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ABSTRACT 

SEAN VINCENT DEWEESE 
THE EFFECTS OF MASTERY LEARNING CORRECTIVES ON ACADEMIC 
ACHIEVEMENT AND STUDENT AFFECT 
Under the direction of JUSTUS J. RANDOLPH 

This study was conducted to examine the differences in high school biology 

achievement and student affect towards teacher and content from the use of 

individualized correctives as part of mastery learning. An experimental pretest-posttest 

with control group design was used during the fall 2011 semester. Over a thirteen-week 

period, 99 students in five general-level biology classes received mastery learning 

instruction covering several state standards. Of the 99 students, 50 received 

individualized correctives based on the results of formative assessment. The other 49 

students received a non-individualized study guide after the formative assessment. A 

written summative examination was used to measure achievement. The Instructional 

Affect Assessment Instrument (IAAI) was used to measure student affect. The written 

summative evaluation and the IAAI were administered as a pretest to assure the 

independence of the covariate and treatment effect. 

Data were analyzed with a multivariate repeated measures test and ANCOVAs. 

No differences were found between the individualized corrective group and the general 

study guide group in terms of achievement or student affect toward content or teacher. 

Results indicate that individualized correctives were not the key factor in mastery 
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learning for this population and type of science content. Further study on the impact of 

individualized correctives in different subject areas and populations is recommended as 

well as additional research on the effect of repeated testing. 
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CHAPTER I 

INTRODUCTION TO THE STUDY 

Assessment is a vital part of teaching and education. It is the only way of 

determining what an individual student knows or does not know (Chandler, Ehringhaus, 

Measured Progress Professional Development Group, & Garrison, 2009; Darling-

Hammond & Bransford, 2005). By having a student answer questions, perform a task, or 

organize information as isolated individuals, the teacher can ascertain what has entered 

into the student's long-term memory or, in other words, can determine if learning has 

occurred (Kirschner, Sweller, & Clark, 2006). Assessment can take many forms, from the 

ubiquitous multiple-choice test to complex portfolios. Assessments can also have many 

purposes depending on how the results are used, rather than how the tests are designed. 

On the state and national level standardized assessment scores are often used to judge the 

success of schools and rank the success of various systems and states (Guskey, 2007a; 

Wilbrink, 1997). 

In the classroom setting, assessments are often what determine a student's grade, 

which is supposed to be representative of the overall measure of the student's 

understanding of the course standards. Quite often these assessments are given to 

students at the end of a unit to evaluate the amount of information that they learned from 

instruction during the time span that the unit took place. Once the assessment is given the 

class moves on to the next unit of study regardless of how well students performed on the 

test. More importantly, students perceive the test as their only chance to show what they 
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have learned, and they no longer feel the need to spend time working on the concepts in 

the unit (Guskey, 1997). The only exception to this rule is if the whole class performs 

poorly. In that case the teacher might reteach certain parts of the unit to the class based on 

the results of the whole class but will not usually use the results of individual students to 

guide instruction. 

This approach is due in part to the traditional teacher-centered approach to 

classroom instruction and in part to time restrictions placed on the teacher by the amount 

of material that has to be covered in a fixed time period (Guskey, 1997). When 

assessments are used in this manner, they become pure evaluative tools to determine a 

student's ability to absorb new information. The traditional approach ignores any 

background knowledge that some students might bring into the classroom with them and 

disregards the amount of effort that the student spent on learning the information in the 

unit. Furthermore, this method of assessment does not cater to the individual needs of 

students who are just as capable of learning the material but need more time or different 

methods of instruction to learn (Guskey, 1997). 

In the 1960s Benjamin Bloom (1968) and his colleagues developed a strategy of 

assessment and differentiation that addressed the needs of individual students so they 

could receive almost the same quality of instruction as provided by an individual tutor. 

He originally called this strategy "learning for mastery" but later shortened it to mastery 

learning (Guskey, 1997, 2007a). In group-based mastery learning the process is as 

follows: students learn the material in class, they are tested once, they are assigned 

correctives or enrichment based on their first test, and then students are tested again to 

show growth (Guskey, 2007a). The first test is a formative assessment that the teacher 
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uses to provide feedback to the student based on the information that the student got 

wrong on the test. This feedback can be used to assign corrective activities that address 

deficiencies in knowledge or skills (Guskey, 1997). Correctives are assignments that 

present the material and engage the students in a different way from when they learned 

the material during the initial group instruction (Block, 1977, 1980; Guskey, 1997). A 

second test motivates the student by providing a second chance for success and gives the 

teacher a chance to determine if the correctives were helpful (Guskey, 2007a). 

Conceptual Underpinnings of the Study 

A series of studies have been done to test the effect of Bloom's group-based 

mastery learning system on student achievement. Other outcomes, such as student affect, 

have also been studied for positive effects when using mastery learning as opposed to the 

traditional system of teach, test, and move along. Because mastery learning changes a 

significant part of a student's classroom experience (how tests and test results are used) 

there are many areas of interaction within mastery learning classrooms that could 

possibly be researched beyond just comparing mastery learning classrooms with non-

mastery learning classrooms. 

Meta-analyses of mastery learning support the findings of individual researchers. 

Guskey and Pigott (1988) and Kulik, Kulik, and Bangert-Drowns (1990a) both conducted 

extensive research of mastery learning studies and calculated the overall effectiveness of 

mastery learning across subject areas and grade levels. Both meta-analyses are frequently 

referred to in mastery learning research for their measure of effect size for implementing 

mastery learning. In the first study, Guskey & Pigott (1988) concluded that group-based 

mastery learning resulted in positive Glass's A effect sizes (an effect size similar to 
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Cohen's d) for student achievement, involvement in class instruction, retention of 

content, and various measures of student affect. Positive achievement results were most 

consistent with the subjects of social studies, science, and probability. Social studies and 

science had effect sizes of approximately half a sigma. Probability was grouped as a sub

set of mathematics and had an effect size of approximately one sigma. 

Kulik et al. (1990a) found that mastery learning had a positive effect on final 

examination scores. They also found that the effect was greater for low aptitude learners, 

so the result was less variance in examination scores in the mastery learning sample. 

Researchers in follow up studies indicated these effects were long term. Mastery learning 

also had a positive effect on student attitudes. The effect sizes of mastery learning on 

achievement were not as great as some had predicted (an effect size close to 2.0), but for 

education an effect size of 0.59 for group-based mastery learning is strong. This article is 

frequently cited in research of mastery learning because of its high statistical validity and 

well-rounded analysis of mastery learning studies. 

Bangert-Drowns, Kulik, and Kulik (1991) also studied the effects of repeated 

testing on student achievement. In addition to their connection to the landmark meta

analysis above, this study is also important because mastery learning involves frequent 

testing for students. It is important to demonstrate that repeated testing is not harmful 

when considering mastery learning as a strategy. It is also important for this study that 

there is research-based evidence that it is not merely the repetition of testing that is 

producing significant effect sizes, but the additional element of feedback and correctives. 

The Glass's A effect size of repeated testing was 0.23, which is well below the 0.59 
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average effect size attributed to mastery learning (Bangert-Drowns et al., 1991; Kulik et 

al., 1990a). 

In the repeated testing study, the final exam was used to measure achievement, 

and the number of assessments the control groups received before the final exam 

significantly impacted effect size (Bangert-Drowns et al., 1991). When control groups 

that were not assessed at all were compared to groups that had multiple assessments 

before the final exam, the effect size was higher (0.54). However, the addition of only 

one assessment before the final in the control group dropped the effect size to 0.15 

(Bangert-Drowns et al., 1991). Increasing the number of tests given to the experimental 

group above one did not significantly increase the effect size. Therefore, more testing 

does not account for the total effect size in increased achievement. Increased testing by 

itself would only lead to substantial improvement in achievement if compared to students 

who are not tested at all during the course except for the final. Above four or five tests 

the effects of increased testing leveled off rapidly (Bangert-Drowns et al., 1991). It is 

important to consider this study because the researchers demonstrate the effect size of 

mastery learning of 0.59 (Kulik et al., 1990a) was not a result of increased testing unless 

it was being compared with control groups that did not test at all during the time span of 

the study. This was not the case in any of the studies indicated in the mastery learning 

meta-analysis completed by Kulik et al. (1990a). Indeed, in the meta-analysis of mastery 

learning, research that did not contain a comparable number of tests between groups was 

excluded based on methodological flaws. 

The repeated testing study (Bangert-Drowns et al., 1991) also had important 

implications toward student affect. The attitude toward instruction increased with more 
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frequent testing (Cohen's d of 0.59), but only four studies measured this aspect of student 

affect. Student affect is a component of the current study and also an important aspect of 

the effectiveness of mastery learning. It is possible that improved student affect in 

mastery learning studies is a by-product of frequent testing because both analyses show 

moderate positive effect sizes. The limited number of studies on student affect involved 

in all the meta-analyses discussed so far indicates the need for more research in the area. 

The collection of evidence from these different empirical studies led researchers 

to conclude that mastery learning is effective for increasing student achievement and 

student affect. Investigators in later studies examined various aspects of mastery learning 

to determine what aspects of the technique produced these results. Different aspects of 

mastery learning that were studied included instructional content, reteaching, and whether 

students were aware they were participating in mastery learning (Mevarech & Susak, 

1993; Ritchie & Thorkildsen, 1994; Senemoglu & Fogelman, 1995). While these studies 

did produce interesting results, they did not produce consistent differences that isolated a 

causal factor for increased achievement. 

Statement of the Problem 

Mastery learning is a complex procedure with several elements working together 

including pre-assessment, quality whole class instruction, formative assessments, 

correctives, secondary formative assessments, enrichment, and summative assessment 

(Guskey, 2010). It is possible that all of these elements working together are required for 

increases in achievement to occur. It is also possible that there is one aspect of mastery 

learning that contributes more to increases in student achievement. Quasi-experimental 

studies that showed gains in achievement were designed to identify differences between 
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groups who used mastery learning compared to groups who did not, not to identify 

specific aspects of mastery learning that were the causal factors in effect size gains in 

achievement (Fuchs, Fuchs, & Tindal, 1986; Ironsmith & Eppler, 2007; Livingston & 

Gentile, 1996). 

Likewise, increases in motivation and student affect were mentioned as other 

positive effects of mastery learning in a study by Clark, Guskey, and Benninga (1983) 

and the meta-analyses (Guskey & Pigott, 1988; Kulik et al., 1990a), but there was no 

indication of what aspect of mastery learning could cause those increases. Repeated 

testing and allowing for retakes has been shown not to increase achievement but might 

cause the increase in student affect (Bangert-Drowns et al., 1991). Several researchers 

point to the individualized instruction that students receive as a result of data driven 

corrective activities as the key aspect of mastery learning for changes in achievement and 

motivation (Clark et al., 1983; Guskey, 1997; Mevarech, 1985). 

Purpose of the Study 

The present study was designed to pinpoint whether the use of individualized 

correctives as part of mastery learning resulted in increases in achievement and student 

affect. The use of differentiated corrective activities is a likely area to investigate for 

causation (Clark et al., 1983; Guskey, 1997; Mevarech, 1985). If teachers are to 

implement mastery learning in the classroom, it is important that it is established that 

individualized correctives are worth the time and effort that it takes to design and use 

them as part of instruction. Mastery learning is still being studied and recommended as 

effective for increasing achievement (Guskey, 2007a; Guskey, 2010; Zimmerman & 

Dibenedetto, 2008), especially in science (Wambugu & Changeiywo, 2008). Processes 



8 

that are being implemented throughout school systems across the country, such as 

Response to Intervention (RTI), can also be addressed with mastery learning (Guskey, 

2010). Mastery learning is still being used, researched, and recommended to teachers, 

which suggests that it is not an antiquated notion and should continue to be researched 

and refined. 

