategies.
Napocensia, Accommodators
5(1): 65-74. showed statistically 

significant results when 
investigation, debate, 
and problem solving  
instructional strategies 
were used.
Assimilators showed 
statistically significant 
results when only when 
problem solving was 
used.

Van Vuren, One hundred Posttest only Learning Academic The matching o f
S. (1992). ninety seven control with styles achievemen specific instruction
The effect o f college randomization (Gregorc t with student learning
matching students group design. Style styles improved student
learning style participated Delineator) learning on the titration
and in the study. topic o f  chemisiry.
instruction
with
academic 
achievement 
o f  students 
receiving an 
interactive 
learning
experience in 
chemistry.
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(Doctoral
dissertation).
Available
from
ProQuest
Dissertations
and Theses
database.
(UMI No.
9322182)
Orazio, P. Eighty middle Posttest only Learning Math The results o f  the study
(1999). Effect grade students study design preferences achievemen indicated a partial
o f  matching participated in was used. (Global and t score significance when
and the study. (M ANCOVA Analytical). (Mean students were matched,
mismatching ANALYSIS) Semantic Posttest rather than,
learning style Differential Scores). mismatched with
global and Scales was instructional strategies
traditional used to aligned to their
analytical determine learning style
instructional students’ preferences, (p <  .05)
resources on attitudes.
the
achievement 
and attitude 
o f  seventh- 
grade
mathematics
students.
(Doctoral
dissertation).
Available
from
ProQuest
Dissertations
and Theses
database.
(UMI No.
9914795)
Don Paul, E. Sixty Pretest-Posttest Learning Knowledge Results indicated that
(1992). The undergraduate with control styles o f  vocal and there was a significant
effectiveness students group design. (Gregorc function. achievement when
o f  CAI and participated in Style learning styles o f  the
lecture as the study. Delineator) student were aligned to
instructional and teaching instruction strategies.
strategies fo r strategies. In addition, abstract
teaching learner showed higher
vocal scores and concrete
anatomy and learners showed higher
function o f result with lecture
undergraduat alone and computer
e music assisted instruction.
students with
different
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learning
styles.
(Doctoral
dissertation).
Available
from
ProQuest
Dissertations
and Theses
database.
(UMI No.
9314397).
Boles, W. W„ One hundred Quasi- Cognitive End o f Matched groups
Pillay, H. & thirty four experimental styles and semester performed better than
Leonald, R. undergraduate study design. learning tests. the unmatched groups.
(1999). students in a tasks. Analysis o f  cognitive
Matching digital style with tasks
cognitive communicatio CSA: revealed that certain
styles to n course Cognitive task are better suited to
computer- participated in Style certain cognitive
based the research. Assessment styles.
instruction: Tool
An approach 
for enhancing 
learning in
electrical 
engineering. 
European 
Journal o f  
Engineering 
Education, 
24(4), 371- 
383.
Dunn, R., Three Correlational Learning Achieveme Employees reported
Ingham, J. & hundred and study design styles and nt scores significantly positive
Deckinger, L. fourteen sales (four 3*2 two and attitudes toward
(1995). representative ANOVAs). instructional attitudes instruction when their
Effects o f s participated strategies. towards learning styles were
matching and in the study. instruction matched with
mismatching when instruction strategies
corporate matched than where there was
em ployees’ with no match.
perceptual learning Achievement scores
preferences preferences were significantly
and and when higher when there was
instructional not a match than when
strategies on there no match
training between learning
achievement preference and
and attitudes. instructional strategies.
Journal o f
Applied
Business
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Research, 
11(3), 30-45.

Maltzman, R. One hundred Pre-and posttest Students’ City
(2008). and three with control learning style University
Effects o f college study design. were N.Y. Test,
traditional remedial identified by American
versus English the Learning College
learning course and Test (ACT),
instructional students Productivity writing
strategies on participated in Style (LPS) sample, and
community the research and the reading
college study. learning style tests.
students ’ strategies
achievement were tallied
in and using the
attitudes Semantic
toward Differential
developmenta Scale (SDS).

Reading and w riting 
results showed 
statistically significant 
achievement 0 ’ <  
.001). (The effective 
was .533). The results 
o f  this research study 
support the matching 
hypothesis.

/  reading and 
writing. 
(Doctoral 
dissertation). 
Available 
from 
ProQuest 
Dissertations 
and Theses 
database. 
(UMI No. 
3340565).
Dunn, R., Six hundred Correlational Students
Bruno, J., technical study design. learning style
Sklar, R.I. & college preferences
Beaudry, J.S. students and
(1990). participated in hemisphericit
Effects o f the study. y (global,
matching and simultaneous
mismatching , and
minority successive).
developmenta
1 college
students’
hemispheric
preferences
on
mathematics
scores.
Journal o f
Educational
Research, 83,
283-288

Mathematic
scores.

Results indicated that a 
significant relationship 
existed between 
students’ diagnosed 
hemisphericity 
(successive/simultaneo 
us) and their learning 
style preference with 
math scores.
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Table FI

A Description o f  Studies Indicating Negative or Null Effect o f  Students ’ Learning Styles 

on Student Achievement

Reference Sample Study Design Independent
Variable

Dependent
Variable

Results

Wentura, D. F. Twenty Ex post facto Students’ and Academic N o significant
(1984). The instructors study design. teacher’s performance. difference was
effects o f and 463 (2*2 factorial learning and observed between
matching college analysis. teaching styles matched ;md
teaching styles students were identified unmatched
and learning participated using the teaching and
styles on in the study. Myers-Briggs learning styles
student Type Indicator with respect to
performance in (MBTI). student academic
university performance.
classes.
(Doctoral
dissertation).
Available from
ProQuest
Dissertations
and Theses
database. (UMI
N o .8509206)
Minotti, J. 167 middle Pre- and Students’ Units tests Overall, all
(2005). Effects school posttest with learning styles grade, groups showed
o f  students students control knowledge o f gains on the unit
leaming-style- participated experimental learning styles, test scores.
based in the study. study design and attitudes. However, the
homework O f which, 87 gains were much
prescriptions on were females larger for the
the achievement and 80 males. control group (7
and attitudes o f points higher
middle school between pretest
students. and posttest)
National when compared
Association o f to the
Secondary experimental
School group (1 point
Principals higher) in the
Bulletin control group
59(642): 67-89. with (p less than 

.001).
She, C. H. 498 grade 8 2-factorial- Four different Immediate Students’ posttest
(2005a). students from quasi- instruction posttest and and retention test
Enhancing 16 classes in experimental strategies retention test. achievement were
eighth grade 4 schools design (4X4) (approaches) Pretest scores significantly
students’ were involved was used. (2) and four were used as affected by the
learning in the study. different covariates to four different
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buoyancy: The The sample learning statistically types o f
interaction o f consisted o f preference equalize the instructions. A
teacher’s 254 male and styles. difference significant effect
instructional 244 female Measured by among groups. was found on the
approach and students. the Learning different types o f
student’s Preference instructions on
learning Questionnaire. both the posttest
preference scores (F  = 6.82,
styles, p  = 0.000) and
International retention test (F =
Journal o f 2A 4 ,p  = 0.095).
Science and However, when
Mathematics the effect o f
Education, 3(4): learning
604-624 preferences was 

examined on 
posttest and 
retention test 
separately, a 
significant effect 
was found on the 
posttest scores 
(F= 2.18, p = 
0.089). The 
retention test was 
found not to be 
significant 
(F=l.56, p  = 
0.199).

She, C. H. 462 8th A three- Four different Students’ This stud)' did not
(2005b). graders from factorial- instructional pretest, show that
Promoting 16 classes in quasi- approaches, posttest, and matching
students’ 4 schools experimental four different retention test students’ earning
learning o f  air consisting o f study design learning styles, scores o f  air styles with
pressure 232 males was used. and three pressure. instructional
concepts: The and 230 different levels strategies (style)
interrelationship female o f  learning would bring
o f  teaching students successful
approaches and learning for all.
learning However, it did
characteristic, show that
Journal o f students with
Experimental procedural
Education, learning
74(1): 29-51. preference styles 

performed better 
on a posttest than 
did the others 
after receiving 
procedural 
learning 
instruction.

Wilson, M. A total o f  187 Correlational Students’________ PASS test on There was no
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(2012). students (94 research learning styles, English significant
Students’ male, 93 design instructional language arts, correlation
learning style female) from strategies, and math, and between the
preferences and 13 classes in an science were degree o f  match
teacher’s three accommodation used for between students’
instructional elementary checklist used achievement learning styles
strategies: schools. to determine data. and instructional
Correlations Racial the degree o f strategies in all
between distribution match. the subjec ts. The
matched styles was 133 results for
and academic Caucasians, 4 English language
achievement. African arts were (r =
SRATE Journal, American, .030; p  = 684),
22(1): 36-44. and 14 o f  

other descent.
those for
mathematics were
(r =.013; p  = 
.857) and those 
for science were
(r = .087; p = 
.235). Hence, the 
evidence for a 
potential 
relationship 
between degree 
o f  match s cores 
and students’ 
academic 
achievement in 
the social studies 
content area was 
insufficient to 
reject the null 
hypothesis.

Guanxin, R. Sixty seven Correlational Learning style Chinese Matching
(2013). What secondary study design were identified second learning slyles
learning style is school girls using the Rose language with instructional
most effective participated (1985) learning (CSL) oral and strategies did not
in learning in the study style written exams have main effect
Chinese as a instrument. on student
second performance.
language? However,
Journal o f auditory learners
international performed better
Education on oral exams
Research, 9 (1 ), while kinesthetic
33-45. learners

performed better 
on written exams.

Hsu, Y. -C ., Sixty eight A two way Linear versus Four criterion The results
Lin, H., Chin, undergraduate MANCOVA nonlinear tests were indicated that
Y. -H ., & students were study design. navigation used: drawing matching or
Dwyer, F. M. randomly mode and test, mismatching
(2009). The selected to students’ identification navigation modes
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effects o f  web- participate in learning test, with learners’
based the study preferences terminology preferences did
instruction (linear and test, and not have
navigation nonlinear). comprehension significant effect
modes on test on learning
undergraduates’ outcomes.
learning
outcomes.
Educational
Technology and
Society, 12(1),
271-284.
Hsien, P., & One hundred A Reading Researchers N o significant
Dwyer, D. sixty nine correlational strategies and made test that interaction
(2009). The undergraduate study using a learning styles included: between learning
instructional students from two-way (internals and Drawing, styles and reading
effect o f  online the English, multivariate externals). identification strategies
reading Statistics, and o f  variance Rotter’s terminology However, the
strategies and Education (MANOVA). Inventory Scale comprehension reading treatment
learning styles Psychology showed positive
on student programs results.
academic participated (F=  3.09. df=
achievement. in the study. 3(169, p --  .03).
Journal o f Effect size of .40.
Education
Technology and
Society, 12(2),
36-50
Briggs, A. A total o f  79 The posttests Students NY state grade This study did not
(2004). fourth grade experimental learning styles 4 achievement arrive to a
Influence o f at risk group study and teachers test o f statistically
matching students design was teaching mathematics significant
student’s attending 5 used in this strategies. (test scores). evidence in
learning styles different research. The support o f  the
with teacher’s classes at 2 study design matching and
teaching styles N ew  York consisted o f  a mismatching
upon participated matched hypotheses. The
mathematics in the study. group, an means for the
achievement. O f the 79 unmatched matched (M=
(Doctoral students, 20 group, and a 645.76; p less
dissertation). were African nonpreference than .58), the
Available from Americans, group. unmatched (M=
ProQuest 10 were 632.89; p  less
Dissertations Asians, and than .19); and the
and Theses 49 were nonpreference
database. (UMI Hispanics. group (M  =
No. 8519226). 678.00; p  less 

than 0.04). The 
only statistically 
significant group 
was the 
nonpreference 
group where
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student were 
taught using the 
traditional 
methods o f  
teaching. The 
research argues 
that the results 
may have been 
affected by 
students’ inability 
to process 
information, low  
self-esteem, lack 
o f  motivation to 
learn, and the 
teacher’s inability 
to effectively  
teach
mathematics as 
well as ths 
presence o f  a 
negative learning 
environment.

Akdemir, O. Seventy two Correlational Student Perceived Providing
(2005). The students study design. learning style learning instructional that
effect o f enrolled in an preferences outcomes. are aligned to
matching and online (field students’ teaming
mismatching graduate dependent/ styles (field
learning styles course at field dependent/ field
and Syracuse independent) independent) did
instructional University. and learning not improve
strategies on style students’
online students ’ instructional perceived
perception o f strategies. learning
learning outcomes.
outcomes. 
(Doctoral 
dissertation). 
Available from 
ProQuest 
Dissertations 
and Theses 
database. (UMI 
No. 3207090)
Spoon, J.C., & A total o f  12 A causal - Learning styles TABE student There was no
Schell, J. W. (9 females, 3 comparative and teaching achievement statistically
(1998). males) study design styles test significant
Aligning teachers and was used in differences
student learning 189(119 this study. among the group
styles with females, 70 The principal mean scores on
instructor males) GED o f  adult the pretest. In
teaching styles. students learning scale addition, there
Journal o f participated (PALS) was was no
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Industrial in this study. used to statistically
Teacher The racial identify significant
Education, distribution teaching and differences for
35(2), 41-56. was 49.70% learning the teaching

African styles. styles and
American and learning styles on
50.30% student
Caucasians. achievement.

Tendy, M. S. Fifty eight Correlational Learning styles Psychomotor No significant
(1998). Effects college study design. based on the and/or difference in
o f  matching and students Dunn, Dunn, & cognitive test psychomotor
mismatching participated Smith, (1996). scores. skills
perceptual and in the study. Learning Style achievement or
sociological Instructional cognitive
learning styles strategies, and achievement were
preferences o f individual observed for the
individuals in a students’ matched <ind the
group exercise attitudes mismatched
leadership toward the groups.
instructor teaching
training strategies
program. (SDS).
(Doctoral
dissertation).
Available from
ProQuest
Dissertations
and Theses
database. (UMI
N o .9830813)
Mahasin, M. T. Thirty two Quasi- Matched and Basic N o statistical
(2002). Effects counseling experimental nonmatched counseling significance
o f  supervisor practicum study. learning styles skills test difference: were
instructional master-level and (Ellington, observed between
and trainee students and instructional 1990). the basic
learning styles 23 advanced strategies. counseling
in counselor degree competency
education. supervisors scores o f  the
(Doctoral participated control group and
dissertation). in the study. those on the
Available from experimental
ProQuest group.
Dissertations
and Theses
database. (UMI
No. 3071840).
Bauer, E. Seventy five Pre-and Learning styles Mathematic The results
(1991). The junior high posttest based on Dunn, achievement indicated that
relationship students without Dunn, & Price score. matching
between and participated control study (1989). instructional
among learning in the study. design. strategies with
style perceptual students’ learning
preferences. style preferences
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instructional did not
strategies, significantly
mathematics improve students’
achievement, math scores.
and attitudes However,
toward students’ attitude
mathematics o f toward math was
learning- significantly
disabled and improved by
emotionary matching
handicapped instructional
students in a strategies to
suburban junior students’ learning
high. (Doctoral style preferences.
dissertation).
Available from
ProQuest
Dissertations
and Theses
database.
Moore, M. A. 200 students A counter Student Math There was no
(1999). Effects participated balance perceptual achievement significant
o f  congruent in the study. repeated preference and score. different between
versus measure concurrent vs the matched
incongruent study design. non concurrent group and the
instructional instructional unmatched group
strategies on strategies (LSI in relation to
achievement was used). student math
and attitudes achievement
toward scores. However,
mathematics o f the mismatched
second-grade condition
urban indicated a
elementary significant result
students. in math scores.
(Doctoral
dissertation).
Available from
ProQuest
Dissertations
and Theses
database. (UMI
No. 9953451).
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An Overview of the Baseline Lesson Plans 
Lesson Plans with a Regular Class Instructional Focus

Purpose:
This lesson plan consists of five 1.5-hour lessons. The plan has six main purposes:

1) To understand significant figures.
2) To understand scientific notation.
4) To learn how to make correct measurement.
5) To work in group to achieve learning objectives.

Overview of Content 
Scientific Notation
Frequently numbers that occurs in chemistry and other sciences are either very large or 

very small. For example the speed of light in a vacuum is about 300000000 m/s 
while red light has a wavelength of approximately 0.000000650 m. writing these 
numbers is simplified by using scientific notation. Scientific notation also allows 
numbers to be expressed in a form that clarifies the number of significant figure.

General form for scientific notation: A x 10"

Where A is the number with magnitude between 1 and 10 and n is an integer. To write a 
number scientific notation number we proceed as follows:

Q

Example # 1. 300,000,000 m/s is written as 3.0 x 10 m/s since the original number is 
greater than 1, the exponent becomes positive.

Example # 2. 0.000000650 m/s is written as 6.5 xlO'7 since the original number was less 
than 1, the exponent becomes negative.

Decimal Places and Significant Figures
Below are rules and definitions for using significant figures in calculations.

1. Definitions

The number of decimals in a number is the number of digits to the right of the 
decimal point.

The number of significant figures in a number is the total number of digits . 
exclusive of leading zeros.

