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The idea of student engagement has come to the forefront of the United States 

educational system over the past decade. Student engagement requires learners to be 

actively involved in all stages of the learning process. This study focuses on the use of 

online quizzes in the chemistry classroom as a means to help students become more 

engaged in their learning outside of the classroom. Students were given three different 

types of online quizzes over the course of a chemistry chapter. Student scores on end of 

the chapter examinations was used to determine whether there was a significant 

difference in the amount of learning that occurred when a student took each of the three 

types of online quizzes. 

Students in a private parochial high school chemistry class completed online 

quizzes over the course of a semester. The quizzes were taken after completing assigned 

readings from the chemistry text. After each reading, a third of the students took online 

multiple-choice quizzes, a third took a paragraph quiz, and a third took no quiz. Scores 

received from end of chapter tests were evaluated to determine if the impact each of the 

quiz types had on the learning. 

All statistical analysis was done using SPSS using two-way split plot ANOVA 

with condition (paragraph, multiple-choice, nothing) as the within subject factor and 

group (A, B, C) as between subject factor. The data indicates that there was no 

significance within the condition F (1.877, 90.087) =.996, p>.05. or the interaction 

results. F (3.754, 90.087) =.509, p>.05. The data indicated that the effect of group was 

not significant either. F (2, 48) =.981, p>.05. 

Interviews undertaken to explain this outcome discovered that students did not 

become engaged with the content until the night before each test. When they did so, they 

used a teacher-provided study guide as their primary learning tool. 
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Chapter 1 

Introduction 

Context 

 The idea of student engagement has come to the forefront of the United States 

educational system over the past decade. Student engagement requires learners to be 

actively involved in all stages of the learning process. The learner takes responsibility for 

his or her learning rather than remaining passive and waiting for the teacher to pour 

knowledge into his or her brain.  

This type of learning creates a new role for the teacher. Instead of lecturer the 

instructor becomes the coach. Teachers that are driven by the need to engage their 

students become less content driven and more focused on teaching students how to gather 

information that assists in the ability to solve problems (Phillips, 2005). Quality 

engagement also leads to an increased ability to analyze, synthesize, and evaluate new 

material (Austin & Mescia, 2004). 

In contrast to active learning techniques that engage students, the traditional 

lecture format involves passive learning. Passive learning occurs when teachers do the 

majority of the work. Learners may or may not be motivated to become engaged in what 

is being taught. Passive learning is seen when students watch videos or DVDôs without 

direction, or when students are simply told to read a text and receive no further guidance 

in text analysis. In passive learning, higher level thinking skills are less developed which 

results in students learning the material at a lower level of learning (Phillips, 2005). 
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At the same time new student engagement strategies were coming into practice, 

technology integration was becoming an important factor in the United States. Parents 

and students no longer believe technology is an optional tool for teachers to use. Instead, 

technology use has become an expectation of both parents and students. Web-based 

courses began appearing in high schools and colleges around the country and text book 

companies offer online assessments as part of their textbook packages. Teachers began 

developing their own web sites and posting their own project and assignment 

information. 

Purpose of the Study 

As teachers continue to look for new ways to increase student learning and 

student engagement, one continual buzzword is the use of technology. Parents ask 

teachers how they will use technology to prepare their children. As noted earlier, 

textbook sales persons emphasize the integration of technology and more specifically the 

use of online assessment in their textbook packages.  This study focuses on the use of 

online quizzes in the chemistry classroom as a means to help students become more 

engaged in their learning outside of the classroom. Students were given three different 

types of online quizzes over the course of a chemistry chapter. Student achievement on 

end of the chapter examinations was used to determine whether there was a significant 

difference in the amount of learning that occurred when a student took each of the three 

types of online quizzes. 

Research Questions 

 In this study the following questions were considered: 
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R1. Do students who take online multiple-choice quizzes during the 

course of the unit score higher on end of chapter exams than students who 

do not take these quizzes? 

R2. Do students who take paragraph quizzes during the course of the unit 

score higher on end of chapter exams than students who did not take these 

quizzes? 

R3. Do students who take paragraph quizzes during the course of the unit 

score higher on end of chapter exams than students who take multiple-

choice quizzes? 

Significance 

 Many chemistry teachers are faced with the growing demand to incorporate new 

technologies in their instructional repertoires. Some teachers are adept at the newest 

probe ware technologies while others cling to the more traditional forms of data 

gathering. In a similar vein, many teachers look at online assessments simply as time 

saving measures while others continue to assess in the same format that they were 

assessed. This study considered quizzes as a means to increase student engagement. It 

examined the effectiveness of the quizzes by measuring the increased overall learning of 

the chemistry concepts. In order for the online quizzes to increase learning, the students 

needed to become actively involved with the material.  

If  the use of the quizzes is seen to increase learning, then teachers should view the 

quizzes as a method of instruction that should be added to their teacher toolkit. If there is 

no difference between students who do use the quizzes and those who do not, then the 

quizzes can be seen as an optional tool that teachers may include in their toolbox. This 
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would indicate that the online quizzes neither hurt nor help the students to learn new 

chemistry material. If students who take online quizzes learn less than those who do not 

take the quizzes, then the use of the quizzes can be seen as a marketing ploy meant 

simply to make life easier for instructors while decreasing the content mastery of 

students. Learning less when taking online quizzes would indicate a negative correlation 

between concept mastery and the online assessment quizzes. Purchasing the rights to the 

quizzes from the textbook company should not be considered a good practice. The 

integration of new formative assessment techniques needs to be considered, since student 

achievement is a key factor for successful teaching and learning. 

In the following literature review, the researcher identified the fact that the use of 

online quizzes does not significantly improve student achievement at the collegiate level. 

This being the case, one may ask why another online study should be completed. There 

are several areas of significance for this study. 

It is important to note that nearly all of the studies reviewed occurred in the 

collegiate setting. No high school chemistry studies that examined high school online 

quizzes were found. In fact, there has been limited research published about the use of 

online quizzes outside of the college environment. College faculty have the advantage of 

software programs like WEB CT, which make using online quizzes more feasible. This 

fact alone explains why most studies of online quizzes are completed in college classes. 

However, one study of elementary math students demonstrated a significant difference 

when online methods are used. The difference in age and setting is one significant reason 

why this study was completed. 
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The difference in learning environment is another reason this study was 

undertaken. Typically, students attend college classes 3 each week with the expectation 

that the student is responsible for a great deal of reading outside of class. Content is also 

covered at a much quicker pace in college chemistry. Quizzes in college classrooms 

occur less frequently as well. 