If it can be established that the individualized corrective activities create 

achievement gains, then it will encourage teachers to correctly use this aspect of mastery 

learning and devote time and energy to correctives, a part of mastery learning that is time 

consuming and might otherwise be neglected. In a broader sense, how teachers use 

formative assessment data to adjust teaching and learning is directly related to the use of 

correctives in mastery learning. While the results of this study should not be generalized 

to such a broad scope, the results may indicate areas for further study in the realm of 

formative assessment and instructional interventions. Although the positive effects of 

formative assessment are generally accepted in education, research results are flawed or 

limited and further investigation is required to determine the full influence of formative 

assessment on student achievement (Dunn & Mulvenon, 2009). 

Research Questions 

There were four research questions for this study. The first research question was 

the omnibus question that addressed differences between the individualized corrective 

group and the group that did not receive individualized correctives when considering 

achievement, student affect toward content, and student affect toward teacher 

simultaneously. The three research questions that follow addressed if there was a 

difference between groups on each outcome separately. 
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1. Is there a statistically significant difference in the student achievement on teacher 

created assessments, student affect toward content, and student affect toward 

teacher of high school biology students who receive individualized correctives as 

part of mastery learning compared to students who do not receive individualized 

correctives when controlling for gender? 

2. Is there a statistically significant difference in student achievement on teacher 

created assessments of high school biology students who receive individualized 

correctives as part of mastery learning compared to students who do not receive 

individualized correctives when controlling for gender? 

3. Is there a statistically significant difference in the student affect toward content of 

high school biology students who receive individualized correctives as part of 

mastery learning compared to students who do not receive individualized 

correctives when controlling for gender? 

4. Is there a statistically significant difference in the student affect toward the 

teacher of high school biology students who receive individualized correctives as 

part of mastery learning compared to students who do not receive individualized 

correctives when controlling for gender? 

Hypotheses 

There were four hypotheses for this study. The first was the omnibus hypothesis 

and null hypothesis that addressed if there was a difference between the individualized 

corrective group and control group for student achievement, affect toward content, and 

affect toward teacher. Three separate hypotheses and null hypotheses addressed 

differences between groups on each measure independently. 
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1. For juniors in a general-level biology class at a city high school in the southeast 

United States, the group that receives individualized correctives will have higher 

achievement on teacher-made tests, student affect toward content, and student 

affect toward teacher than students that do not receive individualized correctives 

as part of the mastery learning cycle of assessment. The null hypothesis is that 

there is no difference between the correctives group and the non-correctives group 

in terms of achievement on teacher-made tests, student affect toward content, and 

student affect toward teacher. 

2. For juniors in a general-level biology class at a city high school in the southeast 

United States, the group that receives individualized correctives will have higher 

achievement on teacher-made tests than students that do not receive 

individualized correctives as part of the mastery learning cycle of assessment. The 

null hypothesis is that there is no difference between the correctives group and the 

non-correctives group in terms of achievement on teacher-made tests. 

3. For juniors in a general-level biology class at a city high school in the southeast 

United States, the group that receives individualized correctives will have a more 

positive student affect toward content than students that do not receive 

individualized correctives as part of the mastery learning cycle of assessment. The 

null hypothesis is that there is no difference between the correctives group and the 

non-correctives group in terms of student affect toward content. 

4. For juniors in a general-level biology class at a city high school in the southeast 

United States, the group that receives individualized correctives will have a more 

positive student affect toward the teacher than students that do not receive 
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individualized correctives as part of the mastery learning cycle of assessment. The 

null hypothesis is that there is no difference between the correctives group and the 

non-correctives group in terms of student affect toward teacher. 

Limitations 

The focus of this study was how the use of correctives in mastery learning 

changed achievement and student affect in biology. Effectiveness in science as a general 

subject area was considered, but the content differences between biology and the other 

science disciplines are too great to allow generalization. Achievement was limited to the 

measure of content knowledge that students can apply on a written examination. Student 

affect was defined as the feelings students have about the subject that they are studying 

and their teacher (Guskey, 1997). In this study affect was only measured in terms of 

feeling toward the content and the teacher. 

Additional limitations existed because the study only involved one group of 

students from the junior class in the 2011-12 school year, so it was not possible to 

generalize the results to populations of biology students taught during other school years 

at the high school. Also, because of demographic differences between schools, it may not 

be possible to generalize the results to populations of biology students at other high 

schools. Students in the sample were the middle- to lower-achieving students from the 

general population. Higher-achieving students had the choice to enroll in Advanced 

Placement (AP) Biology. Not being able to randomly assign all of the biology students in 

the school population to the treatments limited the applicability of the study to the general 

population. 
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Delimitations 

The teaching of biology, or any subject, is a complex endeavor that involves 

many strategies that might improve student achievement depending on the situation and 

composition of students (Marzano, 2009). The current study was confined to the strategy 

of group-based mastery learning based on Bloom's (1968) application, in particular the 

use of individualized correctives. Keller's (1968) Personalized System of Instruction 

(PSI) and other forms of mastery learning were not considered. 

Assumptions 

It was assumed that students who participated in this study completed all 

corrective assignments and applied maximum effort on all class-based assignments. Any 

differences between groups were accounted for by the random assignment of the students 

in the sample into the two treatment groups. Therefore, it was assumed that each group 

was only exposed to either individualized correctives or a general study guide. It was also 

assumed that the teacher-designed assessment was an accurate measure of student 

achievement in biology. Likewise, that the instrument designed to measure student affect 

was an accurate measure of that variable. 

Possible internal validity threats to the study could exist if students did not work 

independently and honestly during the pretest assessments, formative assessments, and 

summative assessment of learning and while reporting student affect. To minimize these 

threats, students were closely monitored during all testing situations to assure 

independence of data. The dependent variable of the summative unit test was also 

administered using multiple forms of the same test. The summative unit test contained 

identical questions, but the order of the multiple-choice answers was presented in a 
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different order on each form. Another threat to internal validity could occur if students 

were exposed to both individualized correctives and the generalized study guides. To 

minimize this threat, students were grouped based on treatment group and stationed at 

opposite sides of the classroom to present crossover. Cooperative learning strategies, 

group goals and individual accountability, were also used to encourage students to focus 

their efforts only within each group (Slavin, 1991). 

Although only quantitative data were used this study, there was also the 

possibility of the researcher injecting personal bias into the interactions with students and 

with the presentation of material. The use of only quantitative data to draw conclusions 

helps to reduce, but not eliminate, this potential threat. For that reason, it is assumed that 

the researcher did not present preferential behavior to members of either treatment group. 

Design Controls 

The hypothesis was that it was the use of individualized correctives in mastery 

learning that resulted in gains in achievement and student affect. The independent 

variable in the study was the use of correctives. Both groups received the same sequence 

of instruction and were formatively assessed three times during the unit using multiple 

formative assessments in concordance with the mastery learning philosophy. However, 

the two groups received different interventions after the first formative test. One group of 

students, the individualized corrective group, received individualized correctives and 

enrichment based on their performance on the first formative assessment. The other 

group, the general study guide group, received a non-individualized study guide 

regardless of their performance on the first formative assessment. The use of a 

comprehensive study guide for the general study guide group eliminated the aspect of 
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time-on-task differences between the two groups that might result in artificial increases in 

achievement for the individualized corrective group. Students were randomly assigned to 

either the individualized corrective group or the general study guide group from the total 

sample; therefore, all five sections of general biology contained members of both the 

groups. As a natural application of mastery learning, all students were assigned different 

correctives after each formative test, so it was possible to randomly assign students to 

both treatment groups in the same classroom. Students in the individualized corrective 

group received individualized correctives and were grouped separately from the general 

study guide group. Students in the general study guide group received a general review of 

all of the topics on the test instead of individualized correctives that addressed specific 

learning deficiencies. Students who scored below mastery on any area of the first 

formative assessment were allowed to take any portion of the second formative 

assessment after completing the aligned individualized corrective activities or the entire 

study guide. 

Data were collected for one unit of biology consisting of thirteen weeks of 

instruction and three formative assessments. Each formative assessment was divided into 

three sections, each with its own set of correctives for the individualized corrective 

group. Student gender was also considered to address student affect issues that 

researchers suggest might be more pronounced in females than males in mastery learning 

(Clark et al„ 1983). 

The dependent variables in the study were the results on the teacher prepared 

summative assessment and the results from an instrument designed to measure student 

affect, the Instructional Affect Assessment Instrument (IAAI) (McCroskey, 1994). The 
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IAAI includes measures of student feelings for the teacher (a = 0.94) and for the subject 

matter (a = 0.92). The teacher designed summative test, or unit test, was evaluated in a 

pilot study using a test-retest format to establish reliability and content validity was 

established using three independent raters. All students were pretested with the unit test 

and IAAI to account for individual differences between groups in terms of background 

knowledge and incoming student affect. 

To test the statistical significance between group means for student achievement 

and student affect toward content and teacher a multivariate repeated measures test was 

used to analyze the differences between groups for the three dependent variables with 

pretest and posttest scores and gender as a controlling factor. Data were analyzed with a 

multivariate repeated measures test with two within factors, pretest/posttest and measure 

(unit test, affect toward content, and affect toward content) and two between factors, 

group and gender. Univariate results from the repeated measures test as well as 

ANCOVA results were used to analyze any differences between groups on the individual 

measures. 

The sample consisted of a total of 99 students in five classes of college prep 

biology. Students were placed into classes based on schedule availability and course 

enrollment. However, students were randomly assigned to the two treatment variables. 

Definitions of Key Terms 

The following are important terms that relate to mastery learning and to the study 

design used to test the research questions. 

Correctives. Correctives are specific remediation activities that further explain 

and clarify instruction that are different from the initial instruction presented in class in 
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terms of how the concepts were presented. Correctives should be effective in improving 

performance and might incorporate different learning styles, learning modalities, or forms 

of intelligence (Guskey, 1997). 

Enrichment. A type of individualized corrective provided only to students who 

mastered all of the learning objectives on a formative test. Enrichment activities should 

be rewarding and challenging to students, but do not necessarily need to align with 

learning objectives (Guskey, 1997). 

Feedback. The identification of individual learning difficulties that occurs during 

the learning process as opposed to when teaching on that topic is finished. Feedback 

emphasizes the important features of the unit of instruction and works best when focused 

on features of the task, emphasizes learning goals, and contains a method for the student 

to reach that goal (Black & Wiliam, 1998/2010; Darling-Hammond & Bransford, 2005; 

Guskey, 1997; Kluger & DeNisi, 1996). 

Formative assessment. Assessment that is carried out as part of the instructional 

process to gather specific information on students learning progress for the purpose of 

adjusting teaching and learning. The first assessment in mastery learning that is used to 

identify precisely what a student has learned well and what needs to be learned better 

(Chandler et al., 2009; Darling-Hammond & Bransford, 2005; Guskey, 1997; Popham, 

2006). 

General-level biology. A heterogeneous biology class as opposed to an Advanced 

Placement (AP) Biology class. 

General study guide. A comprehensive review of the content contained in each 

formative assessment. The study guide may or may not be substantially different from the 
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initial group instruction. 

Individualized correctives. Separate learning activities that are used to address a 

specific portion of the formative test. The individualized corrective presents the content 

in a different format than the students have previously seen in whole group instruction. 

Individualized correctives include both corrective and enrichment activities. 