Example I.
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The following table shows the number of decimal places and the number of 
significant figures in five numbers

Number Number of Decimal 
Places

Number of Significant 
Figures

15.73

0.0072

200.6

1.2700

4300

100

1.0020

1.2456

0.00000085

Significant Figures Rules
Rule 1. Nonzero numbers are always significant 

figs

Rule 2. Zeros between nonzero numbers are always significant 
figs

Rule 3. All final zeros to the right of the decimal are significant 
figs

Rule 4. Placeholder zeros are not significant.
To remove placeholder zeros, rewrite the in scientific notation

For example: 0.0253g and 4320g each has three sig figs

Rules for Rounding off Calculated Results
In addition or subtraction, keep as many decimal places as the smallest number of 

decimal places found in any of the numbers being added or subtracted.
Example:
Dalton’s Atomic Theory
In the first lesson, students will be introduced to the early Greek philosopher’s view of
the atom. We will start by exploring the work of Democritus. Democritus believed that
matter was made up of tiny particles called atoms (atomos in Greek). He argued that

72.3g has three sig 

60.5g has three sig 

6.20g has three sig
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atoms were indivisible and can travel through empty space. However, Aristotle who 
famous at the time, did not believe that empty space existed. Because of Aristotle’s 
famousness at the time, Democritus ideas regarding atoms were discredited and rejected. 
To introduce these contrasting ideas to my students: First, students will creatively be 
grouped into three groups (the Democritus group, the Aristotle group, and the Air, water, 
Earth, and Fire group). Each group will be given an informational hands-outs (both are 
included in day one lesson plan) with detailed biographical information about the early 
Greek philosophers ideas regarding atoms. Second, in each group, students will be asked 
to read and re-write these biographies into their notes books (lesson summary included in 
day one lesson). At the end of the period students from each group will be given five 
minutes to share what they had learned with the rest of the class. The instructor will then 
sum up all the three early ideas about atoms by the early Greek philosophers. Since; this is 
the first day, an introduction to early Greek philosopher’s ideas regarding the atom, thus, 
the main assessment for the day will be completion of the lesson outline and student 
presentations.

In the second lesson, students will explore the History of the Atomic Theory. Students 
will be asked go back to the groups created on Monday. Each group will have not more 
than four students. Then, students will be given lesson guidelines and a computer laptop 
with internet access. Students in each group will be given biographies of scientists such 
as Sir William Crookes (who discovered the cathode rays, a stream of negatively charged 
particles we now call electrons), J. J. Thomson (who discovered the existence of particles 
smaller than an atom, he identified the first subatomic particle called electron and 
received a noble prize for his discovery, Thomson also proposed the J. J. Thomson s 
Plum Pudding Model of the atom), physicist Robert Millikan (determined the charge of 
an electron using the oil-drop experiment), Rutherford (discovered the nucleus, and the 
proton through his gold foil experiment), and James Chadwick (who discovered neutron, 
he received a noble prize for his discovery) paved the way for the development of the 
modem atomic theory. Students will use the scientists’ biographies to complete lesson 
outlines.

At the end of the period, each group will share with the class what they learned from their 
scientist. In addition, since this is day two of the unit lesson plans, students will 
complete a 10 multiple choice questions quiz (paper and pencil) to assess what 
student have learned and understood in the first two days (the quiz questions are 
attached with day two lesson plan).

In the third and fourth lesson, students will start a two day project. While doing the 
project, students will investigate the history of the atom and construct a timeline of the 
top 12 events in the history (including at least 4 African American, female or other 
minority scientist) of the atom ranging from the earliest time to our present day. Students 
will be asked to find the 12 most significant events in the atom history and to explain 
why they selected those events over the others. For each entry (event) students will 
provide 1) the date, 2) a brief summary of the event (2-3 paragraphs), 3) reason for
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selecting this event over others, and 4) a pictorial depiction (a picture of the scientist’s 
contribution). As a group, students will gather information of the 12 events. In addition, 
since this is day three of the unit lesson plans, students will complete a 10 multiple choice 
questions quiz (paper and pencil) to assess what student have learned and understood in 
the first three days (the quiz questions are attached with day three lesson plan). 
Furthermore, students’ progress on the project will be assessed by showing the 
information collected (the 12 events).

In the fourth lesson, student will use the information collected on day one of the p roject 
(yesterday) to create a 12 events timeline of the development of the atomic theory. They 
can create their timelines in chart papers or organize their timelines anyway they like. At, 
the end of the period each group will show the teacher their final product (a timeline of 
the history of the atom). The rubric for the timeline and presentation are included with 
day (3 &4) lesson plans. Students will also be assessed by completing a 10 questions 
quiz. The quiz questions are attached on the day four lesson plan.

In the fifth lesson (day five), students will presented their atomic history timelines to the 
class. The rubric for the history of the atom timeline presentation and posters are included 
in lesson five.

An Overview of the Baseline Lesson Plans 
Lesson Plans with a Regular Class Instructional Focus

Purpose: This lesson plan consists of five 1.5-hour lessons. The plan has five main 
purposes:

3) To understand significant figures.
4) To understand addition, subtraction, multiplication, and division of 

scientific notation numbers.
4) To learn how to make correct measurement.
5) To work collectively in groups to achieve a learning objective.

Overview of Content 

Scientific Notation
Frequently numbers that occurs in chemistry and other sciences are either very large or 
very small. For example the speed of light in a vacuum is about 300000000 m/s while red 
light has a wavelength of approximately 0.000000650 m. writing these numbers is 
simplified by using scientific notation. Scientific notation also allows numbers to be 
expressed in a form that clarifies the number of significant figure.

General form for scientific notation: A x 10"
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Where A is the number with magnitude between 1 and 10 and n is an integer. To write a 
number scientific notation number we proceed as follows:

o

Example # 1. 300,000,000 m/s is written as 3.0 x 10 m/s since the original number is 
greater than 1, the exponent becomes positive.

Example # 2. 0.000000650 m/s is written as 6.5 xlO'7 since the original number was less 
than 1, the exponent becomes negative.

Decimal Places and Significant Figures

Below are rules and definitions for using significant figures in calculations.

2. Definitions

The number of decimals in a number is the number of digits to the right of the 
decimal point.

The number of significant figures in a number is the total number of digits, 
exclusive of leading zeros.

Example I.

The following table shows the number of decimal places and the number of 
significant figures in five numbers

Number Number of Decimal 
Places

Number of Significant 
Figures

Significant Figures Rules
Rule 1. Nonzero numbers are always significant 72.3g has three sig

figs

Rule 2. Zeros between nonzero numbers are always significant 60.5g has three sig
figs



142

Rule 3. All final zeros to the right of the decimal are significant 6.20g has three sig 
figs

Rule 4. Placeholder zeros are not significant.
To remove placeholder zeros, rewrite the in scientific notation

For example: 0.0253g and 4320g each has three sig figs

Rules for Rounding off Calculated Results
In addition or subtraction, keep as many decimal places as the smallest number of 

decimal places found in any of the numbers being added or subtracted.

Example: 20.5 + 1.483 = 22.0 
19.03 -  18.96 = 0.07 
10.512-9.8 = 0.7 
4.93 + 6.26= 11.19

In multiplication and division, keep as many significant figures as the smallest number of 
significant figures found in any of the numbers being multiplied or divided.

For example: 38. 75 (49.186)/1.48 = 1.29 x 103 or 1290, but NOT 1287.81 
(1.237)(43.9)2 = (1.23X43.9X43.9) -  2380 Or 2.38 x 103

Rules for Addition and Subtraction Using Scientific Notation
It is also important to be able to add and subtract numbers written in scientific notation.
In order to do this, it is necessary for both numbers to be written using the same power of 
ten.

For example, suppose you need to add the width of two sheets of paper. One of the sheets 
of paper has a width of 8.25 x KT4 m and the other has a width of 1.203 x 10'3 m. To add 
the two values, we must first convert the smaller number to a number written using the 
same power of ten as the larger number. Then, we can add the two numbers.

(8.25 x 10-4 m) + (1.203 x 10‘3 m) = (8.25 x 10'1 x 10'3 m) + (1.203 x 10'3 m)
= (0.825 x 10‘3 m) + (1.203 x 10 '3 m)
= (0.825 + 1.203) xl 0’3 m 
= 2.028 x 1 O'3 m

In the first lesson, students will be introduced to measurement, scientific notation, and 
significant figures. We will start the lesson by exploring the scientific notation. How to 
write scientific notation and standard notation. To introduce these concepts to students, I 
will start with a scenario:
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Scenario # 1: Frequently numbers that occurs in chemistry and other sciences are e ither 
very large or very small. For example the speed of light in a vacuum is about 300000000 
m/s while red light has a wavelength of approximately 0.000000650 m. writing the se 
numbers is simplified by using scientific notation. Scientific notation also allows 
numbers to be expressed in a form that clarifies the number of significant figure.

General form for scientific notation: A x 10n

Where A is the number with magnitude between 1 and 10 and n is an integer. To write a 
number scientific notation number we proceed as follows:

Example # 1. 300,000,000 m/s is written as 3.0 x 10 m/s since the original number is 
greater than 1, the exponent becomes positive.

Example # 2. 0.000000650 m/s is written as 6.5 xlO'7 since the original number was less 
than 1, the exponent becomes negative.

After students have gained a grasp on how to write scientific notation, they will be
assigned 20 practice question. Once they finish the practice question, the teacher 
will go over the questions and clarifies misunderstandings of concepts.

The last 30 minutes, students will be given a teacher-created quiz and will also respond to 
the science enjoyment questionnaire.

To end the lesson, the teacher will summarize what has been learned.

Baseline Data Quiz 1

Write the following numbers in scientific notations
1. 129.345
2 . 1002
3. 0.000056000
4. 3.05
5. 37359836

Write the following numbers in regular notation
6. 2.367 xlO’7
7. 65.389 x 10-4
8. 2.0x10°
9. 0.002579 x l O5
10. 3.14 x 102

In the second lesson, students will be introduced to the definitions of significant figures 
and decimals. They will then be introduced to the rules of significant figures.
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1. Definitions

The number of decimals in a number is the number of digits to the right of the 
decimal point.

The number of significant figures in a number is the total number of digits, 
exclusive of leading zeros.

Example I.

The following table shows the number of decimal places and the number of 
significant figures in five numbers

Number Number of Decimal 
Places

Number of Significant 
Figures

15.74 2 4

0.00078 5 2

200.6 1 4

4300 0 3

1.2700 4 5

1500 0 3

Significant Figures Rules

Rule 1. Nonzero numbers are always significant 72.3g has three sig figs

Rule 2. Zeros between nonzero numbers are always significant 60.5g has three sig figs

Rule 3. All final zeros to the right of the decimal are significant 6.20g has three sig figs

Rule 4. Placeholder zeros are not significant.
To remove placeholder zeros, rewrite the in scientific notation

For example: 0.0253g and 4320g each has three sig figs
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After the introduction on promethean board, students will be given 20 practice questions. 
The teacher will go over the answers for each question once student have 
completed the exercise. Then, thereafter students will be given a teacher-created 
quiz and the enjoyment of science questionnaire to complete. Students will 
complete a 10 multiple choice questions quiz (paper and pencil) to assess what 
student have learned and understood in the first two days (the quiz questions are 
attached with day two lesson plan). At the end of the lesson, the teacher will 
summarize what students have learned.

Baseline Data Quiz 2
Write the number of significant figures in the blank line provided and which rule applies 

for each of the following numbers. Some numbers may have more than one 
significant rules.

1. 3,032 _____________________  Which rule_________________

2. 546824768 which rule

3. 0.00000127  which rule

4. 210000 which rule _

5. 219.8000 which rule _

6. 0.00129600____________________which rule

7. 1570023_______________________ which rule

8. 100 which rule

How many decimal numbers are in the following numbers?
9. 3.020________________

10. 0.0000000036783

In the third lesson, students will complete a measurement activity in groups of threes.
Each group will be given a one-meter stick, and a tape measure. The purpose of 
the activity is to familiarize students to metric units of measurements and 
estimates of human body dimensions.

The activity in its entirety is as follows:

Measurements
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Groups: Form groups of threes

Materials: each group will be given a one- meter stick, a two-meter stick, and a tape 
measure.

Objectives: To estimate human body dimensions and developing familiarity with metric 
units.

1. We will start the activity by estimating then measuring three body dimension to 
get a feel for the units. Estimate each quantity in the following table to the nearest 
10cm. After making your estimates, use the one or two meter stick to measure 
each and compare to your estimates. It is okay if these estimates differ from the 
measured values.

Partner 1 ’s Name Partner 2’s Name

Measurements Estimates to the nearest 10 Measurements in
cm centimeters

Your height
Partner l ’s height
Partner 2’s height
Your palm’s width
Partner l ’s
Partner 2’s
Your hand length
Partner 1 ’s
Partner 2’s

2. Now that you have developed a feel of measurements in centimeter, complete the 
estimates of the quantities in the next table. After making your estimates, use the 
one or two meter stick to measure each quantity and compare to your estimates. 
Hopefully, your estimates show an improvement over the first set of estimates.

Measured Items Estimates to the nearest 10 
cm.

Measurements in 
centimeters.

Your shoulder width
Partner l ’s
Partner 2’s

Your nose to 
outstretched finger 
tip

Partner l ’s
Partner 2’s
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Your leg length
Partner l ’s
Partner 2’s
Your head height
Partner l ’s
Partner 2’s
Your head width
Partner 1 ’s
Partner 2’s

And lastly, students will perform measurements estimates of classroom dimensions.

3. Estimate each quantity to the nearest 1 m. Then use a tape measure to measure the 
length and width of the classroom and two two-meter sticks to measure the height 
of the classroom.

Measurements Estimates to the nearest 1 m Measurements in meters
Classroom width
Classroom length
Classroom height

After each group have completed their measurements, hopefully, they will have a feel of 
measurements in the metric system. Then, the teacher will introduce the concept 
of percent error, experimental error, and how to calculate each.

Formulas:

Error = experimental value -  Expected value

% Error = Experimental value -  Expected value/Expected value x 100

Students will then be given sample questions to practice. After completing the sample
questions the teacher will go over the answers with the class. Student will then be 
asked to take a teacher-created quiz and the enjoyment of science questionnaire.

At the end of the period, the teacher will summarize all concepts learned in class.

In the fourth lesson, student will expand what they learned yesterday regarding unit 
measurement and the metric system by doing the following activity.
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Unit and Unit Conversion

Metric prefixes and some basic conversion factors are will be given in the introduction. 
For example, the conversion between the metric system and the British system for 
lengths is the definition of the inch: 1 inch = 2.54 cm. The conversion factor (2.54 
cm/1 inch) is equal to one so that multiplication by this conversion factor will 
change the units but not the value of the length being converted.

Unit of Length

There are  centimeters in a m e te r ,   millimeters in a centimeter,
______________millimeters in a meter, and____________meters in a kilometer.

In order to convert from one set of units to another, multiply by the appropriate 
conversion factors.

For example: Calculate the number of millimeters in one foot:

1 ft (12 in/lft)(2.54 cm/ lin)(10 mm/1 cm) = 304.8 mm

Try the following questions on your own....ask for help when you need too.

1. Show all conversion factors used, calculate the number of
a. miles in a kilometer
b. kilometers in a mile
c. yards in a meter
d. meters in a yard

2. Using the measurements you collected yesterday, perform the following 
conversions.
a. Convert your height to inches
b. Convert your head width to millimeters
c. Convert your leg length to meters
d. Convert the classroom width, height, and length to yards

Unit of Time

There are___________seconds in a minute,__________ minutes in an hour,
_____________hours in a day, and____________ days in a year.

Use the conversion factors above to perform the following conversion (show all your 
work).

1. Seconds in an hour
2. Seconds in a week
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3. Minutes in a day
4. Seconds in a day (put your answer in scientific notation).

Once students have complete all the questions, the instructor will correct any 
misconceptions and summarize what they have learned.

In the fifth lesson (day five), students will participate in the last activity for the week. In 
this activity, students will use a digital meter, one- meter meterstick, a wooden 
block, and a wooden box to make measurement.

Measurement with Electronic Devise 
Groups: form groups of threes 
Materials: Each group with have:

• a one-meterstick and a Bosch GLM digital lazer distance measuring 
tool

• a wooden block
• a wooden box

Measurements
1. Using the meter stick and Bosch GLM digital lazer distance measuring tool measure 

the dimensions of the provided block. Record your measurements in the table below 
to the nearest 0.1 cm. Make your decision on which dimension should be labelled 
length, width, and height.

Length (cm)
Width (cm)
Height (cm)

2. Using the meterstick and the Bosch GLM digital lazer distance measuring tool 
measure the interior dimensions of the provided wooden box. Record your 
measurements in the table below to the nearest 0.1 cm.

Length (cm)

Width (cm)

Height (cm)

Calculations

For each of the calculations, show all your work and round your answers to the 
correct numbers of significant figures.

■y

1. Determine the volume of the provided wooden block in cm .
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2. Determine the surface area of the provided wooden block cm .

3. Determine the capacity of the provided wooden block in cm .

4. How many identical blocks (provided) to the one provided will fit in the wooden 
block?

5. Try to fit the number of blocks calculated in step 4 into your wooden box (the 
instructor has additional blocks). Did they all fit in? Can you modify your 
calculations in step 4 to get a better result?

6. Convert the capacity of the wooden block in m3.

7. What amount of water in kilograms will fit in the wooden box? (Use: one cubic 
meter of water has a mass of 1.00 x 103 kg.

8. What is the difference between volume of the object and its capacity?

Once students complete the activity, the teacher will go over the answer and correct any 
misconceptions.

Baseline Data Quiz 3

Convert from scientific notation to decimal notation keeping the same number of 
significant figures.

1. 8.25 x 10 -1

2. 4. 68x1  O’13

3. 8.987 xlO9

4. 6 .01x10"

Determine the number of significant figures in the following numbers.

5. 86.5

6. 0.005

7. 20.0000

8. 20000
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Convert each from decimal notation to scientific notation. Round all numbers to three 
significant figures.

9. 0.00000000000000036785
10. 456,789,367

An Overview of the first Week’s Lesson Plans 
Lesson Plans with a Kinesthetic Focus

Purpose:

This lesson plan consists of five 1.5-hour lessons. The plan has four main purposes:

1) To introduce the students to the term matter and the states in which it 
exists.

2) To help students be able to distinguishing between physical and 
chemical properties of matter.

3) To introduce the concept of physical and chemical changes as it relate 
to matter.

4) To introduce to students the ways in which matter is classified (i.e., pure 
substances and mixture, which mixtures can be further categorized into 
homogeneous and heterogeneous mixtures and pure substances can further 
be divided into elements and compounds).