This study deals with high school students who meet daily with the instructor. 

Outside reading is much less and content is covered at a slower pace. At least one quiz 

was taken each week. The varied setting and pace differs dramatically so it was possible 

that the quizzes could have a different impact.   

This study also includes follow up interviews that question the students about 

their study habits and use of the online quizzes. Many of the collegiate online quiz studies 

contain survey information about student attitude towards the quizzes. They also ask 

students to give their opinion of how the quizzes helped them learn. In this study, 

students are not asked about their feelings. Instead, they are asked about their study habits 

and how the online quizzes helped them prepare for the tests. In other words, they are 

asked to explain how engaged they were when they took the quizzes. They are also asked 

why they felt the quizzes were not effective. These are questions which typically have not 

been considered in past studies. 

Another difference between collegiate and high school settings exists in terms of 

textbook adoption. Adoption of textbooks at the high school level occurs school district 

wide. Teachers are not allowed to choose their own text as college professors are. 

Districts that are influenced by outside pressures to include new technologies in their 

curriculum may be quick to purchase science texts that include online quizzes. 
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Researching the impact the quizzes have on learning would shed more light on the 

importance of an online quiz component in the text adoption process. 
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Chapter 2 

Review of Literature  

Introduction 

 There are several important concepts to consider as the idea of online assessment 

is discussed. This first section of this review will look at the relationship between student 

engagement and active learning. These two concepts are crucial to the learning process. 

Building an understanding of these concepts should allow the readers to identify whether 

or not the online quiz environment agrees with these ideas. The second section of the 

literature review focuses on self-generation of answers on quizzes. When students self-

generate answers, they are actively engaged with the material.  

 Methods of feedback are considered in the third section of the literature review. 

Results of online studies without feedback are compared to studies where immediate 

feedback was provided. Age differences are also considered in the feedback section. 

Studies are reviewed from the elementary, middle level, and collegiate level with most 

coming from the collegiate setting. 

 The final section of the literature review examines the online quiz environment. 

Methods for using online quizzes vary drastically. Some instructors award credit for 

completing the online quizzes, while others do not. Some quizzes are taken to 

demonstrate content mastery and others are taken simply as review of the major course 

ideas. 

Student Engagement and Active Learning 

Increasing student engagement with the class concepts has become increasingly 

important in all forms of instruction. Lockyer, Patterson, and Harper (2001) believed, 
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ñWhatever the method of delivery, student engagement with the material is of paramount 

importanceò (Laurillard in Lockyer et al., 2001). 

According to Bowen (2005), student engagement can be considered a four stage 

concept. He thought that initially, educators must get students actively involved with the 

learning process. Once students became active, they must be guided into directly 

experiencing something new. Bowenôs third stage of student engagement required 

students to become involved in the learning experience so that the students see the 

importance of what they are learning. In the final stage, Bowen felt that the student 

connects what he or she has learned with their life.  

Bowen (2005) continued by noting that teachers must use learning strategies like 

cooperative learning, continuous feedback, and writing across the curriculum to more 

actively engage their students. He felt teachers must also encourage students to examine, 

analyze, and evaluate what they are learning. In the field of science, this can occur in the 

laboratory setting as students consider the lab process and the data gathered. Finally, 

students begin to see the connections across the curricular areas. In science, this occurs as 

students balance ethical issues with scientific fact.   

Breslow (1999) defined active learning as guided activity. He said that active 

learning required students to do something significant in class. Instead of sitting and 

listening, students should be doing. Breslow believed that if students were doing 

something their brains were more engaged and more substantial learning occurred. 

Fink (2006) provided one model for active learning. His model assumed that, as 

the learner completed any learning activity, the student was involved in active 

conversations with self or with others. Fink speculated that this self dialogue occurred as 
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students reflected on their learning. The reflection included thinking about what they 

were learning, how they were learning, and how their learning connected to their lives. 

Fink concluded that students reviewed what they had heard and asked themselves if what 

they were hearing made sense. The dialogue students had with others included listening 

to teachers, reading a text, and small group discussions (Fink, 2006). 

Finkôs model also emphasized that the two main activities students completed in 

the learning process were observing and doing.  In the science classroom, students 

observed the instruction provided by their teachers and peers. Science students also 

became involved with lab work and other instructional activities that involved them in 

actually doing science (Fink, 2006). 

Finkôs (2006) model also had applications for the online learning environment. He 

held that online learningôs strengths were in promoting self dialogue. As students 

reviewed online reading or quiz materials, they questioned what they were reading and 

tried to apply learning strategies to the new concepts. The model also assumed that online 

learningôs weaknesses were in the ability of students to do or observe experiences. 

Although lab simulations were available online, actual lab work was not present in this 

form. 

Michael (2001) believed that the most common form of instruction is teacher 

lecturing. He believed that more emphasis should be placed on active learning where 

students were ñtalking the subject.ò This meant the students were explaining and 

justifying their answers to each other as well as explaining ideas to the instructor. 

Increased activity was seen as students interacted with one another. In many classrooms 

teachers shared information with students through the lecture technique. This type of 
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information sharing was referred to as passive learning. Students did little while the 

teacher did the majority of the work. Michaelôs research project looked at varied forms of 

active learning which reversed the roles of passivity and placed the responsibility of 

learning on the shoulders of the student.  

According to Brooks, Schraw, and Crippen (2005), a learner who had limited 

learning engagement would sit in a lecture and take notes. A more actively engaged 

student discussed what the lecturer was saying with a peer. A third form of active 

learning occurred when a listener self questioned what he or she was hearing from the 

lecturer. In terms of a reading assignment, similar types of active learning can be defined. 

Some students simply read the text and placed most of their emphasis on bolded terms. A 

more engaged reader discussed their reading with peers, while another reader analyzed 

the text alone and questioned what was written. 

In Brooks et alôs. (2005) research study, it was assumed that completing the 

quizzes encouraged some level of active learning as students completed the reading 

assignments and answered online quiz questions.  Throughout the course of the study, 

students took one of three types of quiz: They took multiple-choice quizzes that provided 

instant feedback; they completed paragraph quizzes; or they took no quiz at all. As 

students completed the quizzes, they were asked to self-generate their responses based on 

outside of class readings.  