Mastery learning. Mastery learning is a form of evaluation that focuses on 

mastery of material rather than comparing results with other students. Mastery learning 

aligns instruction with formative assessment, feedback, correctives, and enrichment to 

help students resolve individual learning difficulties (Darling-Hammond & Bransford, 

2005; Guskey, 1997). 

Retake. The second formative assessment that is given to students to provide 

another opportunity for success and to gauge the effectiveness of the corrective activities 

(Guskey, 1997). 

Student affect. Student affect refers to the attitudes, interests, and values that 

students exhibit toward the subject that they are studying and the teacher (Guskey, 1997; 

Popham, 2009). 

Summative assessments. Assessments that are usually given at the end of 

instruction to evaluate students' learning, certify competence, and assign grades. 

Summative assessments tend to be broader based and wider in scope than any of the 

individual formative assessments and are usually administered after several units of 

instruction. (Darling-Hammond & Bransford, 2005; Guskey, 1997). 
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Summary 

Assessment is a natural part of teaching and instruction, and using assessment 

formatively is a way to help students learn as opposed to evaluating students for the 

purpose of ranking or grading. Mastery learning incorporates formative assessment along 

with feedback, correctives, enrichment, and summative tests to address student 

deficiencies. Mastery learning has been shown to increase student achievement and 

student affect (Guskey & Pigott 1988; Kulik et al, 1990a). Therefore, mastery learning 

has the potential to decrease the achievement gap in learning that is often identified with 

standardized testing (Guskey, 2007a). One aspect of mastery learning that is essential is 

the use of individualized correctives that are differentiated based on the performance of 

students on formative assessments. The goal of this study was to determine the 

effectiveness of the individualization of correctives in terms of student achievement and 

student affect. 



CHAPTER 2 

REVIEW OF RELATED LITERATURE 

Group-based mastery learning involves a four-step process (Guskey, 2007a). In 

the first phase students learn the material as part of a large group and the teacher uses a 

variety of teaching methods. In the next stage, the students are formatively assessed on 

the learning targets for that unit. The formative assessment provides feedback for the 

student about areas on the test where performance was below the expected levels of 

mastery. This feedback can be used to assign corrective activities that fill in deficiencies 

in knowledge or skills (Guskey, 1997). In the third stage of the process, students are 

assigned correctives or enrichment based on the results of the first formative test. 

Correctives are assignments that present the material to the students in a different way 

from when they learned the material during the initial group instruction (Block, 1977, 

1980; Guskey, 1997). In the final step of the process the students are tested again to show 

growth. The second test motivates the student by providing a second chance for success 

and gives the teacher a chance to determine if the correctives were helpful (Guskey, 

2007a). 

Mastery learning is a complex procedure with several elements working together 

including pre-assessment, quality whole class instruction, formative assessments, 

correctives, secondary formative assessments, enrichment, and summative assessment 

(Guskey, 2010). It is possible that all of the elements working together are required for 

increases in achievement to occur. It is also possible that there is one aspect of mastery 
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learning that contributes more than others to an increase in student achievement. 

Researchers that reported gains in achievement did not design their research to identify 

specific aspects of mastery learning that were the causal factors in the gains (Fuchs et al., 

1986; Ironsmith & Eppler, 2007; Livingston & Gentile, 1996). Likewise, Clark et al. 

(1983) mentioned increases in motivation, but there was no indication of what aspect of 

mastery learning could cause those increases. Repeated testing and allowing for retakes 

have been shown not to increase achievement substantially (Bangert-Drowns et al., 

1991). Some of the researchers' suggestions point to the individualized instruction that 

students receive as a result of data driven corrective activities as a key aspect of mastery 

learning that could possibly cause the changes in achievement or motivation (Clark et al., 

1983; Guskey, 1997; Mevarech, 1985). 

A quantitative approach was used to examine the effect of correctives on student 

learning of biology and student affect toward the teacher and toward biology content. 

Student achievement was determined based on the results of a teacher-written biology 

exam. Student affect was determined using a two-part Likert-scale instrument designed to 

measure student affect toward teacher and subject matter. Depending on whether the 

students received individualized correctives or a general study guide, the difference on 

student achievement and affect on these three instruments indicated the effect of 

correctives on student learning of and feelings toward biology and the teacher. 

The present study was designed to try to pinpoint if the use of individualized 

correctives during mastery learning resulted in increased achievement and student affect. 

The use of differentiated corrective activities is a likely area to investigate for causation 

(Clark et al., 1983; Mevarech, 1985). If teachers are to implement mastery learning in the 
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classroom, it is important that it is established that individualized correctives are worth 

the time and effort that it takes to design and use them as part of instruction. Mastery 

learning is still being studied and recommended as effective for increasing achievement 

(Guskey, 2007a, 2010; Zimmerman & Dibenedetto, 2008), especially in science 

(Wambugu & Changeiywo, 2008). Guskey (2007a) has recommended the 

implementation of mastery learning to decrease achievement gaps in students with 

different racial, ethnic, and socioeconomic backgrounds. Processes that are being 

implemented throughout school systems across the country, such as Response to 

Intervention (RTI), can also be addressed with mastery learning (Guskey, 2010). Mastery 

learning is still being used, recommended, and researched, which suggests that it is not an 

antiquated notion and should continue to be researched and refined. 

If it can be established that individualized corrective activities create achievement 

gains, then it will encourage teachers to properly use this aspect of mastery learning. In a 

broader sense, how teachers use formative assessment data to adjust teaching and 

learning is related to mastery learning. While the results of this study should not be 

generalized to such a broad scope, the results may implicate further study in the realm of 

formative assessment and instructional interventions. Although the positive effects of 

formative assessment are generally accepted in education, research results are either 

flawed or limited, and further investigation is required to determine the full influence of 

formative assessment on student achievement (Dunn & Mulvenon, 2009). 

In the following review of literature, I present an overview of the theoretical 

concepts of mastery learning, including the criticisms leveled at the claims of mastery 

learning proponents. I summarize the results of research, primarily in the form of meta-
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analyses, on mastery learning's effects on achievement, student affect, and retention. I 

also review the limited research available about the use of group-based mastery learning 

in the subject of high school biology. Finally, I outline the types of corrective activities 

used in the application of mastery learning to provide a theoretical basis for the 

construction of correctives used in this study. 

Search Strategy and Inclusion Criteria 

Mastery learning is an extremely flexible strategy with broad applications in the 

classroom, so teachers can apply mastery learning in many different ways (Guskey, 

1997). The adaptable nature of mastery learning makes it attractive for use in the 

classroom and has resulted in a huge quantity of research (Guskey, 2010). Because of the 

importance of mastery learning in increasing student achievement and the copious 

amount of literature on different applications of mastery learning at different age levels 

and in different subject matters, a systematic review of the available research that was 

applicable to this study was completed. Guidelines for the purpose, methodology, and 

organization of the literature review were based on the suggestions of Randolph (2009). 

The works of Bloom (1968), Block and Anderson (1975), and especially Guskey 

(1997, 2007b) were used as the foundations for the research. Meta-analyses and reviews 

of research were used whenever possible to provide the broadest applications of the 

various strategies. Research cited by these authors was reviewed for application to high 

school science and biology in terms of student achievement and in all subject areas and 

grade levels in terms of student affect. Key articles were also located through database 

searches and by tracing the citations of these articles on mastery learning and student 
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affect. Research on special populations, English as a second language (ESL) or special 

education, was not considered due to the less generalizable nature of such research. 

Mastery Learning 

The way that assessment is used in the modern classroom is, for better or worse, 

entrenched in centuries of tradition that still exerts influence on the way that teachers and 

the state use assessment to evaluate students. Wilbrink's (1997), in a history on 

assessment in education, described the purpose of education in the medieval period as the 

memorization of important, often religious, texts. To determine if students have 

accomplished that goal, the teacher would use rote recitation and simple questions. As 

education became more prevalent, class sizes increased and educators shifted focus to the 

problem of keeping students' attention focused on educational tasks. As a result, 

assessment became a way to determine which students to punish or reward based on their 

performance on tests. This led to the ranking of students based on accumulated points, 

which was a key component of the Jesuit system of education in the 17th century. At 

some point in the 19th century ranking systems were replaced with graded marking 

systems that are basically the same as ranking systems used today without the built-in 

benefits or consequences (Wilbrink, 1997). 

Development of Mastery Learning 

Ranking or categorizing students is not a useful or helpful procedure for 

improving student instruction (Bloom, Hastings, & Madaus, 1971). Bloom (1968) 

developed the system of mastery learning as an alternative method of using assessment to 

help students become successful in the classroom. Mastery learning is ultimately based 

on the philosophies of Pestalozzi, Herbart, and Comenius that all students are capable of 
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learning if given appropriate, high-quality instruction (Guskey, 1997). A key aspect of 

mastery learning theory is based on Pestalozzi's idea that you meet the students where 

they are and then lead them to where they need to be (Urban & Wagoner, 2009). The 

main influence on Bloom was Carroll (1963) and the idea that children's aptitude does 

not determine the level to which they can learn, but rather the rate that children can learn. 

Bloom et al. (1971) also realized that some subjects, like math and chemistry, 

have sequential units in which learning in later units builds on material contained in 

earlier units. Students who fail to master earlier units are unable to perform at a 

satisfactory level in later units because they have not acquired the prerequisite skills 

needed for success. This has a cumulative effect as students proceed through successive 

units, and by the end of the semester or school year only about 20% of the students in the 

class understand all of the material (Guskey, 1997). 

Bloom considered the ideal teaching and learning situation to be when a student 

worked one-on-one with a tutor. Therefore, he explored the work of Washburne's 

Winnetka Plan and Morrison's University of Chicago Laboratory School experiments 

(Guskey 1997; 2007a). These early researchers in the field of individualized instruction 

gave Bloom inspiration for transferring one-on-one tutoring strategies to a group setting. 

To determine what strategies successful students used, he drew upon the work of Dollard 

and Miller (1950). Dollard and Miller (1950) identified the four factors of learning as 

"drive, response, cue, and reinforcement" (p. 25). Drives are the motivations that cause 

actions, cues determine the shape of the response (the behavior), and reinforcement 

strengthens the propensity for a specific response. These learning strategies combined 

with tutoring techniques formed the basis of mastery learning (Guskey, 1997). 
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Using these sources Bloom developed a strategy for extending the teaching of a 

unit beyond the first test. He originally called this strategy "learning for mastery" 

(Bloom, 1968) but later shortened it to mastery learning (Guskey, 1997,2007a). Guskey 

(1997) defined the two most important elements of mastery learning as the 

feedback/corrective/enrichment cycle and the alignment of instructional components. 

Feedback needs to be consistent and specific, correctives should involve different 

presentation and involvement strategies, and enrichment needs to be rewarding and 

challenging. Alignment of instructional components necessitates the clear learning goals 

and feedback, correctives, and assessment must match these goals. While a prerequisite 

for mastery learning to be effective, alignment is not a unique feature of mastery learning 

and should be present in any instructional plan. 

In group-based mastery learning, the instructional process is as follows: students 

learn the material in class, they are tested once, they are assigned correctives based on 

their first test, and then students are tested again to show growth (Guskey, 1997, 2007a). 