Context:

It is important for beginning students of chemistry to study matter and its properties. 
Chemical and physical properties and chemical and physical changes of matter are two 
interrelated building blocks chemistry concepts. Understanding these foundational 
concepts of chemistry is crucial in helping students develop a deeper understanding of 
chemical interactions and reactions in the future.

In this unit, students will be introduced to the term matter as it relates to chemistry. They 
will explore its chemical and physical properties, chemical and physical changes, and 
how matter is classified. To evaluate understanding of the topic, students will complete 
five labs, each focusing on one aspect of matter (i.e., physical property, chemical 
property, physical and chemical changes, and classifying matter). In addition, students 
will complete a culminating project by creating a play entitled “What is the matter with 
matter?” Students will perform the play in the last 30 minutes of the period. Each group 
will have five minutes to perform their skirt.

In the first lesson, students will be introduced to what matter is and the physical 
properties of matter. In addition, intensive and extensive properties of matter will be 
discussed. The first lesson consists of an engagement activity. Using a demonstration, the
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teacher and students will discuss what matter is and its physical properties. A physical 
property is an aspect of matter that can be observed or measured without changing it. 
Examples of physical properties of matter include density, color, volume, and molecular 
weight. Thereafter, student will investigate one of the physical properties of matter called 
density. Students will perform a simple experiment involving five liquids with different 
densities. They will be asked to make a hypothesis on how the liquids can be stacked 
together to create a five density liquid column. In this activity student will develop their 
own hypothesis and follow the scientific method to create the five layered density 
column. At the end of the lesson, student will reflect in their journals on what they 
learned from the density activity and offer suggestions on ways to improve the activity. 
Since this is the first day, an introduction to matter lesson, thus, the main assessment for 
the day will be completion of the lab activity and the lesson outline. Both are included in 
day one lesson plan.

In the second lesson, students will explore the states of matter (solid, liquid, gas, Plasma, 
Bose-Einstein condensates, and neutron degenerate matter). Students will also explore the 
commonly known changes of state (from a solid, to a liquid, to a gas and vice versa) that 
matter can undergo. Before exploring the commonly known phase changes, students will 
go back to the groups created on Monday. Students will be asked to formulate their 
hypothesis before conducting the experiment. During the investigation student will 
observe and record their observation of the melting ice experiment. At the end of the 
investigation, they will answer lab questions and write a conclusion summarizing their 
observations. In addition, since this is day two of the unit lesson plans, students will 
complete a 10 multiple choice questions quiz (paper and pencil) to assess what student 
have learned and understood in the first two days (the quiz questions are attached with 
day two lesson plan).

In the third lesson, students will learn the physical and chemical changes of matter. This a 
10 station lab investigation (see attached hand out entitled “How can you tell a physical 
change from a chemical change?”). In their groups, students will be asked to formulate a 
hypothesis at each of the lab station prior to conducting the lab. Students will record their 
observation at each station. Once students have had a chance to visit all the 10 stations, 
they will complete their lab write up, answer analysis questions, and complete their 
conclusions for the lab.

In the fourth lesson, student will explore chemical properties of matter. A chemical 
property may only be observed by changing the chemical identity of a substance. 
Chemical property measures the potential for undergoing a chemical change. Examples 
of chemical properties of matter include flammability, combustibility, oxidation states, 
and reactivity.

To further understand the concept of chemical reactivity, students will be put into groups 
created on Monday. Then, students in each group will investigate the reactivity of two
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group two elements namely magnesium and calcium. Before the investigation, students 
will be asked to formulate their own hypothesis as which element will be more reactive 
than the other? During the investigation, students will observe the reaction rates of 
magnesium and calcium when reacted with dilute hydrochloric acid. They will also 
conduct a test to ascertain the presence of hydrogen gas as a by-product from both 
reactions (magnesium and hydrochloric acid and calcium and hydrochloric acid).

In the fifth lesson (day five), students will complete an eight station lab on ways for 
categorizing/classify matter. In general, matter is classified into two large groups, 
mixtures and pure substances. Mixtures can be classified further into homogeneous and 
heterogeneous. Homogeneous mixtures are mixture with same composition throughout 
(For example, milk, ice cream frost, wine, regular alcohol, and sodas) whilst a 
heterogeneous mixture is a type of mixture in which the composition is not the same 
throughout (For example, chicken noodle soup, orange juice with pulp, and water and 
sand mixture). Pure substances include elements directly from the periodic table su ch as 
iron, magnesium, potassium and others. In addition, pure substances includes also 
compounds. Compounds are a pure substances made of more than one pure elements 
chemically combined together. Iron sulfide is an example a compound made of sulfur and 
iron.

Culminating Project
After students have completed lab write up, they will start working on their culminating 
week one project. Students in each group will create a play about matter. The play will 
include characters such as Ms. Jones (who will act out what matter is), a character such as 
Mr. Property (who will act out the physical and chemical properties of matter) and a 
character named Ms. Hannah (who will act out the four commonly known states of 
matter) and a character such as Mr. Chance who will act out the ways with which matter 
is classified.

Week 1: Day One Lesson Plan 
Kinesthetic Focus Lesson 

Matter and its physical properties
Objectives
At the end of the lesson student will be able to

1) Know the meaning of the word matter as it related to Chemistry (by definition, 
matter is anything that has mass and occupies space).

2) Know physical properties of matter including intensive (property of matter that is 
independent of the amount present) and extensive (a property of matter that is 
dependent on the amount of matter present) properties

3) Know how to investigate densities of different liquids (a lab activity in which 
students will stack liquids of different densities to create a density column).

4) Know how to write up a scientific lab (students will follow the scientific method 
step and processes to complete the density column lab).

Materials
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• Eight 9 oz portion cups (one cup per table).
• Forty food coloring tablets or any other food coloring (four tablets of different 

colors per table).
• Eight 200ml graduated cylinder
• One bottle of rubbing alcohol (density .79g/ml)
• Water (density 1.00g/ml)
• Honey (density 1.42g/ml)
• Dawn Dish washing soap (1.06g/ml)
• Vegetable oil (0.92g/ml)
• Six sensitive scales, one per group
• Copies of lesson outline for each student
• Rocks
• Books
• Candies
• Plastic cups

Georgia Science Standards Covered

SCI - Students will analyze the nature of matter and its classifications,

a) Identify substances based on chemical and physical properties of matter

Concept and Skills 
Use scientific tools
Record investigations clearly and accurately 

Lab Safety
Wear closed toe shoes at all times
Put your hair in a pony-tail
Wear apron at all times
Wear gaggles at all times
Follow all other lab safety procedures discussed

Key Concepts of the Lesson
Matter is anything that has mass and occupy space. Based on this definition, everything 
around us is made up of matter. Matter has both physical and chemical properties. 
Physical properties are characteristics of matter that can be observed or measured without 
changing the substance’s composition. Examples of physical properties include density, 
color, odor, hardness, melting point, and boiling point.
Physical characteristics can be further described as extensive (are dependent on the 
amount of the sample i.e., length, mass, and volume) and intensive (are independen t of 
the amount of the sample present i.e., density at constant temperature and pressure, is the 
same no matter how much the substance is present) properties. Most substances can be 
identified by their intensive properties. For instance, most of the spices at your loca l
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grocery store can be identified by their scent. Furthermore, density which is the ratio of
mass to volume, can be used to identify an unknown sample of matter (density =

-2

mass/volume). The unit for density is g/cm for solids or g/mL for liquids and gases.

The Science Behind the Density Column
Same amount of two liquids will have different weights because each liquid has a

different mass. Based on this, the liquid with high mass (weigh more or den ser 
liquid) will sink and the liquid with lower mass (weigh less or less dense) will 
float on top of the much denser liquids. Thus, following this understanding of 
density students will be able to stack liquids on top of other liquids to create the 
five layer density column.

Procedure
For this lesson, students should be issued the lesson outline entitled “Matter and its 
physical properties (below)”. This outline, numbered Roman numeral I-VI, should be 
filled out by students as the lesson progresses. For example, numeral I requires students 
to provide the scientific definition of the word “matter” and to list five examples of 
matter from the classroom. Numeral II asks students to provide explain what they know 
about physical change, and the meaning of intensive and extensive properties of matter. It 
also ask students to list three examples of intensive properties of matter and three 
extensive properties of matter; and numeral III asks students to define density in their 
own words. At the end of the lesson, students will complete numeral VII of their lesson 
outlines by listing four specific kinds of information they have learned from the lesson.

Steps of the Lesson Plan:

1) Begin the lesson by saying today will be studying matter and its physical 
properties. Place different materials (rocks, books, candies, plastic cups, etc.) in front 
of the class. Ask students “What do all these things represent?” Confirm that they 
collectively represent different kinds of matter. Matter is anything that has mass and 
occupy space. Based on this definition, everything around us is made up of matter.

2) Explain to students that matter has both physical and chemical properties.
However, today’s lesson will mainly cover physical properties of matter. A phy sical 
property is an aspect of matter that can be observed and/or measure without changing 
it. Ask students, which physical properties can we study from our samples of matter 
(color, volume, density, mass, weight, length, hardness luster, ductility, etc.)

3) Explain to students that physical properties of matter are grouped into two 
categories. 1) Intensive properties, which are the properties of matter that do not 
depend on the amount of matter present. Examples of intensive properties of matter 
include color, odor, luster, malleability, ductility, conductivity, hardness, density, 
boiling point, and melting point/freezing point. 2) Extensive properties of matter, the 
properties of matter that depends on the amount of matter present. Examples of



156

extensive properties of matter include mass, weight, volume, and length. Students 
should use this information to complete their lesson outline.

Student Lesson
Outline Name

Class_

Date

Matter and Its Physical Properties 
Day One: Lesson Outline

I. What is Matter?

II. List three examples of matter in the classroom and justify your answers.

1.

2 .

3.

III. What is a physical property of matter?
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IV. List three examples of physical properties of matter.

1.  

2 .   ____________________________________________

3 . ________________________________________________________________

V. What is an intensive property of matter? Give 3 examples and justify your answer

VI. What is an extensive property of matter? Give 3 examples and justify your answer

VII. Write a brief summary with examples detailing what you learned today. Did you 
learn anything new? If yes, how did that change your previous understanding of 
matter and its physical properties?
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5) Explain to students that for the rest of the period, they are going to further explore 
one example of physical properties of matter called density.

Creative Grouping.

Students will be grouped into six groups each with five students. To group 
students, I will create 30 pieces of paper (2 by 4 inches each). The 30 pieces of 
paper will be grouped into six groups each containing five pieces of paper. In 
each of the five pieces of paper I will write a word related to the topic we are 
studying. The words will be: Matter, Chemical property, Physical property, States 
of matter, Classification. The 30 pieces of papers will be thoroughly mixed in a 
bowl. Once students arrive in the class. Students will be asked to sit down in a big 
circle. The teacher will ask student to each pick a strip of paper (without opening 
the paper). Once, each student has picked a piece of paper. The teacher will ask 
the students to stand up and come together forming a compacted group. They will 
have to be very close to each other. In the big group, students will be asked to 
start moving in a mill worm formation making grunting noises representative of 
their assigned word. Once each student has found members of their group (for 
example, all students with the word matter will form one group, all students; will 
the word classification will form the second group and so forth). Once students 
have formed their groups they will be asked to go back to their designated tables 
in the class. Each of the six big science tables in the class will labeled with the 
words Matter, Chemical property, Physical property, States of matter, 
Classification. Then, one member from each group will be asked to come to the 
material table to get materials for the “Five Layer Density Column Activity ”.

6) In their groups, students should read their “Five Layer Density Column Activity” 
sheet and complete the activity (below). As students are completing the activity 
(below), the teacher will walk around providing guidance to each group.

Five Layer Density Column Activity Sheet 
Day One Lab

Lesson Overview
It is easy to make columns out of LEGO blocks, wood, books, and any other solid 
materials. However, it requires an understanding of chemistry to create columns of 
liquids. Yes, with a basic understand of density, a physical property of matter, you will be 
able to stack different liquids into columns. In todays’ activity, you will investigate the 
densities of five different liquids. From the information gathered and the material 
provided, create a column of five different liquids. Please, follow previously discussed 
scientific method procedures to complete this lab activity.

Materials

• 9 oz portion cup
• Food coloring tablets (or any other food coloring)
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• Graduated Cylinder
• Rubbing alcohol (density .79g/ml)
•  Water (density 1.00g/ml)
• Honey (density 1.42g/ml)
• Dawn Dish washing soap (1.06g/ml)
• Vegetable oil (0.92g/ml)
• A scale

Procedures

1) A full lab write up is needed
2) Measure 8 Oz of each type of liquid using the graduated cylinder. To create a 

more dramatic effect of the columns, you may need to color all the liquids 
differently using the coloring tablets provided. The liquids you may not be able to 
color are vegetable oil and honey. Don’t worry about these two liquids.

3) Based on your hypothesis, start pouring the liquids into the 8 Oz portion cup. Be 
sure to pour the liquids slowly and directly at the center of the cup making sure 
that the liquids do not touch the sides of the cup. It is okay for the liquids to mix a 
little as you’re pouring, they will eventually even out themselves.

4) As you pour each liquids, the liquids will form layers on top of each other 
creating the five layer column.

Analysis Questions

1. Explain how does this work based on your understanding of density (two 
paragraphs).

2. Using the formula, density = mass/volume, a sensitive scale, and the volume of a 
cylinder formula, V= 7ir2h, calculate the density of each liquids. Are the calculated 
densities exactly the same as those provided by the manufacturer of the liquids? If 
not why? (Sources of errors).

3. After leaving the columns open in the lab for two days, the layers of vegetable oil 
and rubbing alcohol have switched places. The rubbing alcohol is now below the 
vegetable oil, indicating that the density has changed. What may have caused this 
to happen? What could you have done differently to prevent this from happening?

Conclusion

In your conclusion,
1) Re-state your hypothesis
2) State whether your hypothesis was accepted (supported by data) or rejected 

(not supported by data).
3) Connect what you learned from this experiment to your daily life experiences.

Lesson Closure

To close the lesson, the teacher will briefly summarize the content covered in class. 
Remind students that, today’s lesson covered what matter is (anything that has mass and
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occupies space). Thus, everything around us is matter. We also, looked at the concept 
called physical property of matter. Physical property of matter is an aspect of matter that 
can be observed or measured without changing it. Examples of physical properties of 
matter include color, volume, length, density, mass, weight, hardness, luster, and 
ductility. In addition, physical properties of matter can be grouped into extensive 
(dependent on the amount of matter present) and intensive (independent of the amount of 
matter present). Last, you had the opportunity to investigate on of the examples of 
physical characteristics of matter named density in which you created the density column.

Assessment
Various types of assessments employed throughout this lesson. One: student lesson 
outline is aimed at making sure that students do gather all the necessary and important 
information during the lesson. The student lesson outline form will be graded for 
accuracy and completion and students will awarded a classwork grade for it. Two: the lab 
activity evaluated student ability to formulate testable hypothesis, conduct a scientific 
experiment following the scientific method, and writing clear and concise conclusion 
based on collected data.

Day Two Lesson Plan
Kinesthetic Focus Lesson The States of Matter 

Objectives
At the end of the lesson student will be able to

7) Know the four states of matter (solid, liquid, gas, plasma, Bose-Einstein 
condensate, and Neutron degenerate matter).

8) Know how to investigate the three commonly known states of matter 
experimentally (solid, liquid, and gas) following the scientific method.

9) Know how to plot and graph data correctly (learn about proper graph titling, axes, 
and scaling data for graphing).

10) Know how to write up a scientific lab and reflect on findings (follow the lab write 
up format discussed during baseline phase).

Materials

• 6 hot plates, one for each group
• 6 thermometers, one for each group
• A large bucket of ice
• A big spatula for putting ice in the beakers
• Six large beakers one per group
• 30 copies of lab hand-outs one for each student
• 30 copies of lesson outlines one for each student

Georgia Science Standards Covered
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SCI - Students will analyze the nature of matter and its classifications.

b) Identify substances based on chemical and physical properties of matter

Concept and Skills 
Use scientific tools
Record investigations clearly and accurately 

Lab Safety
Wear closed toe shoes at all times
Put your hair in a pony-tail
Wear apron at all times
Wear gaggles at all times
Follow all other lab safety procedures discussed

Key Concepts of the Lesson
Most common substances exist as solids, liquids, and gases. However, scientists also 
recognize plasma, Bose-Einstein condensate, and Neutron degenerate matter as other 
noncommon states of matter. In fact, all matter existing naturally on earth can be 
classified into the first three forms: solids, liquids, and gases. The vocabulary that 
students must know in this lesson include solid, liquid, gas, plasma, Bose-Einstein 
condensate, and Neutron degenerate matter. Solids have definite shape and volume. 
Liquids are a form of matter that flows, has constant volume, and takes the shape of the 
container. Lastly, gas is a form of matter that conform to the shape of container and also 
fills the entire volume of the container.
The other three states of matter occurs in extreme conditions, either extreme high 
temperatures (plasma) or ultra-cold temperatures (Bose-Einstein condensate), and ultra- 
dense materials (Neutron degenerate matter).

Procedure
For this lesson, students should be issued the lesson outline entitled “The states of 
Matter”. This outline, numbered Roman numeral I-III, should be filled out by students as 
the lesson progresses. For example, numeral I requires students to list for the four states 
of matter. In addition, students are asked to give two example for each of the state of 
matter. Numeral II asks students to explain in their own words the properties of a solid, a 
liquid, and a gas. Students should be able to distinguish between solid, liquid, gas, and 
plasma. Numeral III asks students to explain the reasons to why when ice is heated it 
takes a while before changes in temperature happens. At the end of the period, students 
will complete numeral IV of their lesson outlines by listing and describing four specific 
kinds of information they have learned from the lesson (3 paragraphs).