Schraw and Brooks (n.d.) referred to self regulation as the studentsô ability to 

understand and control their learning. They believed that students learned to self-generate 

using motivational and learning strategies. However, students must understand that their 

strengths were limited by their ability to use their metacognitive skills to selectively 
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identify which learning strategy was best in a given situation. Teaching strategies that 

enhanced self regulation were seen as a way to increase student learning (Schraw & 

Brooks, n.d.).  The researcher hoped that studying the varied forms of quizzes would 

identify strategies that would enhance self-regulation and learning. 

Self-generated Answers 

In order to create a better system of learning, Metcalfe and Kornell (2007) 

researched using online quiz questions that required a student to self-generate their own 

answers. These researchers considered whether the use of the self generation of answers 

to questions helped students learn more. Initial findings from their study with both 

elementary and college students found that generating answers had no impact on 

learning. This was found to be in conflict with the findings of several other researchers 

(Slamenka & Graf, 1978; deWinstanley & Bork, 2004). After further examination of their 

results, they concluded that their control group was self-generating answers during the 

wait time they were allowed in the initial experiment. Further experimentation identified 

self generation as having a positive impact on student learning. 

Feedback 

Brooks et al. (2005) stated that if instruction was to be successful it generally 

included performance related feedback. Learners who were best at creating their own 

knowledge received some type of feedback based on their performance. Quite often this 

feedback came from an instructor. In the case of the present study, different levels of 

computer-based performance-related feedback occurred. 

Hwang and Arbaugh (2006) proposed that one of the keys to improving learning 

was to provide students feedback on their learning. They found that there were at least 
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three types of feedback avenues available to students. The traditional method of students 

asking questions in class was referred to as InAsk. They concluded that many students 

were intimidated in class and failed to ask questions to advance their learning. In terms of 

learning, these students remained passive. A second form of feedback identified was 

OutAsk. This feedback occurred when students sought instructor help outside of the 

regular class period. This form of feedback was similar to tutoring and was much more 

active than InAsk. The third form of feedback cited was OutCheck.  OutCheck occurred 

when students informally discussed instructional topics among themselves without the 

instructor present. This occurred in informal study sessions as students worked together 

to review course material (Hwang & Arbaugh, 2006). 

In Reimer and Moyerôs study (2005), third grade student achievement in math 

was examined. In their study, 19 third-grade students completed a two week unit on 

fractions using computer manipulatives as a guide. Results showed a significant 

improvement on post-test concept knowledge scores when compared to pre-test scores. 

The researchers attributed this improvement to immediate and specific feedback. This 

feedback was provided online and focused on correcting student errors. The computer 

feedback highlighted student errors and showed corrections to their mistakes. The 

corrections were identified and examples were shown which students could then model 

for future problems. The researchers also noted that the feedback helped teach the math 

concepts by using new math vocabulary in the context of the corrections. 

Nguyen, Hsieh, and Allenôs (2006) study of middle level mathematics found that 

drill and practice on the computer with immediate feedback caused students to gain 

interest in math. Their study of 78 seventh graders compared a three week web-based unit 
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with a traditional paper and pencil unit. Although no significant difference in 

achievement was seen, these middle level math students felt that they became better 

problem solvers as a result of the drill and practice. In Nguyenôs study, males tended to 

gain more confidence in math while females had stronger beliefs that the instant feedback 

helped them improve their problem solving.  

Zerr (2007) understood that teachers were working in changing times. He 

identified that the days of teachers lecturing while students listened were being replaced 

with a setting where teachers and students interacted together. He cited the need for a 

change from the traditional math teacher format where the teacher worked numerous 

examples on the board until the end of class. Zerrôs new method involved a brief time 

when the instructor provided an example followed by a time when students worked on 

problems in class. The student work time was followed by the teacher providing timely 

feedback on student work. This cycle continued with students generating work toward a 

correct solution. In this format, students attempted to solve a problem, received error 

instruction on where they went wrong and then were asked to complete similar problems 

again.   

A similar cycle was seen in Zerrôs study of the online environment. Online quiz 

programs asked students to complete a problem. If the student failed to answer correctly, 

immediate feedback was provided. This in turn was followed by another problem of the 

same type to complete. Zerrôs (2007) study used the above process for online homework 

in his college calculus students. The goal of the online homework system was to create a 

learning environment where the learners were actively engaged outside the classroom. 
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The unique elements of this system were the instantaneous feedback students received 

and the ability to complete similar problems after reviewing this feedback.   

Zerrôs system was contrasted to similar homework studies where answers were 

provided, but no further feedback occurred (Hauk & Segalla, 2005; Hirsch & Weibel, 

2003).  In situations where no feedback was provided, limited or no significance was seen 

between the scores of students who completed online assignments and those who 

completed in class homework. In Zerrôs work, students who were most engaged in the 

online trial-feedback-trial method were the most successful in the calculus class.  

In agreement with other researchers, Mavrikis & Maciocia (2003) identified 

immediate feedback as the strongest asset to computer based learning. They concluded 

that, although students could receive this type of feedback in the classroom, this was not 

possible once they left class. They stated that human tutors had limitations and would not 

always identify every studentôs misconceptions about a concept. They also noted that 

receiving homework feedback days after it was completed was not as motivating as the 

nearly instantaneous feedback provided by a computer. A studentôs focus on hand graded 

homework tended to be more on the grade and less on being actively engaged with their 

errors. 

Jacobs (2005) believed that the use of online assessments was an important aspect 

of learning new material. Jacobs stated that, when online multiple-choice quizzes were 

designed to provide immediate feedback, students were able to recognize and correct the 

errors made. Jacobs also said that getting answers correct increased student confidence in 

their content knowledge. When a format is used where students are asked to repeat 

missed items until mastery is achieved, students were encouraged to find the correct 



15 

 

 

answer and also reflected on why the answers they chose were wrong. A weakness 

Jacobs identified with online quizzes was the opportunity for students to simply guess the 

right answer. He found that a poor student with little motivation would simply guess at 

the right answer to complete the online quizzes rapidly.  

 Online Quizzes 

Research results for the effectiveness of online quizzes vary greatly. Numerous 

factors can play a role in learning. As factors change in the online quiz environment, 

results change. In the 1980ôs, several studies on the effect of note taking were studied. In 

one instance, Norton (1981) noted that there was a relationship between note taking and 

examination scores. With further research, Norton and Hartley (1986) discovered that 

better student performance on exams occurred when students took notes in class and 

enhanced them with notes taken from handouts and specific readings.  