Tests are designed and organized around standards or learning goals to make identifying 

problem areas easier. Mastery learning tests are divided by standard or have a key that 

aligns each question to a standard. In the mastery learning process the first test is a 

formative assessment that allows the teacher to supply feedback to the student based on 

the sources of error on the test. The feedback can be used to determine corrective 

activities that fix informational deficiencies and clarify misconceptions (Guskey, 1997, 

2007a). Corrective activities are assigned to individual students based on their gaps in 

skills or knowledge as identified on the first test. The most important aspect of 

correctives is that they present the material to the students in a different manner than they 



26 

saw when they learned the material during the initial group instruction (Block, 1977, 

1980; Guskey, 1997). The preplanned and consistent use of correctives is what 

distinguishes mastery learning from formative assessment as a strategy used in isolation. 

The correctives provide useful instruction based on the formative assessment and the 

mastery learning cycle provides a plan for teachers to use the results from formative 

assessment in an effective manner. The second test gives the teacher a chance to 

determine if the correctives were effective and motivates the student by providing a 

second chance for success (Guskey, 2007a). 

Formative and Summative Assessment 

The passing of the Elementary and Secondary Education Act (ESEA) of 1965 led 

to Scriven (1967) establishing the difference between formative and summative 

evaluation through the purposeful selection and use of assessment data. These evaluations 

were of educational programs and were not applied to students (Popham, 2006). Scriven 

(1991) revisited the evaluation definitions and stated that the intent of formative 

evaluation is to guide development and improvement during the enactment of an activity 

or program, while summative evaluation is used to assess the results in relation to their 

objective goals. In 1968, Bloom further refined formative assessment as a means of 

identifying what a student has learned well and what a student needs to learn more about. 

Formative assessment plays a vital role in mastery learning (Bloom, 1968; Guskey, 

1997). 

Formative assessment has to take place during the course of a unit of instruction, 

and not at the end of a unit of instruction (American Public University System, 2005; 

Chandler et al., 2009; Darling-Hammond & Bransford, 2005; Guskey, 1997; Popham, 
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2006). Quite often the only assessment that takes place in a classroom is at the end of a 

unit of instruction, and it is too late for the student or teacher to do anything with the 

information gained from the assessment (Guskey, 1997). In order for an assessment to be 

formative, it must take place at the appropriate time in the unit, and that means that there 

is time for students and teachers to close gaps that the student has in relation to the 

learning goals for the unit. 

Formative assessment must also be used to adjust the teaching and learning of 

both the teacher and the student (American Public University System, 2005; Chandler et 

al., 2009; Darling-Hammond & Bransford, 2005; Guskey, 1997; Popham, 2006). Any 

assessment that does not provide information about what students know or are able to do 

is not formative. Assessment results have to be used to change, alter, or give additional 

opportunities for learning. These adjustments have to be made for the student who 

participated in the assessment, and the student should be involved in the adjustment 

process. Popham (2006) stated that at least half of the benefit of formative assessment is 

located in the student being incorporated in the learning process. This involvement 

changes the student on cognitive and affective levels that result in greater achievement. 

Formative assessments typically have other characteristics but are flexible in 

application. Much of the formative assessment that takes place in the classroom is 

informal, but formative assessments can be either formal or informal. Informal types 

include oral questioning, class discussions, or observations (Darling-Hammond & 

Bransford, 2005). Formal measures such as "essays, compositions, projects, reports, 

performance tasks, skill demonstrations, and oral presentations can all serve as formative 

assessments" (Guskey, 1997, p. 12). Formal assessment is also usually not graded, but 
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may include a grade that does not impact a student's final grade to a large degree 

(American Public University System, 2005). The application of formative assessments is 

determined in a large degree by the teacher, but assessments can be considered formative 

as long as they are used in a timely manner to improve instruction to meet student needs. 

Fisher and Frey (2007, p. 4) recommend checking for understanding at least every 15 

minutes "if a teacher observes that some students do not grasp a concept, he or she can 

design a review activity to reinforce the concept or use a different instructional strategy to 

reteach it." 

Feedback must occur throughout the learning process and not at the end when 

teaching on that topic is finished (Darling-Hammond & Bransford, 2005, p. 288). 

Feedback works best when focused on features of the task and learning goals are 

emphasized (Kluger & DeNisi, 1996). Feedback needs to contain a clearly stated goal, 

evidence about where the student is at the time of the formative assessment, and a method 

for the student to reach that goal (Black & Wiliam, 1998/2010). 

Formative assessment is commonly referred to as assessment for learning as 

opposed to assessment of learning. Assessment of learning is summative assessment. 

Essential understanding of the role of summative assessment is important for its 

application in mastery learning. It is also important to contrast formative and summative 

assessment so that each type of assessment is used at the appropriate time and for the 

correct purpose. The use of summative assessment in mastery learning reflects the reality 

of testing in school settings. Most schools require some form of evaluation of students so 

grades can be assigned; therefore, necessity dictates that there be some form of 

summative assessment to evaluate students' learning progress in the course (Guskey, 
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1997). In mastery learning summative assessment is treated more as a final exam or a 

midterm, although it does not have to be performed at specific times during the school 

year. 

Summative assessments in mastery learning are usually given after several units 

of instruction and cover more material in less detail than formative assessments (Guskey, 

1997). Summative assessments are administered to determine student grades, meet the 

demands of accountability, or document student competence in some way (American 

Public University System, 2005; Darling-Hammond & Bransford, 2005). Grades are 

usually required in public schools, and formative assessments are not suitable for grades 

because they are given when a student is still working toward a learning goal. 

Accountability measures, such as high-stakes standardized tests, are typically summative 

in nature, and these may or may not affect student grades. 

Summative assessments in non-mastery learning classrooms are also defined as 

given at the end of units or course (American Public University System, 2005; Darling-

Hammond & Bransford, 2005). Alternately they may be "given periodically to determine 

at a particular point in time what students know and do not know" (Chandler et al., 2009, 

p. 1). Whether they are administered solely at the end of a course or periodically 

throughout the course, summative assessments are administered less frequently than 

formative assessments. 

Because the information from summative assessments is not used to guide 

instruction, they provide information on a student's learning only at the time that the test 

is given. Summative assessment can be used to improve instruction, but any improved 

instruction will only impact students who participate in that course the following year 
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(American Public University System, 2005). As a result, the use of summative and 

standardized testing to improve instruction is limited. Students in subsequent years of a 

course will not necessarily have the same learning needs as the students that were tested 

using summative measures. Therefore, formative assessment is superior to summative 

assessment for influencing teacher instruction and student learning. Mastery learning 

involves both formative and summative assessments as part of the instructional process. 

Formative assessment is the more important of the two forms of assessment because it is 

used to determine appropriate feedback, correctives, and enrichment for students that are 

one of the essential elements of mastery learning (Bloom, 1968; Guskey, 1997). 

Mastery learning starts after instruction has taken place on a particular unit and a 

formative assessment, aligned to the learning goals of that unit, is administered. That first 

formative assessment is used to provide feedback to the students about where they stand 

in relation to the learning goals (Guskey, 1997). Formative assessment is also used to 

determine what corrective activities the student should complete to reach those learning 

goals, or, in the case of the student who has met all of the learning goals, to provide 

enrichment opportunities for those students. This general methodology is supported by 

other proponents of formative assessment who state that feedback needs to contain a 

clearly stated goal, evidence about where the student is at the time of the formative 

assessment, and a method for the student to reach that goal (Black & Wiliam, 

1998/2010). The feedback and corrective process is followed up with another formative 

assessment that is used to double-check the effectiveness of the correctives and also give 

the student another chance for success (Guskey, 2007a). 
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The mastery learning process is not the only formative assessment that can take 

place in the classroom, but it provides a systematic and organized approach to formative 

assessment. Mastery learning encourages teachers to structure the learning environment 

so all of the important elements of formative assessment are incorporated. Teachers who 

use mastery learning are directed to develop tools that list learning goals and objectives 

for particular units and use those tools to develop formative assessments (Guskey, 

2007a). This aligns with Popham's (2006) suggestion that a rigorous approach to 

developing formative assessment should include task analyses that are focused on the 

learning goals for a particular unit. Informal formative assessment can also be included in 

the instructional process, but the additional use of mastery learning ensures that effective 

formative assessment practices are taking place in the classroom. As Black and Wiliam 

(1998/2010) point out, "formative assessment is the heart of effective teaching" (p. 140). 

In the research, mastery learning has been associated with similar gains in 

achievement when compared to formative assessment. Kulik et al. (1990a) found a 

Glass's A effect size, a measure of effect size similar to Cohen's d, of 0.59 for group-

based mastery learning in their meta-analysis. These results were similar to review 

studies of formative assessment. Black and Wiliam (1998/2010) found that formative 

assessment increases student achievement with a Cohen's d effect size between 0.40 and 

0.70. Mastery learning and properly implemented formative assessment had similar 

effects on student achievement. It might seem that the issue of formative assessment is 

resolved, but the gains reported by Black and Wiliam are based on research with suspect 

methodology and the need exists for more research on formative assessment (Dunn & 

Mulvenon, 2009). Mastery learning provides a definite structure for the organized use of 
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formative assessment in the classroom. To fully understand mastery learning and 

formative assessment, there needs to be a clear understanding of the roles of feedback 

and corrective activities in the adjustment of teaching and learning. Research can be done 

that explores the components of mastery learning that can clarify the impact of formative 

assessment on learning. 

Implementing Mastery Learning 

Glatthorn (2008), in his article on revising the curriculum, expressed a need for a 

teacher friendly curriculum alignment. In his proposal he suggested that there are three 

types of written curriculum: mastery, organic, and enrichment. Based on these three 

forms, teachers can develop mastery units that are flexible and meet the needs of every 

learner. The mastery learning strategy would not only work in this situation but would 

support it. By designing assessments that test for mastery, enrichment is provided as part 

of the curriculum for those who are ready for it and not as a random designation. The use 

of correctives would mean that a majority of students would understand the mastery 

written curriculum, and this would encourage the application of that knowledge in the 

organic written curriculum. Implementation of Bloom's mastery learning would facilitate 

a conversion to this type of curriculum due to the incorporation of enrichment in the 

cycle and the flexibility of assessments based on standards or goals instead of chapters or 

unrelated topics. The result of such a flexible curriculum is, according to Glatthorn, a 

curriculum that can satisfy the requirements for high stakes testing and still allows 

teachers to develop units that are engaging for their students. 

Early work in mastery learning was extremely textbook oriented and guided 

teachers to break down the textbook into learning units and base mastery learning units 
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off of those chapters (Block & Anderson, 1975). This time period was before state 

standards became prevalent; so many classes were guided by textbook-based knowledge. 

There were also fewer technology options for the teacher in that time period, so the 

process of developing a mastery learning unit was labor intensive, and suggestions 

included writing test items on 3x5 index cards. Tests were encouraged to be written as 

multiple choice or alternate choice to ease grading and because it was difficult to define 

mastery for open-ended responses (Block & Anderson, 1975). This was before the 

widespread use of rubrics, which could also be used to determine mastery. The options 

for corrective activities were also limited and suggestions were mostly related to 

textbooks and worksheets. There was also no mention of enrichment activities for 

students who mastered all of the standards (Block & Anderson, 1975). 

Guskey (2007a) is the leading proponent of the modern use of mastery learning 

and offers an updated, and less prescriptive, style of mastery learning that is more 

applicable to current education situations and teaching styles. Guskey's (1997) writings 

on the subject encouraged the use of enrichment for students who have mastered the 

material. Enrichments allow for those students who have mastered the material the first 

time through to deepen their knowledge of the subject as well as reward them for their 

academic success. Enrichment activities usually involve more student choice and tend to 

be based on activities for gifted students. Guskey's more modern interpretation 

accommodates different assessment strategies beside multiple-choice tests. This more 

flexible strategy allows the teacher to match the formative assessment to the learning goal 

involved by including "essays, compositions, projects, reports, performance tasks, skill 

demonstrations, oral presentations, or any other device used to gain evidence on students' 
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learning progress" (Guskey, 2007a, p. 17). Another efficient strategy is the use of flexible 

grouping as part of the corrective phase. Students working on similar correctives or 

enrichments can work in small groups allowing teachers to spend more time addressing 

specific issues. More recent writings about mastery learning also corrected the 

misassumption that mastery learning strategies focuses on lower order thinking 

processes. Bloom's original design stressed flexibility and higher order thought processes 

in initial instruction, assessments, and correctives (Guskey, 2007a). 