Steps of the Lesson Plan:
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1) Begin the lesson by saying today we will study the states of matter. Matter 
exists in four states (solid, liquid, gas, and plasma). Other states of matter 
include Bose-Einstein condensate and Neutron degenerates matter, howe ver, 
these only occurs in extreme conditions such as in ultra-cold or ultra-hot dense 
matter. Place an ice cube on the demonstration table. Ask students what states 
of matter does ice represent? (Solid). Then, ask student to describe how the 
particles are arranged in a solid (compact, closely parked together, definite 
volume, definite shape, little movement of the particles, and very little kinetic 
energy). Put a glass of water on the demo table. Ask students, which state of 
matter does water represent? (Liquid). Then, ask students to describe how the 
particles are arranged in a liquids? (A little more space between the particles 
than in the solids, assume the shape of the container, definite volume, no 
definite shape, can flow, medium particle kinetic energy). Lastly, put a piece of 
dry ice on the demonstration table. Student will see gas gathering on the table. 
Ask students which state of matter does the vapor represent? (Gas). Then , ask 
students to describe the particle arrangement in a gas (particles are further 
apart, high particle kinetic energy, no definite shape nor definite volume).
Talk about the other less common states of matter such as Bose-Einstein 
condensate and Neutron degenerate matter so that students can have a firm 
understanding of their existence. Finally, talk about plasma. While this these 
demonstrations are being presented, make sure that students are writing the 
main points in their lesson outlines (below).

Name________________________________

Class___________________________ _____

Date_________________________________

The States of Matter 
Day Three: Lesson Outline

I. List the four commonly known states of matter

2 .

3.
4.

II. Distinguish solid, liquid, gas, and plasma

Characteristics Solid Liquid Gas Plasma
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Definite Shape

Definite Volume

Increasing
Temperat
ure

Decreasing
Temperat
ure

Draw a picture 
representi 
ng the 
arrangem 
ent 

of atoms
Give two

examples 
for each

/

III. What is Bose-Einstein Condensate?

IV. What is a Neutron Degenerate matter?

V. Why is temperature very important when describing the states of matter?

VI. Write a brief summary with examples detailing what you learned today. Did you
learn anything new? If yes, how did that change your previous understanding of 
the states of matter?
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2) Explain to students the kinetic theory of matter. Kinetic theory of matter states that 
all matter are in constant motion. Explain how the kinetic theory of matter can be 
used to describe the states of matter. Finally, explain to students that for the rest of the 
period, they are going to further explore the states of matter using ice cubes, beakers, 
and thermometers. Ask students to go to the groups created on Monday. Ask for one 
member from each group to come forward to get materials for the lab.

2) In their groups, students should read and write in their lab notebooks the lab 
entitled “Melting of Ice Lab” hand-out and complete the activity (presented 
below). As students are completing the activity, the teacher will walk around 
providing guidance to each group.

Melting of Ice Lab 
Day Two

Purpose:
This activity is designed to help you identify the phases of matter. You will experiment 

with and record measurements to determine the relationships between die water in 
all three phases. If you do this successfully, you will witness the actual change of 
matter from one phase into another phase. Using a thermometer, you can measure 
the energy added.

Materials:
• A big bucket of Ice cubes
• 6 glass beaker, one per table
• 6 thermometers, one per table
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• 6 hot plates, one per table
• 6 stop watches, one per table (they could use their smart phone if needed)

Lab Safety

1) Wear safety eye goggles and,
2) Wear apron at all times.

Procedure:
1. A full write up is needed for this lab.
2. Fill the beaker with ice cubes.
3. Carefully place the thermometer into the beaker with ice and take the temperature after

one minute.
Note: The thermometer should not be allowed to touch the bottom of the beaker. It 

should be held about center of the beaker from this point until the end of the 
experiment.

4. Record the measurement in a data table.
5. Plug in the hot plate and turn until it is between midway and high on the dial (375).
6. Immediately place the beaker with ice cubes onto the hot plate.
7. Observe the temperature as the heat energy melts the ice cubes.
8. Record the measurements in the data table every 30 seconds. Measure the temps as the

ice melts, the water heats up, and as it boils. Stop when the water has boiled for 5 
min.

9. Remember to not let the bottom of the thermometer touch the bottom of the beaker or
you will not get a real accurate temperature reading.

10. Look carefully at your data.
11. Construct a temperature vs. time graph of your data.

Analysis Questions:
1. What happened to the temperature as the ice melted?
2. What happened to the temperature after all the ice melted?
3. By how many degrees did the temperature increase after the water began boiling?
4. Describe the graph while the ice was melting, while the water was heating, and while

the water was boiling.
Conclusion 
In your conclusion,

4) Re-state your hypothesis
5) State whether your hypothesis was accepted (supported by data) or rejected 

(not supported by data).
6) Connect what you learned from this experiment to your daily life experiences.

Lesson Closure
To close the lesson, the teacher will briefly summarize the content covered in class 
Remind students that, today’s lesson covered the states of matter (solid, liquid, gas, 
plasma, Bose-Einstein condensate, and Neutron degenerate matter). Emphasis to students
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that the first three phase changes (solid, liquid, and gas) happens between 0°C and 100 0 
C, while plasma, Bose-Einstein condensate, and Neutron degenerate matter happens at 
extreme temperature (cold or hot). Thus, all phase changes are classified as physical 
changes. No new substance is formed.

Assessment

Various types of assessments were employed during this lesson. One: student lesson 
outline was used to make sure that student gather all the important information during the 
lesson. The handout will be graded for classwork grade. Two: student performed a lab 
activity to evaluate their abilities to formulate testable hypothesis, conduct a scientific 
experiment, and writing clear and concise conclusion based on collected data. Three: 
student completed a 10 multiple choice question quiz to assess their understanding of 
concept presented (the 10 question quiz is presented below).

Day Three Lesson Plan
Kinesthetic Focus Physical and Chemical Changes 

Objectives
At the end of the lesson student will be able to
11) Know the difference between a physical change and a chemical change (a 
physical change is any not involving formation of a new substance. It is a change that 
does not change the chemical identity of the substance (i.e., melting of ice and all phase 
changes (from solid to liquid, liquid to gas and vice versa) whereas a chemical change is 
a type of change that results into the formation of a new substance. It changes the 
chemical identity of the substance (i.e., rusting of iron, burning of a piece of paper and so 
forth).

12) Know how to investigate the changes of states of matter.
13) Know how to write up a scientific lab and reasonably use collected data to make a 

conclusion.

Materials
•  Two lighters
• Two Candles
• 50g zip lock bag of sand
• 50g of Iron fillings
• Two bars of magnet
• 20 alka-seltzer tablets
• Six (foam) cups
• 1 OOg table salt
• One box of baking soda (at least 250g)
• One big bottle of vinegar

Georgia Science Standards Covered
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SCI - Students will analyze the nature of matter and its classifications.

c) Identify substances based on chemical and physical properties of matter

Concept and Skills 
Use scientific tools
Record investigations clearly and accurately 

Lab Safety
Wear closed toe shoes at all times
Put your hair in a pony-tail
Wear apron at all times
Wear goggles at all times
Follow all other lab safety procedures discussed

Key Concepts of the Lesson
Matter undergoes physical and chemical changes. A physical change alters the physical 
property of a substance without changing its composition. For example, crumping a piece 
of aluminum foils does change the physical appearance of the aluminum foil sheet from 
straight, smooth, and flat to a pile of aluminum sheet, however, it does not change the 
composition of the aluminum foil. A chemical change involves a change in a substance’s 
composition. This change results in a new substance completely different from the 
original substances forming it. A simple example of a chemical change is the burning of a 
piece of paper into ashes and gas being given out.
Some of the vocabulary that students will need to understand in this topic include 
chemical change, physical change, phase change, the law of conservation o f mass ( Mass 
reactant= Mass product) which states that mass is neither created nor destroyed during a 
chemical reaction; it is conserved.

Procedure and Steps of the Lesson:

Step One:
For this lesson, students should be issued the lab handout entitled “How to tell a physical 
change from a chemical change”. Before conducting the lab investigation, the teacher 
will explain what a physical change and a chemical change is? A physical change is any 
type of change not involving the substances chemical identity. Thus, a physical change 
does not alter the chemical identity of the substance. For example, melting of ice is a 
physical change. Ice and water a chemically identical, the only thing that changes from 
ice to water is the arrangement of molecules (compacted and low kinetic energy in solids) 
while molecules in liquids are a relatively further apart than in solids and have relatively 
high kinetic energy. In addition, all changes of states (from solid to liquid, from liquid to 
gas, and from gas to back to either liquid or solid) are physical changes. Indications of 
physical changes include change in size or shape, phase changes, and dissolution (solute
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dissolving in a solvent). On the other hand, a chemical change alters the chemical 
identity of a substance. Meaning, a chemical change results in the formation of a new 
substance completely and chemically different from the elements that formed it. 
Examples of a chemical change include burning of paper, rusting of iron, and so forth. 
Some indicators of a chemical reaction includes odor, temperature change (exotheimic or 
endothermic reactions), color changes, formation of solids (precipitates), and bubbles.

Step Two:
This is 10 stations lab (below). Students will have 5 minutes at each station to conduct 
their investigation. Students should write copious notes of their observations at each 
stations. These notes will help them to make a correct judgement for the type of reaction 
happening at each station. Students will move in a clockwise direction to complete the 
lab. As student are moving from one station to the next, the teachers will be answering 
students’ questions and any other issues they may have. Once students have visited all 
stations, they will then, go back to their table to complete the lab write up and answer 
questions. Emphasis to students that they should at all the indicators/signs for physical 
and chemical changes while making their judgement of whether the reaction they saw 
was a physical change or a chemical changes.

How to Tell a Physical Change from a Chemical Changes 
Day 3:10 Stations Lab

Instructions:
There are 10 lab stations to visit. You need to do what is directed at each station, answer 
the questions, and get your teacher’s approval before you move to the next station. Some 
stations may require more time than others. Please stay in the same groups we created on 
Monday.
Each group will move in a clockwise direction to complete the labs. You will have 5 
minutes at each lab station, thus, spend your time wisely. After you have visited each lab 
station, fold your apron and put it away. Take your goggles off and put them away. Spend 
the rest of the class time to complete the write up portion of the lab. Good-luck!!!!

Lab Safety
1) Wear safety eye goggles and,
2) Wear apron at all times.

Station 1: Candle Light Station
1. Take a lighter.
2. Light up the candle
3. Record your observation

Data Table 1: Observations from Station 1

Action Observation Chemical Physical

Change Change
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What do you see?

Based on your observations, infer if this is a CHEMICAL change or a 
PHYSICAL change and state the reason why.

This is a (circle one: PHYSICAL or CHEMICAL) change because__

Get teacher’s approval before moving on to the next station:_____

Station 2: Sand and Iron Fillings Mixture
1. Fill a zip-lock bag with a tea spoon of iron fillings
2. In the same bag, add a tea spoon of sand and mix it together
3. Insert a magnet bar into the zip-lock bag five times
4. Record your observation

Data Table 2: Observations from Station 2
Action Observation Chemical

Change

Physical

Change

What do you see?

Based on your observations, infer if this is a CHEMICAL change or a PHYSICAL
change and state the reason why.

This is a (circle one: PHYSICAL or CHEMICAL) change because

Clean the magnetic bar and put iron fillings and sand in their respective boxes. 

Get teacher’s approval before moving on to the next station:____________

Station 3: Alka-Seltzer Tablets
1. Fill one cup about half way with tap water.
2. Place one tablet of Alka-Seltzer into the cup with the tap water.
3. Record your observations:

Data Table 3: Observations from Station 3
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Action Observation

What do you see?

What do you hear?

Based on your

observations, 

infer if this is a 

CHEMICAL 

change or a 

PHYSICAL 

change and state 

the reason why

This is a (circle one: PHYSICAL or CHEMICAL) change because

Pour the solution down the drain, rinse out the cup, and dry the cup.

Teacher’s approval needed before moving on to the next station:____________

Station 4: Salt in Water
1. Fill a cup about half way full with water.
2. Place one-quarter of a small (do not overfill) teaspoon of salt into the water.
3. Stir with a toothpick until the salt dissolves.
4. Record your observations from the point of putting the salt into the water until the

salt dissolves.

Data Table 4: Observations from Station 4
Action Observation

What do you see?

What do you hear?



171

What do you feel?

What do you smell (use 

proper wafting 

technique)?

Based on your

observations, 

infer if this is a 

CHEMICAL 

change or a 

PHYSICAL 

change and state 

the reason why.

This is a (circle one: PHYSICAL or CHEMICAL) change because

Pour the solution down the drain, rinse out the cup, and dry the cup.

Get teacher’s approval before moving on to the next station:____________

Station 5: Baking Soda in Vinegar
1. Pour vinegar into the cup to fill it half way.
2. Put one-fourth of a teaspoon of baking soda into the vinegar.
3. Record your observations from the point of the baking soda going into the vinegar 

until the baking soda has disappeared.

Data Table 5: Observations from Station 5
Action Observation

What do you see?

What do you hear?
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What do you feel?

What do you smell (use 

proper wafting 

technique)?

Based on your

observations, 

infer if this is a 

CHEMICAL 

change or a 

PHYSICAL 

change and state 

the reason why

This is a (circle one: PHYSICAL or CHEMICAL) change because

Pour the solution down the drain, rinse out the cup, and dry the cup.

Get teacher’s approval before moving on to the next station:____________

Station 6: Kool-Aid in Water
1. Fill a cup half way with water.
2. Put one fourth of a teaspoon of Kool-Aid into the water. Stir with a toothpick.
3. Record your observations from the point of the Kool-Aid going into the water 

until the Kool-Aid dissolves.

Data Table 6: Observations from Station 6
Action Observation

What do you see?

What do you hear?
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What do you feel?

What do you smell (use 

proper wafting 

technique)?

Based on your

observations, 

infer if this is a 

CHEMICAL 

change or a 

PHYSICAL 

change and state 

the reason why

This is a (circle one: PHYSICAL or CHEMICAL) change because

Pour the solution down the drain, rinse out the cup, and dry the cup. 

Get teacher’s approval before moving on to the next station:______

Station 7: Antacids in Vinegar
1. Pour vinegar to fill the cup half way.
2. Put one tablet into the vinegar.
3. Record your results.

Data Table 7: Observations from Station 7
Action Observation
What do you see?

What do you hear?

What do you feel?

What do you smell (use 
proper wafting
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technique)?
Based on your

observations,
infer if this is a
CHEMICAL
change or a
PHYSICAL
change and state
the reason why

This is a (circle one: PHYSICAL or CHEMICAL) change because

Pour the solution down the drain, rinse out the cup, and dry the cup. 

Get teacher’s approval before moving on to the next station:______

Station 8: 2% Milk and Vinegar
1. Pour 20ml of 2% milk in a 100ml Pyrex test tube
2. Add 10ml of vinegar into the same test tube above.
3. Record your observation

Data Table 8: Obseivations from Station 8
Action Observation
What do you see?

What do you hear?

What do you feel?

What do you smell (use 
proper wafting 
technique)?

Based on your
observations, 
infer if this is a 
CHEMICAL 
change or a 
PHYSICAL 
change and state 
the reason why

This is a (circle one: PHYSICAL or CHEMICAL) change because
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Pour the solution down the drain, rinse out the cup, and dry the cup.
Get teacher’s approval before moving on to the next station:____________

Station 9: Ice -to-Water-to-Steam
1. Fill a beaker lA with ice
2. Take the temperature of ice_______________
3. If you add more ice, will the temperature get colder? Circle YES or NO and 

Explain:

4. The ice that is changing into water is at the (circle one: MELTING or BOILING 
point).

5. Changes of state such as ice changing into water is an example of a (circle one: 
PHYSICAL or CHEMICAL change).

6. What is the temperature of the steam in degrees Celsius?

7. The water that is changing into steam is at the (circle one: MELTING or 
BOILING) point.

8. What happens to the water that turns into steam? Where does it go?

9. Evaporation is an example of a (circle one: PHYSICAL or CHEMICAL) change.

Station 10: Making Gelatin
1. Pour enough water into the ice tray to fill one compartment.
2. Put one fourth of a teaspoon of gelatin into the same compartment of the tray. 

Use a toothpick to stir.
3. Come back to record your results at the end of the experiment or the next day 

Data Table 10: Observations from Station 10
Sense Observation
What do you see?
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What do you hear?

What do you feel?

What do you smell (use 
proper wafting 
technique)?

Based on your
observations, 
infer if this is a 
CHEMICAL 
change or a 
PHYSICAL 
change and state 
the reason why

This is a (circle one: PHYSICAL or CHEMICAL) change because

Pour the solution down the drain, rinse out the cup, and dry the cup.

Teacher’s approval needed before moving on to the next station:____________

Conclusion
In your conclusion,
7) Re-state your hypotheses
8) State whether your hypotheses were accepted (supported by data) or rejected 

(not supported by data).
9) Connect what you learned from this experiment to your daily life experiences. 

Lesson Closure

To close the lesson, the teacher will briefly summarize the content covered in class. 
Remind students that, today’s lesson covered physical and chemical changes. Physical 
change does not alter the chemical composition of the substance while chemical change 
does. Chemical change results in the formation of a new substance whereas physical 
change does not produce a new substance. Some examples of a physical change includes 
melting of ice, ripping a piece of paper, and all change of states (from solid to liquid to 
gas and vice versa). On the other hand, examples of a chemical change include rusting of 
iron, burning a piece of paper, in reactions where temperature changes, odor is produced, 
bubbling gas is given off, and reactions in which precipitates are formed.

Assessment
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Two types of assessments were employed during this lesson. One: student performed a 
lab activity to evaluate their abilities to formulate testable hypothesis, conduct a scientific 
experiment, and writing clear and concise conclusion based on collected data. Two: 
student completed a 10 multiple choice question quiz to assess their understanding of 
concept presented (the 10 question quiz is presented below).