With the growth and use of educational technology, many studies were conducted 

to compare technologyôs effect on learning compared to the traditional methods of 

classroom instruction (Lockyer, Patterson, and Harper, 2001). In a recent literature 

review conducted by Chumley-Jones, Dobbie, and Alford (2002), 206 studies of medical 

web-based learning were considered. Although web-based learning rated positively 

among health care students, a significant increase in academic performance was not 

evident. Twenty of the 206 studies measured the learning gains of students when they 

were involved in web-based learning strategies.  Although several studies showed 

knowledge gains, in studies where an experimental and a control group received identical 

content there was no significant difference in the gains made by those students involved 

with web-based learning compared to their counterparts who did not receive the web 
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learning. Web-based learning improved post test scores, but did not significantly 

outperform other traditional teaching methods.   

As a corollary to Metcalfeôs question about student self-generation of answers 

cited earlier in this review, Metcalfe et al. (2007) considered whether self-generating a 

wrong answer had a negative impact on the learning of the materials. The researchers 

were concerned that generating incorrect answers could negatively impact learning. 

Based on their research, they concluded that there was not a negative effect when a 

wrong answer was generated as long as correction and feedback was provided to the 

student.   

A third portion of the Metcalfe et al. (2007) study focused on feedback. In all 

cases, student learning was better when feedback was provided. As stated earlier, self-

generating correct or incorrect answers both improved learning when feedback was 

provided.  

Online quiz methods can be considered active learning if students were asked to 

self-generate answers to quiz questions.  Daniel and Broida (2004) considered the use of 

web-based quizzing as a means to improve summative examination performance in the 

university setting. They thought that instructors who gave numerous shorter quizzes in 

class improved studentôs overall scores on their college exams. However, this practice 

was seldom followed since multiple in-class quizzes greatly reduced the in class time that 

the instructor could use on instruction. With this in mind, the researchers began using 

short online quizzes that students took outside of class. Their initial research found that 

there was no significant difference on exam scores between the online quiz group and the 

group who did not take the short quizzes. With further investigation, they discovered that 
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the online quiz groups were ñcheatingò while taking the online quizzes. Daniel and 

Broida stated that cheating strategies included students sharing answers with one another, 

students looking up answers while taking the quiz, and students working in groups on the 

quizzes. The students were giving up the active learning piece. Few were thinking about 

what they were learning. Instead, they were taking the easy way out and completing the 

tests without thinking for themselves.   

In a follow up study, Daniel and Broida (2004) were able to reduce the cheating 

by assigning different questions randomly to the online participants. Results showed that, 

when the cheating was reduced, online quizzes significantly improved student 

performance on exams.  

  In her research, Sporer (2001) reported that frequent quizzing encouraged 

students to become more engaged with the course material. Sporer developed a NO-Fault 

quiz system that was meant to improve the overall scores of her students. Students were 

asked to complete short quizzes in class that were based on the weekôs learning. Correct 

answers on the quizzes were awarded extra credit points on the exams. Students who 

missed class or scored poorly on the quizzes were not punished. They simply did not 

receive bonus points. Sporer found that the students reviewed the weekôs material prior to 

the quizzes and made sure they were in class on the day of the quiz. Preparation for the 

quizzes was considered active learning since students were quizzing themselves in 

preparation.   

In contrast to Sporerôs success with frequent testing, Haberyan (2003) found no 

significant difference between students who took quizzes and those who did not. He 

administered quizzes to two sections of his General Biology class while two other 
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sections did not complete the quizzes. The quiz group felt the quizzes helped them study 

and believed they were helpful in preparing them for the examinations. However, this 

was not evident when class exams were evaluated.  

Huon, Spehar, Adam, and Rifkin (2007) compared the extent a student used 

course resources provided by the instructor to their overall performance in a college 

psychology course. They also considered the impact several different resources had on 

student learning. They asked the students to self -report how often they used the course 

text and course text supplements. They were also asked how often they used the course 

website which contained lecture notes, tutorials, practice quizzes, discussion forums, and 

simulations. Results of this questionnaire indicated that only 31% of the students used the 

text weekly while 35% of the students accessed the course website weekly.  Also of 

interest was the fact that only 11% of the students used the practice quizzes on a weekly 

basis.  

The researchers considered whether the use of certain resources had an impact on 

a studentôs overall performance in the class. In terms of text use, there was a significant 

positive relationship between text use and course grades. The more frequently the text 

was used, the higher the overall student grade. The reverse was true for the website use. 

The more often a student consulted the class website, the lower the studentôs grade. Huon 

et al. (2007) assumed that students appeared to be drawn less to resources designed to 

help them learn and more to those items which seemed to help them receive a good 

grade. Students appeared to focus on short term learning of what was going to be on the 

test rather than on long range concept building. The researchers also believed that the text 

was viewed by students as a reference or support item for the class.  
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In a study comparing the use of online quizzes by developmental students versus 

non developmental students, Brothen and Wambach (2006) found that online quizzes 

were beneficial to all students even though the developmental students were found to use 

the quizzes less effectively. The term developmental in their research referred to students 

who needed extra assistance in becoming successful in the college environment. They 

needed to be taught learning strategies that made them successful learners throughout the 

college experience.   

Brothen and Wambach (2006) cited the following as benefits of online quizzes for 

developmental students: ñFirst, students learn the information better and come to 

appreciate the value of feedback and review. Second, they get feedback about the 

effectiveness of their learning strategies and how to improve them.ò 

Inappropriate use of the online quizzes was also identified by these two 

researchers. They noted that some students took the quizzes before reading the text or 

simply skimmed the text in order to find the correct answers. Since the online quizzes 

were not timed, students took as long as needed to scan the reading and find the right 

answer to the quiz. To counteract this poor learning strategy, they began limiting the time 

students had to complete each test item on the quizzes. As a result, more students read the 

text prior to completing the quizzes (Brothen and Wambach, 2007). 

In a follow up study of student performance in a hybridized college psychology 

class, Brothen and Wambach (2007) required students in a developmental college 

psychology class to complete course practice quizzes online. The term hybridized 

referred to a class that included both face-to-face and online components. Brothen and 

Wambach questioned how students viewed the use of the required practice quizzes, 
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questioning whether students considered them to be an advantage for learning or just 

another class requirement. 