Guskey (1980) suggests that there are two approaches to implementing mastery 

learning that can have direct impact on classroom practices. Teachers can be trained to 

implement the cycle of assess, correct, and reassess to help all of the students in the 

classroom to master material and gain the knowledge and skills needed to be successful 

in the class. Also, curriculum designers and other individuals involved in developing 

classroom materials can work together to develop textbooks and ancillary materials that 

are based on mastery learning theory. Teachers can then adapt those materials for use in 

the classroom. Both approaches would essentially change the same aspect of education, 

which is how teachers in the classroom use the results of tests. The strategy was 

specifically designed for classroom use by Bloom, but implementation in a classroom 

setting is more than merely a matter of the teacher deciding that the strategy is useful and 

starting to use it in the classroom. To use the strategy properly teachers should be trained 

in its use. Fitzpatrick (1985) found that math teachers who participated in a staff 

development program that involved direct instruction on feedback and corrective 

procedures and classroom management made better use of the corrective cycle of mastery 

learning in the classroom. 
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Mastery learning has been around and well researched for several decades, and 

while the general principles behind mastery learning are accepted and used in many 

classrooms, use of the overall process is less widespread (Guskey, 2010). Helping 

teachers and administrators to see the benefits of mastery learning is an important step in 

making mastery learning a more widely used strategy in the classroom. To accomplish 

this goal teachers and researchers familiar with mastery learning need to proliferate the 

theory and processes involved in mastery learning throughout the schools and local 

school systems. This would primarily occur with staff development and local and 

national conferences. Continuing to publish research on mastery learning and writing 

books and articles about the effectiveness and use of mastery learning would also be an 

important factor in spreading the word about the strategy. Teachers need to understand 

how implementing mastery learning would improve the quality of their instruction so 

they will change the way that they teach. Administrators will need to see the positive 

outcomes in student achievement that are possible so they are willing to provide teachers 

the support that they need to implement the strategy effectively. 

Criticisms of Mastery Learning 

Tanner and Tanner (2007) explained the development of the Winnetka School and 

its impact on the development of education but were critical of mastery learning and its 

role in education. The Winnetka School was one of Bloom's influences when he devised 

the process, although not the only influence as the authors suggest. Other influences 

include Dewey's University of Chicago Laboratory School experiments and the work of 

Dollard and Miller (1950) on the habits of successful students (Guskey, 1997). Tanner 

and Tanner (2007), however, did not present an unbiased view of curriculum. A general 
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overview of their work would show that they were opposed to any form of education that 

was traditional, mechanistic, or based in behaviorism, but they were balanced in the sense 

that they also discussed the shortcomings of more liberal and cognitive based applications 

as well. The problem was that the authors lumped mastery learning in with the 

aforementioned perennial philosophies of education, and that was a mischaracterization 

of what mastery learning entails. 

Tanner and Tanner (2007) were not the only writers to misrepresent how mastery 

learning is properly used in the classroom setting. Educational textbooks, especially 

books in the field of educational psychology, often confused mastery learning with 

personalized systems of instruction (PSI), which was a student-paced and individualized 

approach to instruction (Guskey, 1997). One educational psychology book (Martinez, 

2010) described parts of mastery learning correctly, but stated that students were not 

allowed to move onto more advanced topics until they master earlier units. This was 

more descriptive of PSI systems, which involves repetition of the same material, and 

unlimited testing before the student moves onto a subsequent unit. In true group-based 

mastery learning the pace is teacher-determined, the correction is differentiated, and 

usually only one retake assessment is given per unit (Guskey, 1997). This confusion also 

seems to be where the Tanner and Tanner derive their concern with "a student who is 

locked into an unproductive curriculum and learning environment" (2007, p. 83). 

Undoubtedly, a student who was locked into a unit that presented the same material in the 

same way over and over again would become frustrated and give-up or drop out. More 

time would not be a solution; it would be a hindrance. What mastery learning actually 

does is provide new and specific instruction in areas where the student does not 
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understand the material or skill. The key is the feedback and the correctives provided for 

the students, not the extended time. 

Tanner and Tanner (2007) seem focused on the aspect of extended time for 

student learning as a key aspect of mastery learning. "Time is often viewed as a fully 

expendable and limitless resource" (Tanner & Tanner, 2007, p. 83). It is true that Bloom 

included Carroll's (1963) theory of time and learning and the concept that students learn 

at different paces in his construction of mastery learning (Guskey, 1997; Martinez, 2010). 

However, in group-based mastery learning the pace is still controlled by the teacher. The 

idea is to provide more flexibility with the time allowed for students, not to make the 

time unlimited. The essential elements of mastery learning as defined by Guskey (1997) 

were "feedback, correctives, and enrichment" and the "congruence among instructional 

components (alignment)" (p. 15). 

Another drawback associated with mastery learning was that it was associated 

with behaviorism because the learning was broken into prescriptive units, aligned with 

behavioral objectives, and the students had to perform at a certain level before moving on 

to more advanced material (Martinez, 2010; Palardy, 1987, 1993). Tanner and Tanner 

(2007) stated that the problem with Bloom's theory was that it was misused because the 

districts that implemented mastery learning were focused on the outcomes rather than on 

"skilled teaching and providing remedial help as needed" (p. 83). If that was the case then 

those districts were not using mastery learning. The two essential elements of mastery 

learning defined above are all about remediation and skilled teaching. The fact that the 

procedure was being misapplied should not reflect badly on the process of mastery 

learning. It should elucidate the need for better staff development and teachers being 
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shown the proper way to use mastery learning. Mastery learning is not just about 

outcomes, although outcomes provide the guidance to how it is used. Mastery learning is 

also not the driving force in the curriculum, as in the Winnetka School; it is essentially a 

form of assessment using formative tests, corrective feedback, and additional chances to 

take the test to show growth (Guskey, 1997). The system is very flexible and can be 

applied in any situation where a student is assessed, including complex and authentic 

learning that is more student centered. A component of mastery learning that is not often 

referenced is that it allows students to develop their own learning units to explore 

personal interests or goals (Palardy, 1987, 1993). Research conducted on mastery 

learning has shown the strategy to be "particularly effective when applied to instruction 

focusing on higher level learning goals such as problem solving, drawing inferences, 

deductive reasoning, and creative expression" (Guskey, 2007a, p. 22). 

Another issue with mastery learning is overcoming the tradition of assessment. 

Teachers will not want to change because the traditional way is the way that it has always 

been done. A common objection to mastery learning is that it gives students more than 

one opportunity to take a test (Guskey, 2003). The test is considered sacred in the 

educational community, and many teachers feel that students should be able to learn the 

material the first time through because that was the way that the teachers took tests when 

they were in school. An argument that is often used is that a pilot doesn't get more than 

one chance to land a plane (Guskey, 2003). However, a pilot isn't expected to land a 

plane on the first day of flight school. The pilot in training goes through extensive 

training on how to fly and land planes, including simulations that are analogous to 

formative assessments where mistakes can be made and corrected before they involve a 
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life or death situation. In fact, there are many more situations in careers or outside of 

school settings where mastery learning style feedback and correctives are given as part of 

the learning process. Learning the skills involved in sports or nearly any other 

professional occupation involves a similar cyclical learning process (Guskey, 2003). 

Teachers also question the amount of work and effort involved in creating 

mastery learning units (Block & Anderson, 1975). Teachers do not want to spend the 

time to write more than one test or find or design a series of correctives and enrichment 

activities (Arlin, 1982). However, if a teacher has taught a course before, a careful 

examination of materials on hand will often reveal plenty of materials to work with. 

Quite often the order of presentation of learning activities can be rearranged, so if there 

were four learning activities related to a specific learning goal, one of them can be moved 

to after the formative assessment and become the corrective for that part of the unit. 

Another key suggestion was to start the switch over to mastery learning one unit at a time 

(Block & Anderson, 1975). The first year of implementation, teachers can implement 

mastery learning with one unit. The following years, after the effectiveness of the 

strategy is evident to the teacher, other units can be converted to mastery learning units. 

Another concern is the time involved in implementing mastery learning strategies. 

Arlin and Webster (1983) compared mastery and nonmastery seventh grade students in a 

unit on sailing divided into four parts. Mastery students had a higher achievement rate, 

learned material faster than nonmastery students, and had greater retention of material. 

However, mastery students spent more time learning the material than nonmastery 

students. The authors used the method of dividing scores on the retention test by the total 

time spent on the four parts of the unit. Remedial time across lessons and individual 
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learning rates remained constant, but this might be expected across a short time span as 

represented in the unit. Guskey (2007a) suggested that while there might be an initial 

time investment in taking extra days for correctives and second assessments, in the course 

of a school year students become more effective and efficient learners because they have 

mastered the earlier units, so later units actually take less time. Mastery learning tends 

toward a reorganization of instruction in the classroom, not a radical overhaul. 

The problems related to time and implementing mastery learning was also related 

to time needed for students to reach a sufficient level of mastery. Arlin (1982) conducted 

qualitative research of the ten teachers of an original group of 28 who volunteered to pilot 

mastery learning in their classes based on the work of Block and Anderson (1975). 

Teachers were trained in mastery learning, provided with resources, and given time to 

develop ten-day mastery learning units with feedback from the researcher and an 

administrator. The units were atypical for group based mastery learning, as they 

compacted the time span and were developed as "short-term simulations" (Arlin, 1982, p. 

342). Out of the original 28 teachers who volunteered, 11 dropped out during the 

developmental phase because the process was too time consuming. Only 10 of the 

remaining 17 were judged by Arlin to have followed mastery learning procedures closely 

enough to warrant observations by the researcher and research assistants. A primary 

qualification was that the teacher did not move to the next lesson until 90% of the class 

had reached mastery. 

Based on observations and his interviews, Arlin (1982) concluded that mastery 

learning led to increased awareness for teachers of the various time needs of their 

students. However, problems arose for teachers in figuring out where to obtain the time to 
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provide correctives for slower learners and finding meaningful activities for the faster 

students. He used these results, along with other studies (Arlin, 1984b; Arlin & Webster, 

1983) and concluded that faster students were held back with alternate activities because 

they were waiting for faster students to catch up. Arlin (1984a) called this the Robin 

Hood approach because time was stolen from the faster students (the academically rich) 

to provide time for the slower students (the academically poor). Arlin favored an 

approach called "collective leveling" (1984a, p. 82) where the pace and rigor of 

instruction was fixed and set somewhere at the average learning rate of the class. This 

results in instruction where not everyone achieves at the same level, but everyone gets a 

similar amount of time. Since collective leveling is easier to implement, it has become 

part of the tradition of compromise in the teaching of diverse learners. 