Student Name_______________________________________________________ Quiz # 2
Physical and chemical Changes 

Instructions: Complete the following 10 questions by bubbling the correct answer ::n your
scantron sheet provided.

1. Which of the following is a chemical reaction?
a. Freezing liquid Mercury
b. Adding yellow to blue to make green
c. Cutting a piece of paper into two pieces
d. Dropping a sliced orange into a vat of Sodium Hydroxide
e. Filling a balloon with natural air

2. Which of the following is a physical reaction?
a. Shattering Glass with a baseball
b. Corroding Metal
c. Fireworks Exploding
d. Lighting a match
e. Baking a cake

3. Which of the following is a chemical reaction?
a. Painting a wall blue
b. A bicycle rusting
c. Ice cream melting
d. Scratching a key across a desk
e. Making a sand castle

4. Which of the following is a physical reaction?
a. Frying an egg
b. Digesting carrots
c. A Macbook falling out of a window
d. Creating ATP in the human body
e. Dropping a fizzy tablet into a glass of water

Write “a” for Chemical Reaction or “b” for Physical Reaction for the following question 
in your answer sheet (Scranton).

5. Burning Leaves
6. Cutting Diamonds
7. Crushing a pencil
8. The salivary amylase enzyme that breaks down food in the mouth
9. Salt mixing in with water
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10. Alka-Seltzer mixing in vinegar 
Day Four Lesson Plan
Kinesthetic Focus Lesson Matter and its chemical properties 
Objectives
At the end of the lesson student will be able to

14) Know chemical properties of matter such as flammability, combustibility, and 
reactivity.

15) Know how to investigate a chemical property of matter using the scientific 
method

16) Know how to write up a scientific lab and reflect on findings 

Materials
• Six test tube racks, one rack per group
• 18 pyrite test tubes, three test tubes per group
• Six sprinters, one sprinter per group
• Big bottle of Hydrochloric acid 1 mol dm'3 (irritant)
• Magnesium (small piece of ribbon—highly flammable)
• Calcium ( small piece—flammable)
• 30 copies of lesson outline for each student

Georgia Science Standards Covered

SC 1 Students will analyze the nature of matter and its classification
a) Identify substances based on chemical and physical properties.
b) Predict formulas for stable ionic compounds based on balance of charges 

Lab Safety
Wear closed toe shoes at all times
Put your hair in a pony-tail
Wear apron at all times
Wear gaggles at all times
Follow all other lab safety procedures discussed
Key Concepts of the Lesson
Some properties of matter are not obvious unless the substance change composition as a 
result of its contact with other substances, or the application of thermal energy or 
electrical energy. The ability of a substance to combine with one or more other 
substances is referred to as chemical property. For example, a chemical property of iron 
is that it has the ability to combine with oxygen in the air to form rust. The inability of a 
substance to combine with other substances is also a chemical property. For example, 
when iron is placed in nitrogen gas at room temperature, not chemical change happens. 
Procedure
For this lesson, students should be issued the lesson outline entitled “Matter and its 
chemical properties”. This outline, numbered Roman numeral I-III, should be filled out 
by students as the lesson progresses. For example, numeral I requires students to provide 
the scientific definition of the word “chemical property” and to list three examples of
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chemical properties (flammability, reactivity, and combustibility). Numeral II asks 
students to explain in their own words what they know about a chemical property. 
Students should be able to distinguish between combustibility (Flash point above 100°F), 
flammability (flash point at 100°F), and reactivity (the ability to combine with other to 
form new substances or compounds) of different substances. It also ask students to list 
examples of flammable, combustible, and reactive materials; and numeral III asks 
students to define reactivity in their own words. At the end of the period, students will 
complete numeral IV of their lesson outlines by listing four specific kinds of information 
they have learned from the lesson.

Steps of the Lesson Plan:

3) Begin the lesson by saying today we will study chemical properties of matter. 
Place plastic duck in each table. Ask students to describe the duck (you will 
hear things like, it’s yellow, it has red eyes, it’s small, and it’s 
smooth).” Confirm those descriptions are correct and they represents color, 
shape, size, and texture of the duck. These descriptions represent physical 
properties (observable characteristics) of matter. However, in today’s class, we 
will leam chemical properties of matter. A chemical property of matter is. any 
characteristics of matter that gives the sample an ability or lack thereof to 
undergo a change that alters its composition. Examples of chemical properties 
of matter include the ability of a paper to bum and the reaction between alkali 
metals with water. Below is the lesson outline for students to fill out as the 
lesson progresses.

Name________________________________

Class_________________________________

Date_________________________________

Matter and Its Chemical Properties 
Day Four: Lesson Outline

I. What is a chemical property of matter?

II. List and define the three chemical properties of matter

5.
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6.

7.

III. Distinguish with examples the differences between flammability, combustibility, and 
reactivity of elements.

Combustibility Flammability Reactivity

VI. Write a brief summary with examples detailing what you learned today. Did you
leam anything new? If yes, how did that change your previous understanding of 
the states of matter?
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4) Explain to students that for the rest of the period, they are going to further explore 
one of the example of chemical properties of matter called reactivity. Ask students to 
go back to groups formed on Monday. Ask one member from each group to come 
forward to get materials for the lab “Investigating the Reactivity of Group Two 
Metals” (below)

17) In their groups, students should read and write in their lab notebooks the lab 
“Investigating the Reactivity of Group Two Metals” hand-out and complete the 
activity. As students are completing the activity, the teacher will walk around 
providing guidance to each group.

Investigating the Reactivity of Group Two Metals 
Day Four Lab

Lesson Overview
Group one is the most reactive group of metals. Group one metals gets more reactive as 
you go down the group. Group two metals are also reactive, however, they not as reactive 
as group one metals. In this activity, you will investigate and compare the reactivity of 
two group two metals, Magnesium and Calcium. Remind students how to judge/estimate 
the rate of a chemical reaction and how to perform a test for hydrogen since hydrogen 
will be released from both reactions. Students, please follow previously discussed 
scientific method procedures to conduct your investigation to complete this lab activity.

Materials
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• A test tube rack
• Two test tubes
• A sprinter

-l

• Hydrochloric acid 1 mol dm' (irritant)
• Magnesium (small piece of ribbon—highly flammable)
• Calcium ( small piece-flammable)

Lab Safety
3) Wear safety eye goggles and,
4) Wear apron at all times.

Procedures
5) Fill two test-tubes with a quarter full of dilute (1 mol-dm'3) hydrochloric acid.
6) In one test-tube drop a small piece of magnesium.
7) In the other test-tube drop a small piece of calcium.
8) Compare the reactivity of the two metals (take notes of your observation).
9) Drop another piece of magnesium the first test-tube and put your thumb to cover 

the top end of the test-tube.
10) When the pressure of the gas can be felt, take your thumb off and test the emitted 

gas using a lighted splinter (the lighted splinter will be ignited with squeaky pop 
sound indicating the presence of hydrogen gas).

11) Record what happens 
Lab Questions

4. Based on your observations, which was more reactive, magnesium or calcium?
5. Explain how did you determine the reactivity of the two metals? (one paragraph).
6. Which gas was released from these two reactions? How did you tell? Explain.
7. Write a word and chemical equation for the two reactions.

Conclusion
In your conclusion,
10) Re-state your hypothesis
11) State whether your hypothesis was accepted (supported by data) or rejected 

(not supported by data).
12) Connect what you learned from this experiment to your daily life experiences.

Lesson Closure

To close the lesson, the teacher will briefly summarize the content covered in 
class. Remind students that, today’s lesson covered the chemical properties of 
matter. Remind students that a chemical property of matter is the ability or 
inability of a sample to undergo a change that will alter its chemical composition. 
There are three chemical properties of matter. These include combustibility, 
flammability, and reactivity. And, reactivity refers to a state or power of 
something to be reactive or the degree at which some materials are reactive. In
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addition, remind students that the whole experiment they conducted was aimed at 
understanding the reactivity of group two metals i.e., calcium and magnesium.

Assessment
Various types of assessments were employed throughout this lesson. One: student 
lesson outline is aimed at making sure that students do gather all the necessary 
and important information during the lesson. The student lesson outline form will 
be graded for accuracy and completion and students will awarded a classwork 
grade for it. Two: the lab activity evaluated student ability to formulate testable 
hypothesis, conduct a scientific experiment following the scientific method, and 
writing clear and concise conclusion based on collected data. There will be no 
quiz today. The third quiz will be done tomorrow after each group has perfarmed 
their play activity.

Day Five Lesson Plan
Kinesthetic Intervention Matter and its Classification

Objectives
At the end of the lesson student will be able to

18) Know how to classify matter as mixtures and pure substances
19) Know how to classify mixtures as homogeneous and heterogeneous
20) Know how to separate mixtures (filtration, magnet, chromatography, 

crystallization, etc.)

Materials
•  Granite counter-top
• A bottle of iron fillings and sulfur powder
• Aluminum foils
• One box of lucky charms
• I gallon Orange juice with pulp
• A box of salt, a bag of sand, and water
• One bottle of Reddi whip
• A bottle of vegetable cooking oil
• A bottle of vinegar salad dressing

Georgia Science Standards Covered

SCI - Students will analyze the nature of matter and its classifications.

d) Identify substances based on chemical and physical properties of matter

Concept and Skills
Use scientific tools
Record investigations clearly and accurately
Lab Safety
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Wear closed toe shoes at all times
Put your hair in a pony-tail
Wear apron at all times
Wear gaggles at all times
Follow all other lab safety procedures discussed

Key Concepts of the Lesson
Matter can be classified into two major groups, pure substances and mixtures.
Pure substances are divided into elements (comes directly from the periodic table
i.e., iron, sulfur, hydrogen, calcium and so forth) and compounds (a chemical 
combination of two or more elements i.e., water, carbon dioxide, sulfur dioxide, 
dinitrogen tetroxide, and so forth). Vocabulary that students will need to know 
includes, compounds, elements, percent by mass, and periodic table.
Most everyday matter occurs as mixture of two or more elements. A mixtur e is a 
physical combination of two or more pure substances in any proportion. Mixtures 
are further divided into homogeneous (same composition throughout) and 
heterogeneous (not the same composition throughout). Solutions are 
homogeneous mixtures. All mixtures (homogeneous and heterogeneous) can be 
separated by physical means. Common separation methods include filtration, 
distillation, crystallization, sublimation, and chromatography.
Procedure

For this lesson, students should be issued the lab hand-out outline entitled “classifying 
matter.” This lab outline, include all the 8 lab stations. At each station, students will be 
asked to answer the following questions:

1) Identify the category of matter
a. Is it a pure substance? If so then is it an element or is it a compound?
b. Is it a mixture? If so, then is it a heterogeneous mixture or homogeneous 
mixture?
c. Have the students write down the criteria they use for their categorization 
schemes.

At the end of the lab activity, students will complete journal entry in their notes 
notebook describing four specific kinds of information they have learned from the 8 
stations lab activities (3 paragraphs).
After students have completed lab write up, they will start working on their culminating 
week one project. Students in each group will create a play about matter. The play will 
include characters such as Ms. Jones (who will act out what matter is), a character such as 
Mr. Property (who will act out the physical and chemical properties of matter) and a 
character named Ms. Hannah (who will act out the four commonly known states of 
matter) and a character such as Mr. Chance who will act out the ways with which matter 
is classified.

Steps of the Lesson Plan:
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4) Begin the lesson by saying today we will study the ways in which matter is 
classified. There are two main ways to classify matter. These are: pure 
substances and mixtures. By definition, pure substance are individual elements 
coming straight from the periodic table or compounds, which are a chemical 
combination of those elements. The element iron for example is a pure 
substance. Mixtures on the other hand are physical combinations of two or 
more pure substances. Mixtures can further be categorized into homogeneous 
(same composition throughout) and heterogeneous (not the same composition 
throughout) mixtures.

5) To demonstrate the difference between mixtures and pure substances, I will use 
iron fillings and sulfur powder. Iron fillings (pure substance) and sulfur powder 
(another pure substance) can be physically mixed to form a mixture of iron and 
sulfur powder. This mixture can be easily be separated by a magnet because of 
the magnetic nature of iron. However, when the mixture of iron and sulfur is 
heated, iron sulfide is formed. Iron sulfide is compound with characteristics 
that are different from the iron and sulfur mixture. The compound, iron sulfide 
cannot be separated by physical means and thus it is a compound (pure 
substance).

Name________________________________

Class_________________________________

Date_________________________________

Classification of matter 
Day Five: Lesson Outline

I. What is a pure substance? Give three examples and a justification for each.

II. What is a mixture? Give three examples and justify each.
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II. Using your own words define and list the two types of mixtures

IV. What is a compound? How is a compound a pure substance?

V. List three ways for separating mixtures

VI. Write a brief summary with examples detailing what you learned today. Did you
leam anything new? If yes, how did that change your previous understanding of 
the ways in which matter is classified?
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3) Explain to students that for the rest of the period, they are going to further explore 
how matter is classified. Ask students to go back to the groups created on Monday. 
Ask one member from each group to come to the supply area to collect lab hand out 
entitled “Matter and its classification.” (below).

4) In their groups, students should read and write in their lab notebooks the lab 
entitled “matter and its classification.” Once students have copied the lab. Students 
will visit all eight lab stations in a clockwise direction. As students are completing the 
lab, the teacher will walk around providing guidance to each group.

Matter and its classification 
Day 5 Lab

Overview:
The matter we know is separated largely into two categories. These are mixtures and pure 
substances. By definition, mixtures are physical combinations of at least two pure 
substances. Mixtures are separated further into homogeneous (with the same 
composition throughout) and heterogeneous (consisting of different composition). 
Examples of homogeneous mixture include Kool-Aid, Reddi whip dessert toping, and 
chocolate silk j if. Pure substance are individual elements coming straight from the 
periodic table or compounds, which are a chemical combination of those elements. The 
element iron for example is a pure substance. In addition, iron sulfide is an example of a 
compound. In today’s lab you will investigate the samples at each station and answer the 
questions that follows.

Lab Safety
5) Wear safety eye goggles and,
6) Wear apron at all times.
Station 1: Granite counter-top
After investing the granite counter-top slab thoroughly, answer the following question.

1) Identify the category of matter
a. Is it a pure substance?___________________________________________ If so
then is it an element or is it a compound?
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justify your answer

2) b. Is it a mixture?_____________________If so, then is it a heterogeneous
mixture or homogeneous
mixture?    Justify your
answer

c. Write down the criteria you used for the 
categorization_______________________

Station 2: Iron fillings and sulfur powder
After observing iron fillings and sulfur powder thoroughly, answer the following 

question.
1) Identify the category of matter

a. Is it a pure substance? If so
then is it an element or is it a compound?

justify your answer

2) b. Is it a mixture?_____________________If so, then is it a heterogeneous
mixture or homogeneous
mixture?__________________________________________________ Justify your
answer

c. Write down the criteria you used for the 
categorization______________________

Station 3: Aluminum foils
After observing aluminum foil sample thoroughly, answer the following question.

1) Identify the category of matter
a. Is it a pure substance? If so
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then is it an element or is it a compound?

justify your answer

If so, then is it a heterogeneous 

________  Justify your

c. Write down the criteria you used for the 
categorization_______________________

Station 4: Lucky charms
After observing lucky charms thoroughly, answer the following question.

1) Identify the category of matter
a. Is it a pure substance? If so
then is it an element or is it a compound?

justify your answer

2) b. Is it a mixture?_____________________If so, then is it a heterogeneous
mixture or homogeneous
mixture?__________________________________________________ Justify your
answer

c. Write down the criteria you used for the 
categorization _______

Station 5: Orange juice with pulp
After observing orange juice sample thoroughly, answer the following question.

2) b. Is it a mixture?_____
mixture or homogeneous
mixture? _
answer



190

1) Identify the category of matter
a. Is it a pure substance?______________
then is it an element or is it a compound?

If so

justify your answer

2) b. Is it a mixture?_____________________If so, then is it a heterogeneous
mixture or homogeneous
m i x t u r e ? ____________________________________________Justify your
answer

c. Write down the criteria you used for the 
categorization________________________

Station 6: Salt, sand, and water
After observing salt, sand, and water mixture thoroughly, answer the following question.

1) Identify the category of matter
a. Is it a pure substance? If so
then is it an element or is it a compound?

justify your answer

2) b. Is it a mixture?  ____________________If so, then is it a heterogeneous
mixture or homogeneous
mixture?__________________________________________________ Justify your
answer

c. Write down the criteria you used for the 
categorization_______________________
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Station 7: Reddi whip
After investing reddi whip sample thoroughly, answer the following question.

1) Identify the category of matter
a. Is it a pure substance? If so
then is it an element or is it a compound?

justify your answer

2) b. Is it a mixture? ___  If so, then is it a heterogeneous
mixture or homogeneous mixture?

3) Justify your 
answer

c. Write down the criteria you used for the 
categorization________________________

Station 8: Oil and vinegar salad dressing
After observing oil and vinegar salad dressing thoroughly, answer the following question.

1) Identify the category of matter
a. Is it a pure substance? If so
then is it an element or is it a compound?

justify your answer

2) b. Is it a mixture?_____________________If so, then is it a heterogeneous
mixture or homogeneous
mixture?__________________________________________________ Justify your
answer
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c. Write down the criteria you used for the 
categorization_______________________

Conclusion
1) Write two paragraphs (a paragraph contains five complete sentences) summary of 

what you have learned in class today.

Lesson Closure

To close the lesson, the teacher will briefly summarize the content covered in class. 
Remind students that, today’s lesson covered how matter is classified. Matter is classified 
in two major groups, pure substance (i.e., elements directly from the periodic table and 
compounds) and mixtures (i.e., a physical combination of two or more substance not 
chemically combine). Mixture can further be classified into homogeneous (same 
composition throughout) and heterogeneous (with different composition). Examples of 
pure substances include iron, sulfur, copper, and Iron Sulfide. Examples of mixtures 
include cool-aid, soda, whip-cream, a mixture of salt and water, and so forth. Lastly, 
students had the opportunity to investigate how matter is classified by completing the lab 
entitled “matter and its classification.”