Brothen and Wambach (2007) identified the fact that there had been limited 

research on the learning that took place in courses that contained both face-to-face and 

online components. Their course contained both. Students were required to attend a 

Monday session for review and a Wednesday session for developmental writing. The 

remainder of the class was taught using a modified Keller Plan model that required 

students to complete self-paced lessons online. In their study, students were required to 

complete ten fill-in-the-blank and ten multiple-choice quiz items each week. Students 

practiced these quizzes during additional in class time if their grade was below a C- or 

outside of class if their grade was higher. As a result of these requirements, half of the 

students were allowed to work on the online quizzes outside of class.  

Results of Brothen and Wambachôs (2007) study showed that a third of the 

students never reached a high enough grade to be allowed to take the quizzes outside of 

class time. The motivation to work at home or outside of class was not great enough to 

encourage the students to earn a successful grade in class. Of the two thirds that did have 

permission to complete the quizzes at home, only a third actually did so. Half of the 

successful students chose to continue to complete the quizzes on campus during the 

additional study sessions. Those students who did complete work online outside of class 

performed better on exams. However, it is important to note that their scores were not 

significantly better. 

The implications of this study indicated that instructors who designed hybrid 

courses should provide varied opportunities for student learning. Students tended to be 
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motivated by different factors in the class. Some students were very much concerned with 

their ability to complete work outside of class while others were not concerned by this at 

all. 

Grimstad & Grabe (2004) questioned the findings of Brothen and Wambach 

(2007). In the Grimstad and Grabe study, 179 psychology students completed three 50-

item in-class exams during a semester long psychology class. 61 students completed 50 

or more online quiz items to prepare for the exams for the first quiz, while 73 and 60 

students completed 50 or more items to prepare for the second and third in class exams.  

Their findings showed that those students who completed 50 or more online quiz items 

prior to the exams scored significantly higher on the exams. Students who participated in 

at least 50 online quiz items performed better on the class exams than those who did not. 

Grimstad and Grabe (2004) felt that Brothen and Wambach awarded course 

points for quiz completion while they did not. They felt that Brothen and Wambachôs 

teaching choice led to different methods of completing the quizzes than their 

methodology. They felt that, when the motivation was to earn points contributing to the 

course grade, high achieving students quickly met this goal. Lower achievers repeated the 

same items over and over. They went on to say that students who knew less used their 

text as a way to get quick class points rather than as a way to learn. Grimstad and Grabe 

felt Brothen and Wambachôs design led to a negative correlation between items 

completed and test score success. They felt that, when the items were not computed as 

part of the class score, student had more motivation to practice more questions for a 

longer period of time. Voluntary quiz completion took the emphasis off of the quick fix 

and onto learning and concept mastery.  
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Shimazu (2005) explored the effectiveness of a 5-unit college-level Japanese class 

taught with and without online supplements. The instructor used a traditional text book in 

all classes. Students received five 50-minute class sessions per week in Japanese. The 

experimental online group also completed online quiz assignments outside of class.  All 

students were asked to complete the same course quizzes, midterm exam, and final exam.  

Surveys indicated that online experimental students spent 3.5 hours per week outside of 

class using the online format for review. The control students spent 3.7 hours per week 

reviewing their Japanese language skills by studying their notes and the textbook. 

Results of independent t tests showed that there was no significant difference 

between the two groups on 9 of the 10 class quizzes or on the final. Differences were 

seen on one of the quizzes and on the midterm exam. On these two items, students who 

used the traditional review format scored better than those who used the online format. 

Shimazu concluded that the dropout rate for online users was 12% compared to a dropout 

rate of 31% for traditional students. Shimazu indicated that those who remained in the 

traditional group were more of the high achievers while more students of all levels 

remained in the online format.  

Harter and Harter (2004) considered the use of online quizzes for students in their 

college economics students. Students were provided voluntary access to the course 

website which contained multiple-choice quiz items. After completing an item, students 

received a computer-generated response. If the student choice was correct, they received 

a response stating why they were correct. Questions answered incorrectly were followed 

by an in depth explanation of why their choice was not correct. After reading the 

explanation, students were given the opportunity to answer the question again. In this 
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study, student scores on the quizzes were not awarded course points. Positives of this 

format were round the clock access to course materials and explanations for why 

incorrect answers were incorrect. Statistical analysis showed that the use of the quizzes 

did not increase student performance on in-class economic exams or on the class final.  

In a study similar to this researcherôs, a large first year biology course at the 

University of Sydney was created using both on ground and online teaching methods.  

The on ground teaching methods were typical of most large introductory biology courses 

with instructors using lectures and lab work to convey class materials. Students were 

asked to complete weekly online multiple-choice quizzes that asked questions about the 

weekôs lab work and course content. Biology students preferred the online quiz format to 

the in class quiz format. They cited the immediate feedback, question format, and speed 

of completion as positives. Negatives included the questions level of difficulty and the 

ambiguity of the questions. They also felt taking the quizzes improved their performance 

in the class (Peat & Franklin, 2002). 

This literature review has focused on student engagement, feedback, and online 

quizzes. Based on the review, it appears that immediate feedback on online quizzes will 

create the most engaging environment for the learner. 
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Chapter III 

Methods 

 

Introduction  

 This chapter will provide the methodology of the study. Demographic information 

about the participants and the school setting will be delineated. An explanation of the 

dependent variables will be followed by a detailed explanation of the design and 

procedures taken to complete the study. Data analysis procedures will also be included. 

Participants 

The sample population for this study is all sophomores and juniors enrolled in a 

first year high school chemistry class. The study took place during the fall semester of the 

2007-2008 school year. The sample was limited to the students in the researcherôs 

chemistry classes who received parental consent. 53 students were enrolled in the 

instructorôs chemistry class. One student chose not to participate in the study. One other 

student was removed from the study due to a long illness and absence from school.  

Sophomores were 16 years old when class began in the fall or were nearing their 

sixteenth birthday by the end of first semester. The juniors were either 16 or 17 years of 

age. The sample contained 22 males, five were juniors and 17 were sophomores.  There 

were 29 females with 4 being juniors and 25 sophomores. All students were Caucasian, 

with most living in homes from the middle or upper class.  

Parent permission to access student GPA was not specifically requested, but the 

following chemistry requirements demonstrate the academic standing of the students in 

the study. Chemistry is a required course at this Midwestern school. Students take 
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chemistry in their sophomore or junior year. Sophomores who receive a grade of A or B 

in biology as a freshman are automatically registered for chemistry as a sophomore. 