Fitzpatrick (1985) responded to these claims with a study that addressed design 

problems with Arlin's 1982 study. Based on the recommendations of Block (1983), 

Fitzpatrick trained high school math teachers in mastery learning and classroom 

management strategies to increase time on task with a training program that contained 

direct and indirect support from administrators. The classrooms of 40 teachers were 

observed for five classes on the time spent on six instructional activities: feedback and 

correctives/enrichment, non-academic interaction (transition times), homework review, 

quizzes, guided practice, and independent practice. The classes were then observed ten 

more times after about half of the teachers received training in mastery learning. Analysis 

of the observations resulted in a statistically significant increase for the mastery learning 

groups in time spent on correctives and enrichment and a decrease in off task behavior. 

These findings led the author to suggest that teachers and students used their time more 



42 

purposefully. In contrast to Arlin's (1982) study, properly trained teachers spent more 

time in class on initial presentation and feedback and correctives. Furthermore, neither 

the amount of time spent on individual lessons nor the pace of instruction decreased in 

the mastery learning group. Fitzpatrick (1985) also challenged the idea that collective 

leveling was a suitable compromise for teachers. Teachers saw that mastery learning, 

especially with repeated performances, gave them the opportunity to focus on the talents 

of individual students. 

Other criticisms of mastery learning concerned Bloom's (1981) decreasing 

variability hypothesis. This is the idea that the time needs of fast learners and slow 

learners exposed to feedback and individualized correctives became more similar over 

time. In addition, the relationship between aptitude and achievement should decrease as 

learners proceed through various units. Arlin (1984b) used the results of four selected 

teachers from the 1982 study in combination with a second study that covered records of 

four years of instruction in elementary mathematics. Based on these two studies, Arlin 

concluded that differences between fast and slow learners remained the same over time, 

remediation time remained stable, and those in need of remediation remained constant. 

Livingston and Gentile (1996) also performed two studies to investigate the 

decreasing variability hypothesis. The way they tested the hypothesis was by measuring 

whether or not the variance in scores on later units in the course decreased as the slower 

students become more proficient learners. The authors used two groups of graduate 

students to test this hypothesis and found that the standard deviations among successive 

tests did not decrease in a significant way by using a Guilford t test; therefore, there was 

no support for Bloom's hypothesis. The authors also used a Pearson product-movement 
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correlation to compare the results from the first unit of study to results on the second and 

third unit of study. If Bloom's hypothesis held true, there should have been significant 

differences between these correlations, but there was no significance difference. The 

researchers concluded that although mastery learning was an effective instructional 

technique, it did not reduce initial learning rates among students. The authors reported 

that even though there was no support for the decreasing variability hypothesis, the 

mastery learning course was successful in terms of achievement and viewed favorably by 

students and instructors. 

Slavin (1987a) also had serious criticisms of mastery learning based on his best-

evidence synthesis of the research. Based primarily on a four-week minimum criterion, 

Slavin determined that most of the studies in previous meta-analyses that showed 

achievement gains did not qualify as evidence. Slavin also argued that standardized test 

results were more valuable than teacher created tests because they measure both coverage 

as well as mastery (Slavin, 1987a, 1987b). The conclusion was that mastery learning 

produces achievement gains in theory but not in practice (Slavin, 1987a). Some of the 

reasons the author proposes for the lack of achievement gains are ineffective correctives, 

correctives are not provided frequently enough, loss of learning time on correctives, and 

even an overall lack of effectiveness in the feedback and corrective process. Slavin also 

proposes that repeated testing of students may result in increased achievement because 

many mastery learning designs did not control for amount of testing in control groups. 

Slavin (1989) suggested that mastery learning was fine as an option for teachers but 

should not be required as there is no evidence for mastery learning's effectiveness. 
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Slavin's (1989) conclusions definitely represented a slanted view of the research, 

as his choice of studies to include in his synthesis was based on arbitrary and subjective 

conditions (Guskey, 1987). Anderson and Bums (1987) questioned several of the 

research designs in Slavin's approach. They suggested that standardized tests were not 

necessarily more valid because they do not always have strong content or construct 

validity and do not actually cover both content and mastery. They suggested that more 

than one measure of achievement should have been used in research and these tests 

should align specifically to what is being taught in both groups. Standardized tests do not 

always align to what is being taught in class. They also pointed out a contradiction in 

Slavin's view on the use of correctives and enrichment during class time or outside of 

class. At one point he asserted that correctives were a waste of time in class and could not 

be realistically done outside of class, and he later stated that correctives could be done 

outside of class and that the problem with mastery learning was the underuse of 

correctives. They also pointed out problems with averaging effect sizes, choice of studies, 

and if effect size was even appropriate for mastery learning studies. Anderson and Burns 

(1987) correlated effect size with duration of study and found it was statistically 

nonsignificant (r = -.12). They also recommend an alternate effect variability index that 

takes into account levels of achievement and variability simultaneously. 

Kulik et al. (1990a) in their mastery learning meta-analysis found a series of 

problems with Slavin's (1987a) review as well. Slavin's choice of studies are 

questionable. Slavin rejected several studies that met the criteria for inclusion and 

accepted several studies that violated the criteria. Slavin also minimized effect sizes and 

used median as opposed to mean effect sizes. Kulik and partners recalculated using mean 
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effect sizes for the studies used in Slavin's analysis and found a much higher effect size 

(Glass's A = 0.43). Kulik et al. (1990a) also pointed out that while mastery learning 

students did not perform better on standardized test, they did not perform more poorly, so 

mastery learning did not hurt students on standardized measures while it did help them on 

measures in the classroom, which resulted in a net positive effect on instruction. 

Differences in time between studies were also shown to be nonexistent, and two studies 

classified as extra-time or equal-time were misclassified. 

Slavin (1990) responded to these issues by reaffirming the appropriateness of 

standardized tests in measuring achievement. Slavin also restated his claim that teacher 

designed tests often did not align with material taught to the control groups, even if the 

control groups were learning important but nonassessed material. Therefore, teacher-

made tests were often more valid for mastery groups than control groups in terms of 

objectives measured on the test. In terms of measurement, Slavin acknowledged the 

differences between mean and median effect sizes, but also reaffirmed the value of 

disregarding studies under four weeks and studies where the groups differed statistically 

in terms of IQ and socioeconomic status. 

Kulik, Kulik, and Bangert-Drowns (1990b) responded to Slavin's (1990) response 

and stated that the differences between their two analyses were a matter of focus. Slavin 

ignored college studies, student affect, variations in achievement, and only partially 

examined aptitude-achievement interactions and variations in instructional time. Thus 

Slavin was only presenting a small part of the evidence, while Kulik, Kulik, and Bangert-

Drowns were trying to present a broader view. The authors felt that they agree with 

Slavin on two points: mastery learning increased achievement on teacher-made 
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assessments moderately well and on standardized tests to a smaller degree. However, 

Slavin failed to address issues with his choice and categorization of studies. Kulik et al. 

(1990b) felt that passing judgment on mastery learning using only a small part of the 

available research was a mistake. Furthermore, more research was needed that examined 

effect sizes on both types of tests before a final verdict was passed on mastery learning. 

The idea that all students can learn if given the right instructional opportunities is 

an important educational philosophy (Guskey, 1997). Mastery learning provides students 

with those opportunities. Despite the failure to decrease time variability among students, 

using "mastery learning can increase learning rate or time efficiency on new material" 

(Arlin, 1984b, p. 80). Furthermore, policy dictates, such as the No Child Left Behind 

legislation, makes closing achievement gaps within a limited amount of time a topmost 

priority among schools and school systems (Guskey, 2007a; NCLB, 2001). Mastery 

learning, while not the panacea to all educational concerns, is an important tool that can 

be used to help with student achievement. Education should not only be about student 

achievement, but how well students learn and remember content material is currently one 

of the driving forces in education and will probably remain important in the near future as 

well. The flexibility of mastery learning also allows for its application in many situations 

that do not relate directly to test scores. What mastery learning ultimately does is allow 

teachers to use assessment as a tool for student improvement. If that is improvement in 

test scores, then so be it, but even if the goal is something less tangible than content 

knowledge, then assessing and providing feedback and correction is an excellent way to 

make sure that every student that makes the effort reaches the goal. 
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Mastery Learning and Achievement 

Various reviews of literature and meta-analyses, summarized by S. A. Anderson 

(1994), have been done on the vast amount of research on mastery learning that has been 

conducted over the years. Guskey and Gates (1985) conducted a synthesis of research 

completed after 1975. Criteria for inclusion in the synthesis were that the studies had to 

be group-based and teacher-paced, include measured outcomes, and be free from 

methodological flaws. Out of the 144 articles located, only 38 met the criteria. Guskey 

and Gates (1986) used 27 of these articles in a separate synthesis that examined only 

elementary and secondary classrooms. Glass's A was used for the effect size because the 

differences between groups were divided by the standard deviations of the control groups 

only. The results of this analysis can be interpreted similarly to Cohen's d effect sizes. 

All of the research reported positive achievement outcomes for mastery learning 

classrooms, however, the effect sizes were so varied (0.02 to 1.70) that outcomes were 

analyzed by grade levels and subject areas. In the first analysis, the gains in achievement 

were 0.94 for elementary grades (1-8), 0.72 for high school, and 0.65 for college (Guskey 

& Gates, 1985). When looking at precollege effects, the average effect sizes were broken 

down by grades 1-6 for elementary (0.89), grades 7-8 for junior high (0.93), and high 

school (0.72) (Guskey & Gates, 1986). The authors theorized that the reduced effects for 

high school and college were caused by the absence of a wide range of deficiencies in 

elementary school students and the more cohesive nature of elementary school 

curriculum (Guskey & Gates, 1985, 1986). 

By subject area, the analysis that included college level studies was broken into 

five subject areas: science with an effect size of 0.49, mathematics with 0.72, social 
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studies with 0.72, language arts with 0.77, and psychology with 0.83 (Guskey & Gates, 

1985). Higher effect sizes were expected for science, as original theory predicted higher 

gains in achievement in the more sequential subjects of math and science. The authors 

explained the gap by theorizing that the teachers in control groups for science studies 

might already incorporate instructional procedures that had elements of mastery learning. 

Another explanation considered that eight of the nine studies in science were high school 

or college level, so that grade level might have been more influential than subject in 

calculating the results. When only elementary through secondary level studies were 

considered, the effect sizes were more similar: science 0.78, mathematics, 0.81, social 

studies 0.91, and language arts, 0.99 (Guskey & Gates, 1986). Again, the authors 

explained the lower effect sizes in math and science by the natural use of mastery 

learning elements in these more sequential courses. 

Guskey and Gates (1985) also explored achievement in terms of the length of the 

study. One week studies had an average effect size of 0.93, two to twelve weeks had an 

average effect size of 0.76, and over 18 weeks 0.74. The authors had three possible 

explanations for the lower effect sizes in the longer studies. One was that the novel nature 

of mastery learning involved a possible Hawthorne effect. Also, the one-week studies all 

involved content that was brand new to students, while the longer studies contained a 

broader range of topics, so students' existing knowledge base had a greater impact on 

results. The final explanation was that longer studies represented more typical and 

realistic classroom settings, while the short studies examined idealistic conditions. 

Slavin (1987a) conducted a synthesis of research using studies that he determined 

qualified as best evidence. Only studies that used group-based mastery learning in K-12 
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classrooms were included, which means that they were formatively tested at least once 

per month and were given correctives and a second test, students were taught as a group, 

and mastery learning was the only intervention. Also, at least two groups needed to be 

compared, these groups needed to be statistically similar before treatment or adjust for 

any differences, and the study had to be at least four weeks long. Slavin also used gains 

in test scores to determine effect sizes whenever available, a strategy that is not 

statistically sound (Field, 2009). Slavin (1987a) found a median effect size of only 0.04 

on standardized measures of achievement and 0.27 overall. 