Assessment

Various types of assessments employed throughout this lesson. One: student lesson 
outline is aimed at making sure that students do gather all the necessary and important 
information during the lesson. The student lesson outline handout will be graded for 
accuracy and completion. Students will be awarded a classwork grade for it. Two: the lab 
activity evaluated student ability to formulate testable hypothesis, conduct a scientific 
experiment following the scientific method, and writing clear and concise conclusion 
based on collected data. Three: students also completed the quiz below to assess their 
understanding of both chemical properties of matter and how matter is classified.

Day Five Quiz 
Chemical properties and Classification of matter 

Directions: Choose the correct answer from each question. Each question is worth 10 
points. Good luck!

1) A list of pure substances will include_______________
a) Bread dough
b) Vitamin C
c) Sea water
d) Tap water

2) One chemical property of matter is ______________
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a) Boiling point
b) Texture
c) Reactivity
d) Density

3) Physical means can be used to separate____________
a) Compounds
b) Pure Substances
c) Mixtures
d) Elements

4) Iron.
a) Compound
b) Homogeneous mixture
c) Heterogeneous mixture
d) Element

5) Which of the following is classified as a homogeneous 
mixture_________________
a) Piza
b) Hot tea
c) Blood
d) Copper wire

6) Mixtures are divided into two classes. What are they?
a) Compounds and substances
b) Heterogeneous and compounds
c) Homogeneous and heterogeneous
d) Homogeneous and elements

7) Another name for homogeneous mixture is _________
a) Mixture
b) Solution
c) Substance
d) Element

8) Metal solutions are commonly known a s___________
a) Solute
b) Solvent
c) Alloys
d) Compounds

9) Sand and water are an example of what type of mixture
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a) Homogeneous
b) Heterogeneous
c) Compounds
d) Pure Substances

10) True or False. All mixtures can be separated, whether homogeneous or 
heterogeneous________
a) True
b) False

Quiz One 
Day Two

Name Quiz # 1_____

1. Lighting is best classified a

a) Plasma
b) Gas
c) Solid
d) Liquid

2. When water freezes

a) a phase change occurs from a liquid phase to a solid phase
b) an exothermic process occurs where energy is lost from ice to the surroundings
c) the liquid water changes from a random structure to a crystalline solid
d) all of the above

2. Which statement is not true

a) depending upon the temperature, water can exist in solid, liquid or gas states
b) to change from a solid to a liquid requires energy
c) in a solid the molecules have no motion, and no energy.
d) solids and liquids have similar densities because particles of solids and liquids both

touch.

3. Bose- Einstein phase o f matter occurs closest to what temperature?

a) a boiling point of water
b) a freezing point of water
c) 10000 degrees F
d) absolute zero
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4. When ice melts

a) a phase change occurs from a solid phase to a liquid phase
b) an endothermic process occurs which requires energy
c) the water changes from a crystalline solid to a liquid
d) all of the above.

5. What it is called when a gas changes into a solid?
f. Freezing
g. Melting
h. Sublimation
i. Condensation 
j. Evaporation

6. Can take the shape of the container
f. Solid
g. Gas
h. Liquid
i. All of the above
j. Both gas and liquid

7. Has no definite shape and no definite volume
f. Matter
g. Solid
h. Liquid
i. Gas

8. Has a definite shape and a definite volume
f. Gas
g. Liquid
h. Solid
i. Matter

9. The amount of space something takes up.
a) Mass
b) Volume
c) density

10. Density is a measure of how much mass is contained in a given unit volume.
a) True
b) False

An Overview o f  the Second Week’s Lesson Plans 
Lesson Plans with a Read/Write Focus

Purpose:



196

This lesson plan consists of five 1.5-hour lessons. The plan has six main purposes:

5) To compare and contrast the atomic ideas of Democritus, Aristot le, and
Dalton.

6) To understand John Dalton’s contribution to the history of the atom.
7) To define an atom.
3) To understand the contributions of J.J. Thompson and Neil Bohr to the

history of the atom.
4) To describe the structure of the atom, including the locations of the 

subatomic particles.
5) To investigate twelve significant events in the history of the atom.

Overview of Content

The Early Greek Philosophers

Once a beginning student of chemistry has an understanding of what matter is, it’s 
physical and chemical properties, the states of which matter exists, phase change, how 
matter is classified and separated, it is time to start diving deeper into the atom and its 
structures. In this series of five lessons (A unit plan with read/write focus) I will 
introduce my students to the early ideas about matter (from philosophers such as 
Democritus who believed that matter was made up of tiny particles called atoms (atomos 
in Greek). However, Aristotle who was super famous at the time, did not believe that 
empty space existed. Because of this, Democtritus idea about atoms was discredited, 
sending science back almost 2000 years. The much earlier Greek philosophers believed 
that matter was made up of earth, water, air, and fire. While these early ideas were 
fascinating, there was no method available at the time to test their validity.

Dalton’s Atomic Theory

The work done by John Dalton, a school teacher in England in the early 1900s marked 
the beginning of the modem atomic theory. Dalton revived and revised Democritus ideas 
based on the results of his scientific research on chemical reactions. The results of 
Dalton’s work is known as Dalton’s Atomic Theory. Dalton’s atomic theory proposed 
that:

• Matter is composed of extremely small particles called atoms.
• Atoms are indivisible and indestructible.
• Atoms of a given element are identical in size, mass, and chemical properties.
• Atoms of a specific element are different from those of another element.
• Different atoms combine in simple whole-number ratios to form compounds.
• In a chemical reaction, atoms are separated, combined, or rearranged.

Some Problems with Dalton’s Postulates: They were not all correct.
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Four of the six postulates that Dalton’s atomic theory put forth are still valid today. 
However, not all of Dalton’s theory was accurate. Advance in scientific research and 
technology have caused Dalton’s atomic theory to be revised as additional information 
was about atom was learned that could not be explained by the theory. Dalton’s two 
postulates, 1) atoms are indivisible and indestructible, and 2) all atoms of a given element 
are identical in shape, size, mass, and chemical properties, were wrong. In fact, atoms are 
divisible into subatomic particles (protons, electrons, and neutrons). In addition, atoms of 
the same element have been found to have slightly different masses.

The Atom

Scientists have proven through many experiments that atoms do exist. An instrument 
called the scanning tunneling microscope (STM) allows individual atoms to be seen. 
Currently, it is possible to move individual atoms around to form shapes, patterns, and 
even to build simple machine. This is made possible by the new and exciting field of 
science called nanotechnology. The promise of nanotechnology is in molecular 
manufacturing industry. Molecular manufacturing is the building of machines the size of 
a molecule using individual atoms. Quite exciting, isn’t it?

After confirming the existence of atoms, many questions arose among scientists. 
Questions such as, what is an atom like? is the composition of an atom uniform 
throughout, or is it composed of still-smaller particles? Some of these questions were 
answered in the early 1900s due in large to the invention of the cathode ray tube. 
Scientists such as Sir William Crookes (who discovered the cathode rays, a stream of 
negatively charged particles we now call electrons), J. J. Thomson (who discovered the 
existence of particles smaller than an atom, he identified the first subatomic particle 
called electron and received a noble prize for his discovery, Thomson also proposed the J. 
J. Thomson’s Plum Pudding Model of the atom), physicist Robert Millikan (determined 
the charge of an electron using the oil-drop experiment), Rutherford (discovered the 
nucleus, and the proton through his gold foil experiment), and James Chadwick (who 
discovered neutron, he received a noble prize for his discovery) paved the way for the 
development of the modem atomic theory. In the modem atomic theory, scientists believe 
that atoms are composed of a nucleus containing protons and neutrons, and surrounded 
by a cloud of electrons.

How Atoms are different?

The English scientist Henry Moseley discovered that each atoms of each element 
contained a unique positive charge in their nuclei. The number of protons in an atom 
identifies it as an atom of a particular element. Thus, the number of protons in an atom is 
referred to as the atomic number. The periodic table is organized left-to-right and top-to- 
bottom by increasing atomic number. For example, hydrogen (H) is the first element in 
the periodic table has one proton in its nucleus and thus, it has atomic number 1. The next
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element to the right of hydrogen is helium (He). It has two protons in its nucleus and 
thus, it has an atomic number of 2 .1 think you get the picture. This trend continues for 
lithium (Li) with atomic number 3, followed by beryllium (BE), with atomic number 4 
and so forth and forth.

All atoms are neutral which means the number of protons (positively charged) and 
electrons (negatively charged) are equal. This Tenderers correct that once you know the 
number of protons in the nucleus of an atom (the atomic number), you will have already 
known the number of electrons that element contains. For example, an atom of beryllium 
(Be), atomic number 4, contains four protons and four electrons.

Formula

Atomic number = number of protons 
= number of electrons

Isotopes and Mass Number

Dalton was correct about many things about the atom, however, he was incorrect about 
atoms being indivisible and that all atoms of an element are identical. It is true that all 
atoms (neutral) of an element have the same number of protons and electrons, but the 
number of neutrons may differ. For example there are two types of copper atoms th at 
occur naturally. All two types of copper contain 29 protons and 29 electrons. However, 
one type of copper contain 34 neutrons and another 36 neutrons. Atoms with the same 
numbers of protons but different numbers of neutrons are referred to as isotopes. Each 
isotope of an element is identified with a number called mass number. In spite of these 
differences, isotopes of an atom have the same chemical behavior. Chemical behavior is 
determined only by the number of electrons an atom has. The atomic mass of an element, 
however, is the weighted average of all the masses of all its naturally occurring isotopes. 
For example, Boron (B) has two naturally occurring isotopes: Boron-10 (abundance = 
19.8% and mass = 10.013 amu) and Boron-11 (abundance = 80.2% and mass = 11.009 
amu). To calculate the atomic mass of Boron we will use the formula below.

Atomic number = (mass x percent abundance of one isotope) + (mass x percent 
abundance of one isotope)

Thus, Atomic number of Boron = 10.013 amu x 19.8% + 11.009 amu x 80.2%

= 1.98 amu + 8.83 amu

= 10.81 amu

Formulas
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Mass Number = atomic number + number of neutrons.

Mass number of an atom is the sum of its atomic number and its number of neutrons

Atomic number = (mass x percent abundance of one isotope) + (mass x percent 
 abundance of another isotope)_____________ __

Nuclear Radiation

Under certain conditions, some nuclei can emit alpha, beta, and gamma radiation. 
Radioactive atoms emit radiation because their nuclei are unstable. Unstable systems, 
whether they are atoms, planets, and/or people doing handstands, gain stability by losing 
energy. Radioactive decay is the term used to describe a spontaneous process whereby 
unstable nuclei lose energy by emitting radiation. Unstable atoms undergo radioactive 
decay until they form stable atoms, often of a different element. The same way a person 
doing a handstand must come back to his/her feet’s to regain stability, an atom can lose 
energy and reach a stable state when emitting radiation.

Types of Radiation

In the late 1800s, scientists began researching the effect of electric fields on radiation. 
When radiation from a radioactive source was passed between two electrically charged 
plates, scientists were able to identify three types of radiation based on their electrical 
charge. The radiation were either deflected towards the negative plate, the positive plate, 
or not deflected at all. Scientists named the radiations as alpha radiation (deflected 
towards the negative plate), Beta radiation (deflected towards the positive charged plate), 
and Gamma radiation (not deflected by electric or magnetic field).

In the first lesson, students will be introduced to the early Greek philosopher’s view of 
the atom. We will start by exploring the work of Democritus. Democritus believed that 
matter was made up of tiny particles called atoms (atomos in Greek). He argued that 
atoms were indivisible and can travel through empty space. However, Aristotle who 
famous at the time, did not believe that empty space existed. Because of Aristotle’s 
famousness at the time, Democritus ideas regarding atoms were discredited and rejected. 
To introduce these contrasting ideas to my students: First, students will creatively be 
grouped into three groups (the Democritus group, the Aristotle group, and the Air, water, 
Earth, and Fire group). Each group will be given an informational hands-outs (both are 
included in day one lesson plan) with detailed biographical information about the early 
Greek philosophers ideas regarding atoms. Second, in each group, students will be asked 
to read and re-write these biographies into their notes books (lesson summary included in 
day one lesson). At the end of the period students from each group will be given five 
minutes to share what they had learned with the rest of the class. The instructor will then 
sum up all the three early ideas about atoms by the early Greek philosophers. Since this is



200

the first day, an introduction to early Greek philosopher’s ideas regarding the atom., thus, 
the main assessment for the day will be completion of the lesson outline and student 
presentations.

In the second lesson, students will explore the History of the Atomic Theory. Students 
will be asked go back to the groups created on Monday. Each group will have not more 
than four students. Then, students will be given lesson guidelines and a computer laptop 
with internet access. Students in each group will be given biographies of scientists such 
as Sir William Crookes (who discovered the cathode rays, a stream of negatively charged 
particles we now call electrons), J. J. Thomson (who discovered the existence of particles 
smaller than an atom, he identified the first subatomic particle called electron and 
received a noble prize for his discovery, Thomson also proposed the J. J. Thomson's 
Plum Pudding Model of the atom), physicist Robert Millikan (determined the charge of 
an electron using the oil-drop experiment), Rutherford (discovered the nucleus, and the 
proton through his gold foil experiment), and James Chadwick (who discovered neutron, 
he received a noble prize for his discovery) paved the way for the development of the 
modem atomic theory. Students will use the scientists’ biographies to complete lesson 
outlines.

At the end of the period, each group will share with the class what they learned from their 
scientist. In addition, since this is day two of the unit lesson plans, students will complete 
a 10 multiple choice questions quiz (paper and pencil) to assess what student have 
learned and understood in the first two days (the quiz questions are attached with day two 
lesson plan).

In the third and fourth lesson, students will start a two day project. While doing the 
project, students will investigate the history of the atom and construct a timeline of the 
top 12 events in the history (including at least 4 African American, female or other 
minority scientist) of the atom ranging from the earliest time to our present day. Students 
will be asked to find the 12 most significant events in the atom history and to explain 
why they selected those events over the others. For each entry (event) students will 
provide 1) the date, 2) a brief summary of the event (2-3 paragraphs), 3) reason for 
selecting this event over others, and 4) a pictorial depiction (a picture of the scientist’s 
contribution). As a group, students will gather information of the 12 events. In addition, 
since this is day three of the unit lesson plans, students will complete a 10 multiple choice 
questions quiz (paper and pencil) to assess what student have learned and understood in 
the first three days (the quiz questions are attached with day three lesson plan). 
Furthermore, students’ progress on the project will be assessed by showing the 
information collected (the 12 events).

In the fourth lesson, student will use the information collected on day one of the project 
(yesterday) to create a 12 events timeline of the development of the atomic theory. They 
can create their timelines in chart papers or organize their timelines anyway they like. At, 
the end of the period each group will show the teacher their final product (a timeline of



201

the history of the atom). The rubric for the timeline and presentation are included v/ith 
day (3 &4) lesson plans. Students will also be assessed by completing a 10 questions 
quiz. The quiz questions are attached on the day four lesson plan.

In the fifth lesson (day five), students will presented their atomic history timelines to the 
class. The rubric for the history of the atom timeline presentation and posters are included 
in lesson five.

Week 2: Day One Lesson Plan
Read/Write Focus Lesson The History of the Atom: The Early Greek Philosophers 

Objectives
At the end of the lesson student will be able to

21) Identify the major contributions of Democritus, Aristotle, and earlier Greek 
philosopher in the history of the atom.

22) State and explain why Democritus’s ideas of the atom were sidelined for almost 
2000 years.

Materials
• 25 copies of Greek philosopher’s contributions to the history of atom.
• 25 copies of lesson outlines to be filled with the Greek philosophers’ information. 

Georgia Science Standards Covered

SCI - Students will analyze the nature of matter and its history.
SC3 - Students will use the modem atomic theory to explain the characteristics of atoms.

Concept and Skills 
Use scientific tools
Record investigations clearly and accurately.
Summarizing.
Presentation.
Key Concepts of the Lesson 

The Early Greek Philosophers

Once a beginning student of chemistry has an understanding of what matter is, it’s 
physical and chemical properties, the states of which matter exists, phase change, how 
matter is classified and separated, it is time to start diving deeper into the atom and its 
structures. In this series of five lessons (A unit plan with read/write focus) I will 
introduce my students to the early ideas about matter (from philosophers such as 
Democritus who believed that matter was made up of tiny particles called atoms (atomos 
in Greek). However, Aristotle who was super famous at the time, did not believe that 
empty space existed. Because of this, Democtritus idea about atoms was discredited, 
sending science back almost 2000 years. The much earlier Greek philosophers believed
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that matter was made up of earth, water, air, and fire. While these early ideas were
fascinating, there was no method available at the time to test their validity.

Steps of the Lesson Plan:

1) Begin the lesson by saying today will be studying the early history of the atom and 
the contributions of several Greek philosophers to this history. Each group will be 
provided with a Greek philosophers’ biography. You are to read and summarize their 
contributions to the history of the atoms in your notes notebook. Once, you are done 
summarizing, as a group, you will create a presentation containing the most 
significant contribution of your scientists to the history of the atom.

2) Explain to students that science concepts are a result of so many people’s 
contributions. The history of the atom and the development of the atomic theory 
demonstrate this. Many people were involved in developing the scientific facts that 
lead to the modem atomic theory as we currently know it. This week we will revisit 
this history and create a timeline of the 12 most significant events in the development 
of the atomic theory.

3) Explain to students that today you will look at three early Greek philosophers’ 
ideas and contributions to the history of the atom. The philosophers you will be 
investigating are Democritus, Aristotle, and earlier ideas regarding matter and the 
atom. Please, summarize the information provided to complete the lesson outlines and 
create a five slides presentation for your scientist. In the slide include a brief 
biography of the scientist, two significant contributions to the history o f the atom, and 
relevant information regarding the scientist.