Students receiving a C in biology must petition the instructor for permission to enroll in 

chemistry as a sophomore. There were two sophomores in the study who had Côs and 

were granted permission to take the chemistry class. The rest of the sophomores had a 

grade of B or better in biology the prior year. 

The juniors enrolled in the chemistry class were students who had earned a grade 

of a C or lower in biology as freshman. They took physical science their sophomore year 

and were then enrolled in chemistry as juniors. 

Permission to use the student data was obtained through informed consent from 

both parents and students. All students enrolled in the course were new to the world of 

chemistry. None had prior experience in a chemistry class. 

Setting 

The study was conducted in a private, parochial high school in the Midwest. The 

Midwestern school had an overall enrollment of 200 students in grades 9-12. The 

parochial school was located in a suburban section of a Midwestern city of 250,000 

people. 

Dependent Variables 

Several treatment conditions occurred in this study. Before the study began, students 

were randomly assigned to one of three groups. (A, B, or C) The students provided an 

email address which was recorded on the UNL website. As the email addresses were 

entered, the computer randomly placed the students in Group A, Group B, or Group C. 
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The computer assigned students in such a way that groups A, B, and C had nearly 

equivalent numbers. 

Throughout the entire semester, students were assigned chapter sections to be read 

outside of class. All students were assigned the same reading material. After reading a 

section from the text, students were instructed to log onto the UNL website. 

On the first screen of the website, students were asked to complete a brief online 

verification that he or she had read the assigned reading. Students who stated that they 

had not read the material were not given access to their online quiz. Instead, they were 

directed to read the section and return to complete their quiz. 

After the students verified that they had read the material, they were asked to rate 

how hard the reading was for them. They were also asked how well they felt they 

understood the material. 

After rating the reading, one third of the students were ñdoneò with their assessment 

for the reading section. A second third of the students were asked to complete an online 

multiple-choice quiz over the assigned chemistry reading. Students who took the 

multiple-choice quizzes received immediate computer-generated feedback on their quiz 

scores. The remaining third of the students were asked to complete an online paragraph 

quiz over the assigned chemistry text reading. Students taking the paragraph quizzes did 

not receive immediate feedback on their answers.  

Both the paragraph quiz answers and the multiple-choice quiz answers were read 

later by the instructor. In terms of homework grades for the quizzes, all students received 

five point completion grades for each quiz they completed online. If the quizzes were 

completed on time, they received the points for taking the quiz. 
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At the end of a chapter, student learning was measured using end of chapter 

examinations. Mastery of the first semester chemistry content was measured by 

examining student answers to individual chemistry test items. Students who scored well 

on the end of chapter tests were considered to have mastered the material. 

To compare the effect of the online quizzes to content mastery, individual test items 

were used that coincided with each section of the chapter readings. These test items were 

selected from textbook written assessments. 

In order to collect data on the effect of the different quizzes on the end of chapter 

tests, the number of items correct on each section of the test was calculated. If a student 

took a multiple choice quiz over section one and got three of six questions correct, he or 

she had a number correct score of 3/6 for section one multiple choice. The same method 

was followed for those students who took the paragraph quiz or no quiz. This procedure 

was repeated for each test and section of reading.  

At the end of the semester, a final percent score for each student was calculated for 

each treatment; multiple-choice quiz, short answer paragraph quiz, and no quiz. Every 

student in every group had three different end of semester percent scores. 

The study considered the relationship between the percentage of items correct and 

the type of quiz a student completed. The relationship between the number correct on the 

sections where a multiple-choice quiz was taken was compared to the sections where no 

quiz was taken. The relationship between the number correct on the sections where a 

multiple-choice quiz was taken was compared to the sections where the paragraph quiz 

was taken. The relationship between the number correct on the sections where a 

paragraph quiz was taken was compared to the sections where no quiz was taken. 
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Procedures 

Prior to the start of the study, several forms of permission were needed. Permission to 

conduct the study was received from the high school principal and executive director of 

the parochial school. Permission was also requested and received from 

Glencoe/McGraw-Hill to use their online quizzes in this research. (See Appendix C.) IRB 

forms were completed and IRB approval was obtained. (See Appendix D, E.) 

Approximately a month before school began, parents were notified that their child 

was invited to take part in a research study conducted by their childôs chemistry teacher. 

This information was provided to the parents at registration day in a packet of material 

distributed by staff other than the chemistry teacher. They were informed that at no time 

would their childôs test data be identifiable. They were also informed that refusal to 

participate would have no impact on their childôs chemistry grade. (See Appendix A) All 

but one of the enrolled chemistry students agreed to take part in the study. 

Prior to the start of school, the online website was created with the help of Dr. David 

Brooks and tested by Dr. Brooks and the chemistry instructor. Both Dr. Brooks and the 

instructor created log in names and passwords in the same way as the chemistry students. 

They also logged in and took a paragraph and multiple choice quiz. No log in errors were 

detected, but a few errors involving the paragraph quiz construction were identified and 

corrected. 

During the first week of class, the chemistry teacher explained the use of the online 

quizzes. The instructor told the students that the online quizzes would be treated as 

homework. As such, completion of the quizzes contributed to the overall homework 
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portion of the studentôs grade. The student who chose not to participate was provided an 

alternate written copy of the online quizzes. 

Next, the instructor verbally explained how to use the online quiz website. He 

explained how to log in, create a password, and proceed to the first screen that asked the 

students to verify they had read section one.  

Due to a lack of computer lab availability, students completed their first log in 

individually. This was done with the instructor or at home. Students who completed the 

log in process at home reported any problems to the instructor the following day.  

The first time the students logged in to the website, they used their email address as 

their password. As they logged in the first time, the computer randomly placed them into 

Group A, Group B, or Group C. Once they successfully reached the verification page, 

students were instructed to write down their log in name and password. After logging in, 

the studentôs identifying password was converted to an unidentifiable number to preserve 

anonymity. (See Figure 1 below.) 

  Figure1 Student Log In Page 

 

Chemistry Homework Access 

 

Enter your e-mail address: 

  

Enter your password: 
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Following the orientation, students were asked to read the first section of reading 

on their own. After they read the first section from the text, all students were directed to 

return to the first page of the UNL website. Once they were logged on to the website, 

they verified that they had read section one. (See Figure 2 below.) 

Figure 2 Student Reading Verification Page 

 

Dave is reading: 

Chemical Reactions: Reactions and Equations 

o I have NOT completed the reading, and will do so now. 

o I have completed and I'm ready to proceed. 