Two other meta-analyses, Guskey and Pigott (1988) and Kulik et al. (1990a), both 

conducted extensive research of mastery learning studies and calculated the overall 

effectiveness of mastery learning across subject areas and grade levels. Both meta

analyses are frequently referred to in mastery learning research for their measure of effect 

size for implementing mastery learning. These studies improved on the analyses by 

Guskey and Gates, and the researchers used a larger sample of research and more detailed 

statistical analysis to provide more evidence about mastery learning. 

In the first study, Guskey & Pigott (1988) used the results of 46 studies to 

conclude that group based mastery learning resulted in positive effect sizes for student 

achievement, involvement in class instruction, retention of content, and various measures 

of student affect. Again, Glass's A was used for effect sizes, but for studies that did not 

report means and standard deviations the bias corrected estimate of effect size, Hedge's g 

or the weighted average effect size, was used. 

Positive achievement results were most consistent with social studies, science, 

and probability (Guskey & Pigott, 1988). Social studies and science had effect sizes of 



50 

around half a sigma. Probability was a sub-set of mathematics and had an effect size of 

approximately one sigma. Once again, a range of effect sizes precluded the derivation of 

a single average effect size. A test of homogeneity showed that the variation in effect 

sizes was too great for all of the studies to share the same effect size. To summarize 

effect sizes, studies were once again broken into subject, grade level, and duration of the 

study. Homogeneity tests were then run on the grouped studies and outliers were 

eliminated to achieve homogenous effect sizes for each group if possible. 

By subject area, only science (g = 0.50) and social studies (g = 0.53) resulted in 

homogenous group effect sizes (Guskey & Pigott, 1988). The other subject areas only 

heterogeneous group effect sizes: language arts (g = 0.60) and mathematics (g - 0.70). 

Mathematics was broken into subgroups and homogeneity was discovered for the field of 

probability with an effect size of 1.01. By grade level, all effect sizes were statistically 

significantly different from each other, elementary (g = 0.94), high school (g = 0.48), and 

college (g = 0.41); however, all within group tests were heterogeneous. Studies divided 

by duration were not statistically significantly different from each other and were also 

heterogeneous within groups: 1 week (g = 0.78), 2-12 weeks (g = 0.73), over 18 weeks (g 

= 0.50). The wide variety of effect sizes was explained by the actual classroom settings of 

the experiments, which involved a wide variety of confounding variables that were rarely 

accounted for in the literature. Also, the implementation of mastery learning in these 

studies was vague and may not have conformed to the strict standards of mastery learning 

(Bloom, 1968), especially in the area of feedback and correctives (Guskey & Pigott, 

1988). Despite the lack of consistency, predominately medium to large effect sizes were 

found for achievement. 
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Kulik et al. (1990a) conducted an extensive meta-analysis of mastery learning that 

included group-based mastery learning as well as Keller's Personalized System of 

Instruction (PS1). The researchers were attempting to provide a more complete picture of 

mastery learning than the Guskey and Gates' (1985) or Slavin's (1987a) reviews of 

mastery learning research. The criteria for this meta-analysis were that the studies had to 

be: field-based, free of methodological flaws, and had to contain quantitative results that 

could be used to calculate effect sizes (Kulik et al., 1990a). Mastery groups had to have a 

mastery criterion of at least 70%. Glass's A was used for the effect size, in some cases the 

standard deviation to use as the denominator was unclear, so the authors described their 

effect sizes as interpretable effect sizes as opposed to operative effect sizes. Of the 108 

studies reviewed 72 related to Keller's PSI approach and the remaining 36 examined 

Bloom's group-based mastery learning approach. The average effect size for student 

examinations scores was 0.59 for the group-based mastery learning studies. 

Kulik et al. (1990a) identified five elements of studies that resulted in particularly 

large effect sizes, with effect sizes as large as 0.80 not uncommon. The effects tended to 

be largest in subjects dealing with the social sciences. Also, teacher-developed tests 

resulted in larger effect sizes than national standardized tests. Mastery learning was more 

effective if the teacher rather than the student set the pace of instruction. High standards 

of mastery on formative tests and more feedback on those tests in the mastery learning 

groups also boosted effect sizes. 

Kulik et al. (1990a) found that mastery learning had a positive effect on 

examination scores, and the effect was greater for low aptitude learners, so there was less 

variance in examination scores. These effects were long term as indicated by follow up 
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studies. Mastery learning also had a positive effect on student attitudes. The effects of 

mastery learning were not as great as some had predicted (an effect size close to 2.0), but 

for education an effect size of 0.59 for group-based mastery learning was relatively 

strong. 

Achievement and Components of Mastery Learning 

Mastery learning is a complex process that involves several elements working 

together including pre-assessment, quality whole class instruction, formative 

assessments, correctives, secondary formative assessments, enrichment, and summative 

assessment (Guskey, 2010). The focus in this study was on the feedback/correctives-

enrichment phase of mastery learning, but researchers in other studies have examined 

other various aspects of mastery learning that could also possibly contribute to 

achievement gains. One of the most prominent features of mastery learning is the concept 

of giving students another chance to take a formative assessment, a retake. Because of the 

amount of testing this entails, it is important to understand the effects of repeated testing 

on achievement. 

Bangert-Drowns et al. (1991) studied the effects of repeated testing on student 

achievement. For this study of mastery learning, it was important that repeated testing 

was not harmful when considering mastery learning as an instructional strategy. It is also 

important that it was not merely the increased amount of testing that is producing 

significant effect sizes, but the additional element of feedback and correctives. The 

Glass's A effect size of repeated testing was 0.23, which is well below the 0.59 average 

effect size of mastery learning (Bangert-Drowns et al., 1991; Kulik et al., 1990a). 
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In studies included in this meta-analysis, final exams were used to measure 

achievement. It was determined that the number of assessments the control groups 

received before the final exam significantly impacted effect size (Bangert-Drowns et al., 

1991). When control groups were not assessed at all before the final compared to 

repeated assessment in the experimental group the effect size was higher (0.54). 

However, the addition of only one more assessment before the final in the control group 

dropped the effect size to 0.15 (Bangert-Drowns et al., 1991). Increasing the number of 

tests given to the experimental group did not change the effect size. Therefore, more 

testing did not necessarily increase achievement. Increased testing by itself only led to 

substantial improvement in achievement when compared to students who were not tested 

at all during the course except for the final. Above four or five tests the effects of 

increased testing leveled off rapidly (Bangert-Drowns et al., 1991). It was important to 

consider this study because it showed the effect size of mastery learning of 0.59 (Kulik et 

al., 1990a) was not a result of increased testing unless it was being compared with control 

groups that did not test at all during the time span of the study. This was not the case in 

any of the studies indicated in the meta-analyses. Indeed, in the meta-analysis of mastery 

learning by Kulik et al. (1990a), research that did not contain a comparable number of 

tests between groups was excluded based on methodological flaws. 

Conversely, more recently researchers in the field of psychology have provided 

support for the idea that the act of testing increases learning, although these tests were not 

done in classroom settings or situations. Roediger and Karpicke (2006) exposed students 

in the experimental group to material in the form of tests and then equalized exposure to 

material for the control group by providing study time. A retention test was given five 
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minutes later or after two to seven days. They found that testing without feedback 

increased long-term retention of material. Kornell, Hays, and Bjork (2009) found that 

unsuccessful attempts to answer simple questions increased learning more than being 

shown the answer with the question. In a similar study using essay material, unsuccessful 

attempts to answer questions before reading the material increased learning more than 

study time with special emphasis on the parts of the essay that were being tested 

(Richland, Kornell, & Kao, 2009). In mastery learning the first test could be considered a 

learning experience that could result in increased achievement by itself without feedback 

or correctives. 

Previous research on testing in college biology found increases in achievement in 

courses that used objectives and diagnostic testing without specific remediation (Yeany, 

Waugh, & Blalock, 1979). In this study, no remediation was provided and no retests were 

given to either group. The subjects were preservice elementary teachers who received 

either objectives in isolation or objectives and diagnostic quizzes with an answer key 

provided at the end of every class. The study took place over two units and in the first 

unit, on animal behavior, the addition of diagnostic testing had no effect, but in the 

second unit, on ecology, diagnostic testing had a significant effect. Differences in results 

between units were attributed to time it took to learn how to use diagnostic testing or a 

ceiling effect for the first unit test. Nevertheless, the researchers concluded that 

diagnostic testing could increase college-level science achievement after an adjustment 

period. No difference was found in students' attitudes toward instruction. 

Kulik and Kulik (1986-1987) conducted a meta-analysis of studies that focused 

on the effects of mastery testing associated with both Keller's PSI and Bloom's group-



55 

based mastery learning systems. The average Glass's A effect size of mastery testing was 

0.54. Analysis of trends in mastery testing studies showed that the effects were greater for 

students with low aptitude, in studies with high mastery criteria (95-100%), and in studies 

that used Keller's system. Students in mastery groups that received more feedback than 

the control group also had higher effect sizes compared to students in studies that 

controlled for feedback. After carefully examining effect sizes, the authors concluded 

gains in achievement from both styles of mastery learning were due to the prerequisite of 

mastery testing as opposed to other components. 

Another key aspect of mastery learning is the use of feedbacks and correctives 

following formative assessment. Different forms of remediation connected to diagnostic 

testing have been tested for impact on achievement. Fiel and Okey (1975) compared three 

groups of middle school science students who, after initial instruction and a diagnostic 

test, received either more instruction in a different format, additional practice similar to 

the original instruction, or no remediation. Students who received additional instruction 

different from the initial instruction had a statistically significant increase on the measure 

of achievement than the other two groups. The researchers concluded that alternate forms 

of instruction were more helpful than additional practice or a repetition of previous 

instruction. The researchers provided remediation on a daily basis for three topics over 

six days, so was not a direct test of group based mastery learning styles, but the results 

did provide support for the effectiveness of correctives that contain instruction different 

from what students had seen before. 

Hymel and Mathews (1980) compared three separate groups of high school 

history students using a 100% criterion for mastery. The first group received highly 
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specific formative tests and correctives compared to the second group who only received 

general formative tests and correctives. The third group did not receive any correctives. 

Specific formative tests explored more of the topic content, and specific correctives 

provided more detail in reference to the advanced organizer, used supplemental reading, 

and included written reinforcement. The researchers found that correctives and feedback 

increased achievement on a statistically significant level compared to the group who did 

not receive correctives, and specific correctives increased achievement more than general 

correctives but not at a statistically significant level. Students also gave statistically 

significant higher positive unit evaluations if they received specific correctives and 

feedback compared to the general or no correctives groups. 

Another aspect of mastery learning that has been studied is the foundation or 

source of materials used for mastery learning. Prepackaged forms of mastery learning 

often offered modified versions of Bloom's (1968) original formats. Fuchs et al. (1986) 

studied reading achievement by comparing group-based mastery learning with another 

form of mastery learning that was connected to a basal reader textbook. The effects of 

both treatments were compared between first grade students that were quantified as either 

high- or low-achievers using a pretest. The researchers compared results on two post-

tests: a passage reading test and a basal mastery test. Results on the test were compared 

between the mastery learning treatment, predetermined achievement level and the 

teachers using an analysis of variance (ANOVA). The researchers found that the methods 

that more closely resembled Bloom's mastery learning produced significant gains for low 

achieving students but not for high achieving students. The researchers suggested that the 

reasons for gains in low-achieving students were due to the adherence to principles that 
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were a part of Bloom's original design that were absent in the basal reader's mastery 

learning program. The basal series lacked smaller more focused units, frequent data 

collection through formative assessments, systematic rules for interpreting those results, 

and frequent and specific feedback for the students. They also made it apparent that it 

was not clear which of these aspects that were present in the mastery learning system, but 

absent from the basal reader based treatment, were responsible for the gains in 

achievement among low-achieving students. 