Student Lesson
Outline Name________________________________

Class_________________________________

Date_________________________________

The History of the Atom 
Day one: Lesson Outline

I. Who was Democritus?
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II. List his three contribution to the history of the atom and justify your answers.

1.

2 .

3.

III. What two other information you would like to share about this Greek philosopher?

VII. Write a brief summary with examples detailing what you learned today. Did you 
learn anything new? If yes, how did that change your previous understanding of 
matter and its physical properties?
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23) Explain to students that for the rest of the period, they will be presenting to the 
class information they gathered regarding their Greek philosopher.

Creative Grouping.

Students will be grouped into six groups each with five students. To group students, I will 
create 30 pieces of paper (2 by 4 inches each). The 30 pieces of paper will be grouped 
into six groups each containing five pieces of paper. In each of the five pieces of paper I 
will write a word related to the topic we are studying. The words will be: History of the 
Atom, John Dalton, J. J. Thompson, Neil Bohr, and Atomic Theory. The 30 pieces of 
papers will be thoroughly mixed in a bowl. Once students arrive in the class. Students 
will be asked to sit down in a big circle. The teacher will ask student to each pick a strip 
of paper (without opening the paper). Once, each student has picked a piece of paper. The 
teacher will ask the students to stand up and come together forming a compacted group. 
They will have to be very close to each other. In the big group, students will be asked to 
start moving in a mill worm formation making grunting noises representative of their 
assigned word. Once each student has found members of their group (for example, all 
students with the word matter will form one group, all students will the word 
classification will form the second group and so forth). Once students have formed their 
groups they will be asked to go back to their designated tables in the class. Each of the 
six big science tables in the class will labeled with the words History of the atom, John 
Dalton, J. J. Thompson, Neil Bohr, and Atomic Theory. Then, one member from each 
group will be asked to come to the material table to collect their assigned biography and 
lesson outlines.

24) In their groups, students should read and summarize the information regarding 
their philosopher. As students are completing the activity (below), the teacher will 
walk around providing guidance to each group.

Lesson Closure

To close the lesson, the teacher will briefly summarize the content covered in class.
Remind students that, todays’ lesson covered three early Greek ideas about the 
atom. The contributions of these Greek philosophers to the history of the atom.
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Each group was responsible for summarizing information regarding their 
philosopher’s life and contributions to the history of the atom.

Assessment
Various types of assessments employed throughout this lesson. One: student lesson 

outline is aimed at making sure that students do gather all the necessary and 
important information during the lesson. The student lesson outline form will be 
graded for accuracy and completion and students will awarded a classwork grade 
for it. Two: students created a 5-6 slides power point presentation and presented 
the philosophers’ life and contribution to the histoiy of the atom

Week 2: Day Two Lesson Plan 
Read/Write Focus Lesson The History of the Atom

Objectives
At the end of the lesson student will be able to

25) Identify the major contributions of John Dalton, J.J. Thompson, and Neil Bohr to 
the development of the atomic theory.

26) State and explain Dalton’s Atomic Theory and its flaws.

Materials
• 25 copies of scientist’s contributions to the history of atomic theory.
• 25 copies of charts (to be filled with scientists’ information).
• 25 copies of charts and presentations rubrics.

Georgia Science Standards Covered

SCI - Students will analyze the nature of matter and its classifications.

SC3 - Students will use the modem atomic theory to explain the characteristics of atoms.

Concept and Skills 
Use scientific tools
Record investigations clearly and accurately 
Key Concepts of the Lesson

The Early Greek Philosophers

Once a beginning student of chemistry has an understanding of what matter is, it’s 
physical and chemical properties, the states of which matter exists, phase change, how 
matter is classified and separated, it is time to start diving deeper into the atom and its 
structures. In this series of five lessons (A unit plan with read/write focus) I will 
introduce my students to the early ideas about matter (from philosophers such as 
Democritus who believed that matter was made up of tiny particles called atoms (atomos
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in Greek), which move through empty space. Democritus also believed that atoms are 
solid, homogeneous, indestructible, and indivisible.. However, Aristotle who was super 
famous at the time, did not believe that empty space existed. Because of this, Democtritus 
idea about atoms was discredited, sending science back almost 2000 years. The much 
earlier Greek philosophers believed that matter was made up of earth, water, air, and fire. 
While these early ideas were fascinating, there was no method available at the time to test 
their validity.

Dalton’s Atomic Theory

The work done by John Dalton, a school teacher in England in the early 1900s marked 
the beginning of the modem atomic theory. Dalton revived and revised Democritus ideas 
based on the results of his scientific research on chemical reactions. The results of 
Dalton’s work is known as Dalton’s Atomic Theory. Dalton’s atomic theory proposed 
that:

• Matter is composed of extremely small particles called atoms.
• Atoms are indivisible and indestructible.
• Atoms of a given element are identical in size, mass, and chemical properties.
• Atoms of a specific element are different from those of another element.
• Different atoms combine in simple whole-number ratios to form compounds.
• In a chemical reaction, atoms are separated, combined, or rearranged.

Some Problems with Dalton’s Postulates: They were not all correct.

Four of the six postulates that Dalton’s atomic theory put forth are still valid today. 
However, not all of Dalton’s theory was accurate. Advance in scientific research and 
technology have caused Dalton’s atomic theory to be revised as additional information 
was about atom was learned that could not be explained by the theory. Dalton’s two 
postulates, 1) atoms are indivisible and indestructible, and 2) all atoms of a given element 
are identical in shape, size, mass, and chemical properties, were wrong. In fact, atoms are 
divisible into subatomic particles (protons, electrons, and neutrons). In addition, atoms of 
the same element have been found to have slightly different masses.

Steps of the Lesson Plan:

1) Begin the lesson by saying today will be studying the history of the atom and the 
contributions of several scientists to this history. Each group will be provided w ith a 
scientists’ biography. You are to read and summarize their contributions to the history 
of the atoms in your notes notebook. Once, you are done summarizing, as a group, 
you will create a presentation containing the most significant contribution of your 
scientists to the history of the atom.
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2) Explain to students that science concepts are a result of so many people’s 
contributions. The history of the atom and the development of the atomic theory 
demonstrate this. Many people were involved in developing the scientific facts that 
lead to the modem atomic theory as we currently know it. This week we will revisit 
this history and create a timeline of the 12 most significant events in the development 
of the atomic theory.

3) Explain to students that today you will look at three scientists’ contributions to the 
history of the atom. These scientists are John Dalton, J. Thompson, and Neil Bohr. 
Please, summarize the information provided to complete the lesson outlines and 
create a five slides presentation for your scientist. In the slide include a brief 
biography of the scientist, two significant contributions to the history of the atom, and 
relevant information regarding the scientist.

Student Lesson
Outline Name________________________________

Class_________________________________

Date_________________________________

The History of the Atom 
Day Two: Lesson Outline

I. Who was John Dalton?

II. List his three contribution to the history of the atom and justify your answers.

3.
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III. What two other information you would like to share about the scientist?

VII. Write a brief summary with examples detailing what you learned today. Did you 
learn anything new? If yes, how did that change your previous understanding of 
matter and its physical properties?

27) Explain to students that for the rest of the period, they will be presenting to the 
class information they gathered regarding their scientist.

Creative Grouping.

Students will be grouped into six groups each with five students. To group 
students, I will create 30 pieces of paper (2 by 4 inches each). The 30 pieces of 
paper will be grouped into six groups each containing five pieces of paper. In 
each of the five pieces of paper I will write a word related to the topic we are 
studying. The words will be: History of the Atom, John Dalton, J. J. Thompson,
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Neil Bohr, and Atomic Theory. The 30 pieces of papers will be thoroughly mixed 
in a bowl. Once students arrive in the class. Students will be asked to sit down in 
a big circle. The teacher will ask student to each pick a strip of paper (without 
opening the paper). Once, each student has picked a piece of paper. The teacher 
will ask the students to stand up and come together forming a compacted group. 
They will have to be very close to each other. In the big group, students will be 
asked to start moving in a mill worm formation making grunting noises 
representative of their assigned word. Once each student has found members of 
their group (for example, all students with the word matter will form one group, 
all students will the word classification will form the second group and so forth). 
Once students have formed their groups they will be asked to go back to their 
designated tables in the class. Each of the six big science tables in the class will 
labeled with the words History of the atom, John Dalton, J. J. Thompson, Neil 
Bohr, and Atomic Theory. Then, one member from each group will be asked to 
come to the material table to collect their assigned biography and lesson outlines.

28) In their groups, students should read and summarize the information regarding 
their scientist. In addition, students will summarize chapter 4in the chemistry 
book entitled “Chemistry: Matter and Change”. As students are completing the 
activity (below), the teacher will walk around providing guidance to each group.

Lesson Closure

To close the lesson, the teacher will briefly summarize the content covered in class. 
Remind students that, todays’ lesson covered three scientists and their contributions to 
the history of the atom. Each group was responsible for summarizing information 
regarding their scientist’s life and contributions to the history of the atom.

Assessment
Various types of assessments employed throughout this lesson. One: student lesson 
outline is aimed at making sure that students do gather all the necessary and important 
information during the lesson. The student lesson outline form will be graded for 
accuracy and completion and students will awarded a classwork grade for it. Two: 
students created a 5-6 slides power point presentation and presented the scientist’s life 
and contribution to the history of the atom. In addition, students completed a 5 questions 
quiz.

Quiz #1
1. Contrast the methods used by the Greek philosophers and Dalton to study the 

atom?

2. Define atom using your own words.
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3. Summarize Dalton’s atomic theory.

4. Explain how Dalton’s atomic theory and the conservation of mass are related?

5. Design a concept map to compare and contrast the atomic ideas of Democritus 
and John Dalton.

Week 2: Day Three Lesson Plan
Read/Write Focus Lesson Research and Info Collection

The History of the Atom:
Objectives
At the end of the lesson student will be able to

29) Identify the twelve major events in the history of the atom.
30) Create and present a scientific timeline poster to classmates.

Materials
• 25 laptops with access to the internet.
• 25 chart papers.
• A box of different color markers.
•  Tape
• Glue

Georgia Science Standards Covered

SCI - Students will analyze the nature of matter and its history.
SC3- Students will use the modem atomic theory to explain the characteristics of atoms.

Concept and Skills 
Use scientific tools
Record investigations clearly and accurately.
Summarizing.
Presentation.

Key Concepts of the Lesson 
The Atom

Scientists have proven through many experiments that atoms do exist. An instrument 
called the scanning tunneling microscope (STM) allows individual atoms to be seen. 
Currently, it is possible to move individual atoms around to form shapes, patterns, and 
even to build simple machine. This is made possible by the new and exciting field of 
science called nanotechnology. The promise of nanotechnology is in molecular 
manufacturing industry. Molecular manufacturing is the building of machines the size of 
a molecule using individual atoms. Quite exciting, isn’t it?

After confirming the existence of atoms, many questions arose among scientists. 
Questions such as, what is an atom like? is the composition of an atom uniform
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throughout, or is it composed of still-smaller particles? Some of these questions were 
answered in the early 1900s due in large to the invention of the cathode ray tube. 
Scientists such as Sir William Crookes (who discovered the cathode rays, a stream of 
negatively charged particles we now call electrons), J. J. Thomson (who discovered the 
existence of particles smaller than an atom, he identified the first subatomic particle 
called electron and received a noble prize for his discovery, Thomson also proposed the J. 
J. Thomson’s Plum Pudding Model of the atom), physicist Robert Millikan (determined 
the charge of an electron using the oil-drop experiment), Rutherford (discovered the 
nucleus, and the proton through his gold foil experiment), and James Chadwick (who 
discovered neutron, he received a noble prize for his discovery) paved the way for the 
development of the modem atomic theory. In the modem atomic theory, scientists believe 
that atoms are composed of a nucleus containing protons and neutrons, and surrounded 
by a cloud of electrons.

How Atoms are different?

The English scientist Henry Moseley discovered that each atoms of each element 
contained a unique positive charge in their nuclei. The number of protons in an atom 
identifies it as an atom of a particular element. Thus, the number of protons in an atom is 
referred to as the atomic number. The periodic table is organized left-to-right and top-to- 
bottom by increasing atomic number. For example, hydrogen (H) is the first element in 
the periodic table has one proton in its nucleus and thus, it has atomic number 1. The next 
element to the right of hydrogen is helium (He). It has two protons in its nucleus and 
thus, it has an atomic number of 2 .1 think you get the picture. This trend continues for 
lithium (Li) with atomic number 3, followed by beryllium (BE), with atomic number 4 
and so forth and forth.

All atoms are neutral which means the number of protons (positively charged) and 
electrons (negatively charged) are equal. This Tenderers correct that once you know the 
number of protons in the nucleus of an atom (the atomic number), you will have already 
known the number of electrons that element contains. For example, an atom of beryllium 
(Be), atomic number 4, contains four protons and four electrons.

Formula

Atomic number = number of protons 
= number of electrons

Isotopes and Mass Number

Dalton was correct about many things about the atom, however, he was incorrect about 
atoms being indivisible and that all atoms of an element are identical. It is true that all 
atoms (neutral) of an element have the same number of protons and electrons, but the 
number of neutrons may differ. For example there are two types o f copper atoms that
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occur naturally. All two types of copper contain 29 protons and 29 electrons. However, 
one type of copper contain 34 neutrons and another 36 neutrons. Atoms with the same 
numbers of protons but different numbers of neutrons are referred to as isotopes. Each 
isotope of an element is identified with a number called mass number. In spite of these 
differences, isotopes of an atom have the same chemical behavior. Chemical behavior is 
determined only by the number of electrons an atom has. The atomic mass of an element, 
however, is the weighted average of all the masses of all its naturally occurring isotopes. 
For example, Boron (B) has two naturally occurring isotopes: Boron-10 (abundance = 
19.8% and mass = 10.013 amu) and Boron-11 (abundance = 80.2% and mass = 11.009 
amu). To calculate the atomic mass of Boron we will use the formula below.

Atomic number = (mass x percent abundance of one isotope) + (mass x percent 
abundance of one isotope)

Thus, Atomic number of Boron = 10.013 amu x 19.8% + 11.009 amu x 80.2%

= 1.98 amu + 8.83 amu 

= 10.81 amu

Formulas

Mass Number = atomic number + number of neutrons.

Mass number of an atom is the sum of its atomic number and its number of neutrons

Atomic number = (mass x percent abundance of one isotope) + (mass x percent 
 abundance of another isotope)_______________________________________

Nuclear Radiation

Under certain conditions, some nuclei can emit alpha, beta, and gamma radiation. 
Radioactive atoms emit radiation because their nuclei are unstable. Unstable systems, 
whether they are atoms, planets, and/or people doing handstands, gain stability by losing 
energy. Radioactive decay is the term used to describe a spontaneous process whereby 
unstable nuclei lose energy by emitting radiation. Unstable atoms undergo radioactive 
decay until they form stable atoms, often of a different element. The same way a person 
doing a handstand must come back to his/her feet’s to regain stability, an atom can lose 
energy and reach a stable state when emitting radiation.

Steps of the Lesson Plan:
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1) Begin the lesson by saying today you will investigate twelve most significant 
events to the history of the atom that lead to the development of the atomic theory. 
Each group will be provided with a copy of the project handout (below), a laptop with 
WIFI connection, different colored markers, poster papers, glue, and tape. As a group, 
you are to investigate twelve significant events in the history of the atom. For each 
entry, provide the date of the event, a brief summary of the event (3-4 paragraphs), 
the reason why you chose the event, and pictorial presentation of the event.

In your timeline include at least four African American Scientists, one female scientist, 
one other minority scientist, and the rest are Caucasians scientists.

3) Explain to students that today you will just gather the information. Tomorrow, 
when you have all the events summarized, you will create a historical timeline of the 
events as it relates to the history of the atom. Once you are done with the timeline, 
you will also create a presentation for Friday. The project hand out, rubric, and 
presentation rubric are attached below.

Scientist_________________________________________ Date_____________________

Atom Time Line

You are to investigate the history of the atom and construct a timeline of the top 12 
events in the history (include at least 4 African American, one female, one other minority 
scientists and the rest are Caucasians) of the atom ranging from its earliest time to our 
current day. Your assignment is to find the most significant 12 events in atom history and 
explain why you selected those 12 entries. For each entry, provide 1) the date, 2) a brief 
summary of the event, 3) reason for selecting this event over others, 4) a pictorial 
depiction.

Due Date____________________  No Late Projects Will be accepted

Note: This timeline can be created using charts or you may create your own organization 
format. No PowerPoints are accepted.

Atom " imeline Rubric
Absent Good Excellent
0 3 5 Total
-More than 2 -1-2 of the -Pictorial

elemen elemen depicti
ts are ts is on
missin missin -Date of the
g g event
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event # 
1

Group Presentation Rubric- Timeline
Group Members

Beginning
1

Developing
3

Exemplary
5

Content is relevant
Word

pronunciati 
on of 
scientific 
content

More than 3
mistakes

1-3 mistakes No mistakes

12 events
presented

3-4 events missing 1 -2 events missing All events covered

Subject
Knowledge

Students have 
little
informatio 
n of the 
knowledge 
and
continuous 
ly read.

Students are at 
easy with 
informatio 
n,
however, 
reads a 
small 
portion.

Students
demonstrat 
e full
knowledge
by
discussing
events
without
reading.

Group
participatio
n

More than two 
members 
were 
absent 
and/or did 
not
participate.

One member was 
absent 
and/or did 
not
participate.

All group
members
participate
d.

Creativity Not Creative Interesting,
however,
not
original
design.

Presentation is 
one of a 
kind.
Imaginativ 
e design.

Total Points
Point Received / 30
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31) In their groups, students should gather events for their project. As students are 
completing the project, the teacher will walk around providing guidance to each 
group.