Submit 

 

 

Students who noted they had not read were denied further entry. They were 

instructed to complete the reading and then return to the website. (See Figure 3) 
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       Figure 3 Student Redirection Page 

 

Please Complete the reading of 

Chemical Reactions: Reactions and Equations 

now, and then return and log in again. 

Start over. 

 

 

Those who acknowledged that they had read the material were asked to rate how 

difficult the reading was and how well they understood the reading. (See Figure 4)  

 

 

 

 

 

 

 

 

 

 

 

 

 

http://dwb4.unl.edu/HW
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Figure 4 Student Rating Page 

 

Dave: Please Rate the Reading 

Chemical Reactions: Reactions and Equations 

Please rate how hard (how difficult) the material is to understand: 

o Not Rated Yet 

o Trivial 

o VERY easy 

o Easy 

o Average 

o Hard 

o VERY hard 

o TOO HARD to understand 

 

On a scale from 1 to 99, rank how confident you are that you understand this material 

AND can use it. 99 = VERY confident; 1 = not at all confident. 

 

 

Submit 

 

 

 

Once the students completed the rating process, two of the groups proceeded to their 

next task. The third group which was designated the no quiz group. This group was 

ñdoneò with their online assessment. 
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As noted, students taking the multiple choice or paragraph quiz were directed by the 

UNL computer program to their assigned quiz. A sample multiple choice quiz can be 

seen in Appendix G. A sample paragraph quiz can be seen in Figure 5 below. 

       Figure 5 Sample Paragraph Quiz 

 

Chemical Reactions: Reactions and Equations 

 

Write a Summary Paragraph or Two 
Describe the steps used to balance chemical equations. 

 

 
 

Throughout the semester, all students were assigned the same periodic readings in 

their chemistry text. At times, the instructor skipped a section of reading in a chapter. 

There were also two occasions where two chapters of the text were tested at the same 

time. All other parts of the chemistry course were identical for the sample. They 

completed the same lab activities and attended the same classroom lectures and 

discussions. 

Over the course of the semester, every attempt was made to ensure that each group 

took the same number of quizzes. For instance, every effort was made to ensure that 

Group A took 5 multiple-choice quizzes, 5 paragraph quizzes, and have 5 instances when 

no quiz is given. This was not possible since the number of sections of reading was not 

divisible by three. This meant that the number of quizzes varied by one. Group A took 12 

multiple-choice quizzes, 12 paragraph quizzes, and have 11 instances when no quiz is 

given. 
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At the end of each chapter, students completed a test based on the material in the 

chapter. The individual results for each of the test items were saved for later analysis. 

Answers to the test items were grouped based on the type of quiz taken. For instance, if 

students took a multiple-choice quiz over section 4.2, the test questions for section 4.2 

were grouped with all other sections where multiple-choice quizzes were completed. At 

the end of the study, a percentage correct score for each student and each type of quiz 

was computed. For example, student A had a percent score for multiple-choice quiz, 

paragraph quiz, and no quiz. The overall group results were analyzed using a split plot 

analysis. 

Since no significance between the test scores was seen, IRB approval was sought and 

received to conduct follow up interviews. (See Appendix F.) Parents were informed that 

follow up interviews would be conducted at the end of the semester. (See Appendix B.) 

Twenty parents agreed to allow their child to be interviewed. These follow up interviews 

were conducted with students at the end of the semester. 

Design 

At the end of each section of reading, students took reading quizzes. They rotated 

through the quizzes so that they took at least one multiple-choice quiz, one paragraph 

quiz, and no quiz in each chapter. At the end of the chapter, students completed a chapter 

test based on the reading material, class discussions, and lab activities. Items on the test 

were written so that they were similar in nature to those seen on the online quizzes. The 

items were coded so that it was possible to determine which online section they 

correlated with. A studentôs number of correct responses was recorded for each test 

section. Student A had a number correct score for the multiple choice quiz, the paragraph 
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quiz, and the no quiz section of each test. The scores for each type of quiz were combined 

and summed. These raw score were then converted to percentages.  

At the end of the semester, the researcher developed a set of interview questions 

which were then piloted by an independent interviewer. This interviewer met with five 

chemistry students. After the five were interviewed, the questions were refined and ten 

more students were interviewed. The answers of these ten students were similar and 

thematic.  This being the case, the final five students who had agreed to be interviewed 

were not interviewed. 

Chemistry Chapters Covered 

The following chapters from the chemistry text provided the chemistry concepts 

for the study. 

Chapter 1:  Introduction to Chemistry 

Chapter 2:  Data Analysis 

Chapter 3:  Matter - Properties and Changes 

Chapter 4:  The Structure of the Atom 

Chapter 5:  Electrons in Atoms 

Chapter 6:  The Periodic Table and Periodic Law 

Chapter 7:  The Elements  

Chapter 8:  Ionic Compounds 

Chapter 9:  Covalent Bonding 

Chapter 10: Chemical Reactions 
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Data Analysis Procedures 

This study initially used a two-way split plot design to evaluate the effect of 

taking different types of reading section quizzes on student scores on end of chapter 

chemistry examinations. The within-subject factors were multiple-choice quizzes, 

paragraph quizzes, and no quiz taken. The between subject factors were the group 

assignments for each student. The dependent variable measured was the student percent 

score for each section of the chapter examination.  

A minimum of three sections of reading were assigned before each test. At times 

a chapter contained four sections. During the completion of a given chapter, each group 

completed at least one multiple-choice quiz, one paragraph quiz, and one no quiz. By the 

end of the study, each student had been through 35 cycles of assessment. Students in 

group A had taken 12 multiple-choice quizzes, 12 paragraph quizzes, and 11 no quiz 

sessions. Students in group B had taken 12 multiple-choice quizzes, 11 paragraph 

quizzes, and 12 no quiz sessions. Students in group C had taken 11 multiple-choice 

quizzes, 12 paragraph quizzes, and 12 no quiz sessions. Items on the end of chapter book 

exams came from all sections of reading. These items were coded by section. For 

instance, items whose content was covered in section 4.1 were coded 4.1 on the test.  

The tests were graded and the number correct scores for each section of reading 

were then calculated. At the end of the study, each studentôs average percent score was 

calculated by treatment group. The descriptive statistics for each group and each 

treatment were calculated. Each student received a score for multiple-choice quizzes, 

paragraph quizzes, and no quiz. Group averages by treatment are reported in Table 4.2 on 

the next page.  
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In the table below Para are scores on paragraph quizzes, Noth are scores on no 

quizzes, and MC are scores on multiple choice quizzes. 