Lesson Closure

To close the lesson, the teacher will briefly summarize the content covered in class. 
Remind students that, todays’ lesson asked them to investigate 12 events in the history of 
the atom. Each group was responsible for summarizing information to create the 12 
events for their atom time line project.

Assessment
Various types of assessments employed throughout this lesson. One: student must show 
the teacher what they gathered. Two: students completed a 10 questions quiz related to 
the information gathered.

Quiz #2

1. The cathode ray consists of
a) Proton
b) Neutrons
c) Electrons
d) Gamma rays

2. The electron was discovered by
a) Thomson
b) Faraday
c) Millikan
d) Rutherford

3. Who discovered radioactivity
a) Curie
b) Rutherford
c) Thomson
d) Becquerel

4. Rutherford called the core of the atom the
a) Neutron
b) Proton
c) nucleus
d) electron
e)
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5. Which of the following is not one of the three fundamental particles that m;ikeup 
atoms?
a) Electron
b) Proton
c) Neutron
d) Alpha particle

6. Which of the following particles is normally found outside the nucleus of the 
atom?
a) Electron
b) Proton
c) Neutron
d) Alpha particle

7. Atomic number of an atom is defined as its
a) Mass in amu
b) Number of electrons
c) Number of neutrons
d) Number of protons

8. What is the charge of an alpha particle?
a) 2+
b) 1+
c) 1-
d) 0

9. The fact that carbon dioxide always contains 73 percent by mass is an illustration 
of
a) The ideas of Democritus
b) The law of conservation of matter
c) The law of constant composition
d) Dalton’s atomic theory of matter

10. Scientist who measured the charge of the electron was
a) Thomson
b) Faraday
c) Millikan
d) Rutherford

Week 2: Day Three and Four Lesson Plan
Read/Write Focus Lesson Putting It All Up Together

The History of the Atom:
Objectives
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At the end of the lesson student will be able to

32) Identify the twelve major events in the history of the atom.
33) Create and present a scientific timeline poster to classmates.

Materials

• 25 laptops with access to the internet.
• 25 chart papers.
• A box of different color markers.
• Tape
• Glue

Georgia Science Standards Covered

SCI - Students will analyze the nature of matter and its history.
SC3- Students will use the modem atomic theory to explain the characteristics of atoms. 

Concept and Skills 

Use scientific tools

Record investigations clearly and accurately.

Summarizing.

Presentation.

Key Concepts of the Lesson 

The Atom

Scientists have proven through many experiments that atoms do exist. An instrument 
called the scanning tunneling microscope (STM) allows individual atoms to be seen. 
Currently, it is possible to move individual atoms around to form shapes, patterns, and 
even to build simple machine. This is made possible by the new and exciting field of 
science called nanotechnology. The promise of nanotechnology is in molecular 
manufacturing industry. Molecular manufacturing is the building of machines the size of 
a molecule using individual atoms. Quite exciting, isn’t it?

After confirming the existence of atoms, many questions arose among scientists. 
Questions such as, what is an atom like? is the composition of an atom uniform
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throughout, or is it composed of still-smaller particles? Some of these questions were 
answered in the early 1900s due in large to the invention of the cathode ray tube. 
Scientists such as Sir William Crookes (who discovered the cathode rays, a stream of 
negatively charged particles we now call electrons), J. J. Thomson (who discovered the 
existence of particles smaller than an atom, he identified the first subatomic particle 
called electron and received a noble prize for his discovery, Thomson also proposed the J. 
J. Thomson’s Plum Pudding Model of the atom), physicist Robert Millikan (determined 
the charge of an electron using the oil-drop experiment), Rutherford (discovered the 
nucleus, and the proton through his gold foil experiment), and James Chadwick (who 
discovered neutron, he received a noble prize for his discovery) paved the way for the 
development of the modem atomic theory. In the modem atomic theory, scientists believe 
that atoms are composed of a nucleus containing protons and neutrons, and surrounded 
by a cloud of electrons.

How Atoms are different?

The English scientist Henry Moseley discovered that each atoms of each element 
contained a unique positive charge in their nuclei. The number of protons in an atom 
identifies it as an atom of a particular element. Thus, the number of protons in an atom is 
referred to as the atomic number. The periodic table is organized left-to-right and top-to- 
bottom by increasing atomic number. For example, hydrogen (H) is the first element in 
the periodic table has one proton in its nucleus and thus, it has atomic number 1. The next 
element to the right of hydrogen is helium (He). It has two protons in its nucleus and 
thus, it has an atomic number of 2 .1 think you get the picture. This trend continues for 
lithium (Li) with atomic number 3, followed by beryllium (BE), with atomic number 4 
and so forth and forth.

All atoms are neutral which means the number of protons (positively charged) and 
electrons (negatively charged) are equal. This Tenderers correct that once you know the 
number of protons in the nucleus of an atom (the atomic number), you will have already 
known the number of electrons that element contains. For example, an atom of beryllium 
(Be), atomic number 4, contains four protons and four electrons.

Formula

Atomic number = number of protons 
= number of electrons

Isotopes and Mass Number

Dalton was correct about many things about the atom, however, he was incorrect about 
atoms being indivisible and that all atoms of an element are identical. It is true that all 
atoms (neutral) of an element have the same number of protons and electrons, but the 
number of neutrons may differ. For example there are two types of copper atoms that
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occur naturally. All two types of copper contain 29 protons and 29 electrons. However, 
one type of copper contain 34 neutrons and another 36 neutrons. Atoms with the same 
numbers of protons but different numbers of neutrons are referred to as isotopes. Each 
isotope of an element is identified with a number called mass number. In spite of these 
differences, isotopes of an atom have the same chemical behavior. Chemical behavior is 
determined only by the number of electrons an atom has. The atomic mass of an element, 
however, is the weighted average of all the masses of all its naturally occurring isotopes. 
For example, Boron (B) has two naturally occurring isotopes: Boron-10 (abundance = 
19.8% and mass =10.013 amu) and Boron-11 (abundance = 80.2% and mass = 11.009 
amu). To calculate the atomic mass of Boron we will use the formula below.

Atomic number = (mass x percent abundance of one isotope) + (mass x percent 
abundance of one isotope)

Thus, Atomic number of Boron = 10.013 amu x 19.8% + 11.009 amu x 80.2%

= 1.98 amu + 8.83 amu 

= 10.81 amu

Formulas

Mass Number = atomic number + number of neutrons.

Mass number of an atom is the sum of its atomic number and its number of neutrons

Atomic number = (mass x percent abundance of one isotope) + (mass x percent 
______ abundance of another isotope)__________________________________________

Nuclear Radiation

Under certain conditions, some nuclei can emit alpha, beta, and gamma radiation. 
Radioactive atoms emit radiation because their nuclei are unstable. Unstable systems, 
whether they are atoms, planets, and/or people doing handstands, gain stability by losing 
energy. Radioactive decay is the term used to describe a spontaneous process whereby 
unstable nuclei lose energy by emitting radiation. Unstable atoms undergo radioactive 
decay until they form stable atoms, often of a different element. The same way a person 
doing a handstand must come back to his/her feet’s to regain stability, an atom can lose 
energy and reach a stable state when emitting radiation.

Steps of the Lesson Plan:
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1) Begin the lesson by saying today you will investigate twelve most significant 
events to the history of the atom that lead to the development of the atomic theory. 
Each group will be provided with a copy of the project handout (below), a laptop with 
WIFI connection, different colored markers, poster papers, glue, and tape. As a group, 
you are to investigate twelve significant events in the history of the atom. For each 
entry, provide the date of the event, a brief summary of the event (3-4 paragrap hs), 
the reason why you chose the event, and pictorial presentation of the event.

In your timeline include at least four African American Scientists, one female scientist, 
one other minority scientist, and the rest are Caucasians scientists.

3) Explain to students that today you will just gather the information. Tomorrow, 
when you have all the events summarized, you will create a historical timeline of the 
events as it relates to the history of the atom. Once you are done with the timeline, 
you will also create a presentation for Friday. The project hand out, rubric, and 
presentation rubric are attached below.

Scientist Date

Atom Time Line

You are to investigate the history of the atom and construct a timeline of the top 12 
events in the history (include at least 4 African American, one female, one other minority 
scientists and the rest are Caucasians) of the atom ranging from its earliest time to our 
current day. Your assignment is to find the most significant 12 events in atom history and 
explain why you selected those 12 entries. For each entry, provide 1) the date, 2) a brief 
summary of the event, 3) reason for selecting this event over others, 4) a pictorial 
depiction.

Due Date____________________  No Late Projects Will be accepted

Note: This timeline can be created using charts or you may create your own organization 
format. No PowerPoints are accepted.

Atom rImeline Rubric
Absent Good Excellent
0 3 5 Total
-More than 2 -1-2 of the -Pictorial

elemen elemen depicti
ts are ts is on



222

missin
g

missin
g

-Date of the 
event

-Brief
summa
ry

-Reason for
selectin
g

(all elements 
are
provide
d).

Timeline
event # 
1

Timeline
event # 
1

Timeline
event # 
1

Timeline
event # 
1

Timeline
event # 
1

Timeline
event # 
1

Timeline
event # 
1

Timeline
event # 
1

Timeline
event # 
1

Timeline
event # 
1

Timeline
event #



223

1
Timeline

event # 
1

Group Presentation Rubric- Timeline
Group Members

Beginning
1

Developing
3
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5

Content is relevant
Word

pronunciati 
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d.
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not
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Total Points
Point Received / 30

34) In their groups, students should gather events for their project. As students Eire 
completing the project, the teacher will walk around providing guidance to each 
group.

Lesson Closure

To close the lesson, the teacher will briefly summarize the content covered in class. 
Remind students that, todays’ lesson asked them to investigate 12 events in the history of 
the atom. Each group was responsible for summarizing information to create the 12 
events for their atom time line project.

Assessment
Various types of assessments employed throughout this lesson. One: student must show 
the teacher what they gathered. Two: students completed a 5 questions quiz related to the 
information gathered.

Quiz # 3

1. Who originally proposed the concept that matter is composed of tiny, indivisible 
particles?

2. Whose work is credited with being the beginning of atomic theory and why?

3. Was Democritus’s proposal of the existence of atoms based on scientific methods 
or ideas? Defend your answer.



225

4. What was Aristotle’s objection to the atomic theory?

5. Explain why atoms are electrically neutral?

Week 2: Day Three, Four, and Five Lesson Plan 
Read/Write Focus Lesson— Presentations Day

The History of the Atom:
Objectives
At the end of the lesson student will be able to

35) Identity the twelve major events in the history of the atom.
36) Create and present a scientific timeline poster to classmates.
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Materials
• 25 laptops with access to the internet.
• 25 chart papers.
• A box of different color markers.
• Tape
• Glue

Georgia Science Standards Covered

SCI - Students will analyze the nature of matter and its history.
SC3- Students will use the modem atomic theory to explain the characteristics of atoms.

Concept and Skills 
Use scientific tools
Record investigations clearly and accurately.
Summarizing.
Presentation.

Key Concepts of the Lesson 
The Atom

Scientists have proven through many experiments that atoms do exist. An instrument 
called the scanning tunneling microscope (STM) allows individual atoms to be seen. 
Currently, it is possible to move individual atoms around to form shapes, patterns, and 
even to build simple machine. This is made possible by the new and exciting field of 
science called nanotechnology. The promise of nanotechnology is in molecular 
manufacturing industry. Molecular manufacturing is the building of machines the size of 
a molecule using individual atoms. Quite exciting, isn’t it?

After confirming the existence of atoms, many questions arose among scientists. 
Questions such as, what is an atom like? is the composition of an atom uniform 
throughout, or is it composed of still-smaller particles? Some of these questions were 
answered in the early 1900s due in large to the invention of the cathode ray tube. 
Scientists such as Sir William Crookes (who discovered the cathode rays, a stream of 
negatively charged particles we now call electrons), J. J. Thomson (who discovered the 
existence of particles smaller than an atom, he identified the first subatomic particle 
called electron and received a noble prize for his discovery, Thomson also proposed the J. 
J. Thomson’s Plum Pudding Model of the atom), physicist Robert Millikan (determined 
the charge of an electron using the oil-drop experiment), Rutherford (discovered the: 
nucleus, and the proton through his gold foil experiment), and James Chadwick (who 
discovered neutron, he received a noble prize for his discovery) paved the way for the 
development of the modem atomic theory. In the modem atomic theory, scientists believe 
that atoms are composed of a nucleus containing protons and neutrons, and surrounded 
by a cloud of electrons.
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How Atoms are different?

The English scientist Henry Moseley discovered that each atoms of each element 
contained a unique positive charge in their nuclei. The number of protons in an atom 
identifies it as an atom of a particular element. Thus, the number of protons in an atom is 
referred to as the atomic number. The periodic table is organized left-to-right and top-to- 
bottom by increasing atomic number. For example, hydrogen (H) is the first element in 
the periodic table has one proton in its nucleus and thus, it has atomic number 1. The next 
element to the right of hydrogen is helium (He). It has two protons in its nucleus and 
thus, it has an atomic number of 2 .1 think you get the picture. This trend continues for 
lithium (Li) with atomic number 3, followed by beryllium (BE), with atomic number 4 
and so forth and forth.

All atoms are neutral which means the number of protons (positively charged) and 
electrons (negatively charged) are equal. This Tenderers correct that once you know the 
number of protons in the nucleus of an atom (the atomic number), you will have already 
known the number of electrons that element contains. For example, an atom of beryllium 
(Be), atomic number 4, contains four protons and four electrons.

Formula

Atomic number = number of protons 
= number of electrons

Isotopes and Mass Number

Dalton was correct about many things about the atom, however, he was incorrect about 
atoms being indivisible and that all atoms of an element are identical. It is true 
that all atoms (neutral) of an element have the same number of protons and 
electrons, but the number of neutrons may differ. For example there are two types 
of copper atoms that occur naturally. All two types of copper contain 29 protons 
and 29 electrons. However, one type of copper contain 34 neutrons and another 
36 neutrons. Atoms with the same numbers of protons but different numbers of 
neutrons are referred to as isotopes. Each isotope of an element is identified with 
a number called mass number. In spite of these differences, isotopes of an atom 
have the same chemical behavior. Chemical behavior is determined only by the 
number of electrons an atom has. The atomic mass of an element, however, is the 
weighted average of all the masses of all its naturally occurring isotopes. For 
example, Boron (B) has two naturally occurring isotopes: Boron-10 (abundcince = 
19.8% and mass =10.013 amu) and Boron-11 (abundance = 80.2% and mass =
11.009 amu). To calculate the atomic mass of Boron we will use the formula 
below.
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Atomic number = (mass x percent abundance of one isotope) + (mass x percent 
abundance of one isotope)

Thus, Atomic number of Boron = 10.013 amu x 19.8% + 11.009 amu x 80.2%

= 1.98 amu + 8.83 amu

= 10.81 amu

Formulas

Mass Number = atomic number + number of neutrons.

Mass number of an atom is the sum of its atomic number and its number of neutrons

Atomic number = (mass x percent abundance of one isotope) + (mass x percent
abundance of another isotope)______________________________________

Nuclear Radiation

Under certain conditions, some nuclei can emit alpha, beta, and gamma radiation. 
Radioactive atoms emit radiation because their nuclei are unstable. Unstable 
systems, whether they are atoms, planets, and/or people doing handstands, gain 
stability by losing energy. Radioactive decay is the term used to describe a 
spontaneous process whereby unstable nuclei lose energy by emitting radiation. 
Unstable atoms undergo radioactive decay until they form stable atoms, often of a 
different element. The same way a person doing a handstand must come back to 
his/her feet’s to regain stability, an atom can lose energy and reach a stable state 
when emitting radiation.

Steps of the Lesson Plan:

1) Begin the lesson by saying today you will investigate twelve most significant 
events to the history of the atom that lead to the development of the atomic theoiy. 
Each group will be provided with a copy of the project handout (below), a laptop with 
WIFI connection, different colored markers, poster papers, glue, and tape. As a group, 
you are to investigate twelve significant events in the history of the atom. For each 
entry, provide the date of the event, a brief summary of the event (3-4 paragraphs), 
the reason why you chose the event, and pictorial presentation of the event.

In your timeline include at least four African American Scientists, one female scientist, 
one other minority scientist, and the rest are Caucasians scientists.
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3) Explain to students that today you will just gather the information. Tomorrow, 
when you have all the events summarized, you will create a historical timeline of the 
events as it relates to the history of the atom. Once you are done with the timeline, 
you will also create a presentation for Friday. The project hand out, rubric, and 
presentation rubric are attached below.

Scientist_________________________________________Date______________________

Atom Time Line

You are to investigate the history of the atom and construct a timeline of the top 12
events in the history (include at least 4 African American, one female, one other 
minority scientists and the rest are Caucasians) of the atom ranging from its 
earliest time to our current day. Your assignment is to find the most significant 12 
events in atom history and explain why you selected those 12 entries. For each 
entry, provide 1) the date, 2) a brief summary of the event, 3) reason for selecting 
this event over others, 4) a pictorial depiction.

Due Date_____________________  No Late Projects Will be accepted

Note: This timeline can be created using charts or you may create your own organization 
format. No PowerPoints are accepted.

Atom Imeline Rubric
Absent Good Excellent
0 3 5 Total
-More than 2 -1-2 of the -Pictorial

elemen elemen depicti
ts are ts is on
missin missin -Date of the
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Point Received / 30

37) In their groups, students should gather events for their project. As students are 
completing the project, the teacher will walk around providing guidance to each 
group.

Lesson Closure

To close the lesson, the teacher will briefly summarize the content covered in class.
Remind students that, todays’ lesson asked them to investigate 12 events in the 
history of the atom. Each group was responsible for summarizing information to 
create the 12 events for their atom time line project.

Assessment
Various types of assessments employed throughout this lesson. One: student must show 
the teacher what they gathered. Two: students completed a 10 questions quiz related to 
the information gathered. Three, students’ presentations.