Table 4.2 Descriptive Statistics 

__________________________________________________________________ 

  Group  Mean   SD   N  

Para  A  .75246   .143074  17 

  B  .78738   .133345  17 

  C  .77823   .116886  17 

       Total  .77269   .129751  51  

Noth  A  .73929   .109194  17 

  B  .80112   .102588  17 

  C  .77038   .162040  17 

       Total  .77026   .127419  51  

MC  A  .71205   .165705  17 

  B  .76475   .101745  17 

  C  .77888   .109285  17 

       Total  .75189   .129481  51  

All statistical analysis was done using SPSS using two-way split plot ANOVA 

with Condition (paragraph, multiple-choice, nothing) as the within subject factor and 

Group (A, B, C) as between subject factor. The independent variable was the percentage 

score on each part of the end of chapter examination. 
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Chapter IV 

Results 

Introduction 

 This study investigated the relationship between online chemistry quizzes and 

high school chemistry studentôs scores on end of chapter book exams. The study looked 

at the impact of online multiple-choice quizzes, online paragraph quizzes, and taking no 

online quiz. Data collected examined the differences each treatment had on student 

performance on the end of chapter tests. 

 Results 

Levineôs Test of Equality of Error Variances was run on the data prior to the two 

way split plot ANOVA. Levineôs Test indicated that, for multiple-choice, the 

homogeneity of variance was not tenable. F (2, 48) =3.573, p < 0.05. However, the 

sample sizes were equal and the F statistic is robust to violation so the split plot was 

completed. Mauchlyôs Test of Sphericity indicated that the Greenhouse-Geisser Test of 

Within-Subject Effects should be used. The Greenhouse-Geisser results are displayed in 

Table 4.3. 

Table 4.3 Test of Within-Subjects Effect 

____________________________________________________________  
Source  df  Mean Squares  F  Sig  

Condition 1.877   .007  .996  .369 

 

Condition/ 

Group 

Interaction 3.754   .004  .509  .718 
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Error  90.087   .007      

 

There was no significance within the condition F (1.877, 90.087) =.996, p> 0.05. 

or the interaction results. F (3.754, 90.087) =.509, p> 0.05. Tests of Between-Subjects 

Effects were also completed. Results can be seen below in Table 4.4 

 

Table 4.4 Test of Between-Subjects Effect 

____________________________________________________________  
Source  df  Mean Squares  F  Sig  

Group  2  .036   .981  .382 

Error  48  .037       

The effect of group is not significant. F (2, 48) =.981, p> 0.05. 

Results of Research Questions 

 Research Question 1. Do students who take online multiple-choice quizzes during 

the course of the unit score higher on end of chapter exams than students who do not take 

these quizzes? 

 Participants took 11 or 12 multiple-choice quizzes and 11 or 12 no quiz 

experiences during the course of the study. The type of quiz rotated throughout the 

duration of the study. Each participant took at least one type of quiz in every chapter. 

There was no significant difference on the test scores for multiple-choice quizzes when 

compared to no quiz. The multiple-choice quizzes did not improve student learning. On 

the other hand, they did not hurt student achievement either. 

 Research Question 2. Do students who take paragraph quizzes during the course 

of the unit score higher on end of chapter exams than students who did not take these 

quizzes? 
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Participants took 11 or 12 paragraph quizzes and 11 or 12 no quiz experiences 

during the course of the study. The type of quiz rotated throughout the duration of the 

study. Each participant took at least one type of quiz in every chapter. There was no 

significant difference on the test scores for paragraph quizzes when compared to no quiz. 

The paragraph quizzes did not improve student learning. On the other hand, they did not 

hurt student achievement either. 

 Research Question 2. Do students who take paragraph quizzes during the course 

of the unit score higher on end of chapter exams than students who take multiple-choice 

quizzes? 

Participants took 11 or 12 paragraph quizzes and 11 or 12 no multiple-choice 

quizzes during the course of the study. The type of quiz rotated throughout the duration 

of the study. Each participant took at least one type of quiz in every chapter. There was 

no significant difference on the test scores for paragraph quizzes when compared to 

multiple-choice quizzes. 

Interview Questions  

 Since no significant difference was identified between the three groups, initial 

follow up interviews were conducted with five students. The interview questions were 

refined and 10 randomly selected students completed full interviews. These interviews 

were completed to get student input on the use of the online quizzes. Students shared 

their answers to the following questions: 

1. Tell me how you prepared to take the chemistry tests that Mr. Ddddd gave in 

class.  

2. Tell me about the chemistry book for your course? 
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3. After you were assigned reading, you always answered two questions about 

how hard the material was and how confident you were. After that, sometimes 

you did nothing else, sometimes you wrote a paragraph, and sometimes you 

were asked some multiple-choice questions. We didn't find any difference 

between how you prepared and how you did on the chemistry exams that Mr. 

Ddddd gave in class. That is, when you were doing one thing (like writing a 

paragraph), other students were doing something else. It didn't seem to matter 

what you did. Can you explain why it didn't matter? 

4. When did you get down to really studying for Mr. Ddddd's tests? 

5. When you were preparing for a test, say during the last 24 hours before the 

test, what were the materials you used most?  

6. What about a review sheet? A work sheet? Questions at the end of the book 

chapter? Re-reading the book? 

7. If you were a teacher using the online quizzes, how would you use them 

differently 

8.  Is there anything else that you would like to tell me about chemistry? 

 

Interview Results 

 

Student answers were placed into categories and tabulated. It is important to note 

that some students responded with more than one answer so not all tabulations sum to 

ten. The questions and their responses can be found in Table 4.5-4.10 
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Table 4.5  

How did you prepare to take the end of chapter exams? 

Reviewed Class notes 6 

Ask teacher questions 1 

Reviewed assignments 1 

Used review guides 8 

Did not review 3 

Used online quiz 1 

Asked Parents 1 

Reviewed from book 1 

 

Comments on this question included: 

I reviewed my notes and homework assignments and if I had a question I asked Mr. 

Ddddd or looked in the book. 

I used the study guides, my notes and worksheets and I asked my Dad. If it was hard, I 

checked the book. 

I know the material so I donôt study, but I do look at the review guide. 

 

 

 

 

 

 