Authors in another study compared achievement between two groups of fifth-

grade students (Ritchie & Thorkildsen, 1994). Both groups received the same 

instructional content, instructional time, and instructional delivery through a videodisc-

based program. The informed students were told that they were in a mastery learning 

class and would be held accountable. The noninformed students received slightly altered 

instruction so they were not aware of accountability or mastery learning. The results 

showed a significant difference with the informed students scoring higher with an effect 

size of 0.67. Awareness of participation in a mastery learning program positively affected 

the achievement of the students. These results are possibly due to the establishment of 

specific goals for students or the knowledge of their own control over the learning 

environment. 

The variable of predetermined achievement level has also been considered in 

conjunction with mastery learning. Ironsmith and Eppler (2007) found similar results to 

Fuchs et al. (1986) in their study of undergraduate students in developmental psychology 

courses. In this case, level of achievement for students was identified by use of college 

GPA at the beginning of the semester. Students were classified as low-aptitude (GPA less 
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than 2.70), middle-aptitude (GPA between 2.71 and 3.30), and high-aptitude (GPA above 

3.30). While all three groups showed significant improvement with the mastery learning 

treatment, the low aptitude group showed the greatest advantage with a 12.8% higher 

final exam grade than the traditional lecture students. They also found that low-achieving 

students showed a significant gain in results on a learning goals test, while the other 

aptitude groups showed no significant difference between mastery learning and 

traditional lecture groups in learning goals. In this study, low achieving students showed 

the greatest gains in achievement and a "greater sense of control over learning situations 

and greater resilience in the face of academic challenges" (Ironsmith & Epler, 2007, p. 

30). These researchers also indicated that they could not identify what aspect of mastery 

learning caused the increases in achievement or learning goals. 

Mastery Learning in Combination 

Various empirical studies established that mastery learning is effective for 

increasing student achievement. Later studies examined various aspects of mastery 

learning used in combination with other instructional strategies to determine if there were 

interaction effects (Block, 1979). Mastery learning is a flexible strategy that can be used 

with other effective instructional strategies. For example, as an instructional approach, 

mastery learning aligns well with instructional design (Gagne, 1988). 

Cooperative learning in conjunction with mastery learning was studied to 

determine if the effects were cumulative. Mevarech (1985) investigated how using 

mastery learning and student teaming at the same time changed student achievement in 

math for 5th grade Israeli students. The result was a simple 2x2 factorial design that was 

analyzed with a multivariate analysis of variance (MANOVA) to investigate the two 
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dependent variables to measure math achievement, a computation test and a word 

problem test to measure comprehension. Mevarech also found that students in the 

mastery learning group significantly outperformed all other groups on both measures of 

math achievement. Student teaming did not produce a significant difference, and the 

group that received both mastery learning and student teaming showed a significant 

improvement on the computational test but not on the comprehension test. The author 

pointed to the quality of corrective instruction as the best explanation for the difference in 

achievement between the mastery learning groups and the other groups, specifically that 

the correctives were individually tailored to each student. 

Mevarech and Susak (1993) measured questioning skills, achievement, and 

creativity of 3rd and 4th grade students exposed to mastery learning and cooperative 

learning during instruction of questioning techniques. Students were divided into one of 

four groups: mastery learning, cooperative learning, cooperative mastery learning that 

used both approaches, and the control group that did not use either approach. Students 

instructed using mastery learning, either individually or in cooperative groups, increased 

their ability to produce higher order questions and creativity. Cooperative learning by 

itself showed the smallest amount of improvement but was significantly different from 

the control group. Increases in creativity and the ability to generate higher order questions 

did not impinge on the achievement in curriculum content. This result indicated that 

mastery learning did not detract from content coverage by spending more time on 

material that was covered. 

Another interaction that was studied was the effects of mastery learning on less 

sequential material with the additional influence of reteaching prerequisite material for 
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the course (Senemoglu & Fogelman, 1995). Students who received additional instruction 

of prerequisite materials increased achievement significantly (0.4 sigma). Students who 

were exposed to feedback and correctives in addition to augmented prerequisite 

knowledge instruction achieved even higher levels of achievement (0.8 sigma). Greater 

effects were found in studies that involved sequential subjects, but the content in this 

course was of a nonsequential nature and at the educational level of post-secondary 

school as opposed to secondary school. The effects of these different instructional 

strategies were cumulative, especially for higher cognitive behavior. 

Both the Mevarech and Susak (1993) and the Senemoglu and Fogelman (1995) 

studies were important steps in the development of mastery learning research. These 

studies both showed that mastery learning can have additive effects when combined with 

other instructional techniques and are effective when dealing with higher order cognitive 

functions. Therefore, mastery learning does not preclude using other effective 

instructional strategies, which demonstrates its flexibility. It was also important to 

demonstrate that mastery learning is effective in teaching higher order thinking skills to 

students and is not relegated to teaching primarily basic skills and knowledge. 

Mastery Learning and Biology Achievement 

Studies on mastery learning have not often focused on biology, although there 

have been many studies on science, and chemistry in particular (Guskey & Pigott, 1988; 

Kulik et al., 1990a). One published study was located that examined biology at the high 

school level in the United States (Lueckemeyer & Chiappetta, 1981). The authors used a 

mastery learning strategy to teach half of the students in a six-week unit on human 

physiology at the end of the school year. In the original doctoral dissertation 
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Lueckemeyer (1979), provided more detail about the design structure and analyses. The 

"modified" method of mastery learning involved a cycle of test, corrective/enrichment, 

and retakes that took place over two class periods with a level of mastery set at 80%. 

Classes were assigned to groups that received either traditional instruction or mastery 

learning instruction. Students in the mastery learning group performed better than the 

control group in terms of statistical significance, but the effect size was small (R2 - .03). 

Results showed no statistical difference between groups in reduction of variation of 

achievement or retention. 

Lai and Biggs (1994) conducted a mixed-methods study of grade nine biology 

students in Hong Kong, although this was the last year of school for most students. In this 

study the researchers compared mastery learning classes to traditionally taught classes 

but also factored in the students' approaches to learning using the Learning Process 

Questionnaire (LPQ) normed for the population. The investigators concluded that 

mastery learning increased achievement, but was more effective with surface learners 

compared to deep learners or learners with no preference. Surface learners also had a 

more favorable attitude toward mastery learning after being exposed to it, while deep 

learners were more critical of the mastery learning approach. Only students in the 

mastery learning group were interviewed. However, the inclination toward a surface 

approach in the mastery learning group might have been dictated more by the type of 

assessments used than the use of mastery learning (Ramsden, 1992). The authors also 

recommend using higher order testing to change the direction of mastery learning toward 

a deeper learning approach (Lai & Biggs, 1994). 
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Hoenig (1996), in a master's thesis study, found that mastery learning resulted in 

increases in achievement and student affect in high school biology. The researcher did 

not use any inferential statistics and presented most of the data with bar charts, so it is 

difficult to evaluate the results. However, it was possible to calculate a Cohen's d effect 

size using the means and standards that were provided. Test scores were divided into first 

and second semester results because some students changed from a mastery teacher to a 

nonmastery teacher between semesters. Effect sizes for the first semester, d = 0.47, and 

second semester, d= 0.74, indicated the treatment possibly had a large effect, although 

the results need to be interpreted cautiously. A sample size of 137 was provided, but 

sample sizes for each group were not, so it was not possible to calculate probability. 

Another master's thesis study by Osterberg (2002) was conducted in high school 

biology classes. This study was designed to test criticisms of mastery learning, and 

Osterberg concluded that students spent less time preparing for tests and performed worse 

on the first test administration when they were aware that mastery learning approaches 

would be used. However, there were several design problems with this study. In this 

study, the same students in two separate classes took three different tests. The first test 

administration did not allow retakes, for the second test retakes were allowed but students 

were not told in advance, and in the third trial retakes were allowed but students were 

told in advance. Conclusions that students would perform worse on the first test of the 

mastery learning cycle were drawn by comparing test scores from the unit one test over 

introductory material to test scores from unit three over biochemistry concepts. 

Allowances were not made for differences in the difficulty of the material. A better 

design would have been to reverse the order of the mastery conditions for the second 
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class to equalize differences in content. Also, conclusions about preparation time for tests 

were drawn from self-report surveys that had serious attrition rates (28%). 

Researchers in several studies at the college level explored achievement gains in 

biology, some of which are pertinent to this study design. Both studies used 100% 

mastery as the criterion for formative assessments and compared diagnostic-prescriptive 

strategies similar to Bloom's mastery learning to a control group that received only 

objectives. Investigators in the first study found an increase in achievement in the 

diagnostic-prescriptive group in a two-week study of an introductory biology class 

(Yeany, Dost, & Matthews, 1980). Benson and Yeany (1986) found an increase in 

achievement for the diagnostic-prescriptive group in a three-unit study that used teacher-

made tests and accounted for pre-achievement and locus of control. Researchers in both 

studies also found no statistical differences in achievement for students with internal and 

external loci of control based on treatment. Yeany et al. (1979), however, found similar 

increases in achievement in college biology that used objectives and diagnostic testing 

without specific remediation. Several other studies found gains in biology achievement as 

part of a broader study of several courses in the college curriculum with effect sizes 

ranging from 0.26 to 0.84 (Guskey & Pigott, 1988). 

Mastery Learning and Retention 

Another positive cognitive gain that has been found in mastery learning research 

relates to retention of learning. Guskey and Gates (1985) found an average effect size of 

0.62 for retention of learned material when compared to nonmastery learning conditions. 

In elementary and secondary grade studies, Glass's A effect sizes of 0.62 and 0.51 were 

found for two and three-week studies respectively, and an effect size of 0.52 for a study 
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that retested student four months later (Guskey & Gates, 1986). Guskey and Pigott (1988) 

found a weighted average effect size of 0.55 in studies that measured retention from two 

weeks to four months after completing initial instruction. Another meta-analysis that 

studied group based mastery learning and Keller's PSI combined showed an effect size of 

0.71 when comparing mastery learning classes to control groups in terms of follow-up 

exams conducted an average of eight weeks after the conclusion of the study (Kulik et al, 

1990a). Therefore, the gains from mastery learning have been shown to have a long-term 

and lasting effect on achievement. 

Mastery Learning and Student Affect 

Student affect refers to the attitudes, interests, and values that students exhibit 

toward the subject that they are studying and the teacher (Guskey, 1997; Popham, 2009). 

According to Popham (2009) student affect can play a significant part in students' lives 

after school, but is rarely assessed or considered by teachers in the classroom. This aligns 

with the lack of overall concern with affective evaluation as opposed to cognitive 

evaluation in the history of education (Bloom et al, 1971). Despite the disregard for the 

affective domain, affect can easily be measured with a Likert-type scale, and the results 

are more useful if students can give anonymous responses (Popham, 2009). Class 

responses as a whole are more useful than individual responses, and students providing 

overly positive, teacher-pleasing responses will balance out with students providing 

retribution responses to give an overall score for a class that is fairly accurate (Popham, 

2009). 

One Likert-style inventory that has been used to assess student affect toward the 

teacher and subject matter is the Instructional Affect Assessment Instrument (IAAI) 
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(McCroskey, 1994). Using this instrument, McCroskey and others identified many other 

classroom factors that can influence student affect toward teacher and content. Several of 

these factors that can influence student affect have been connected to teacher behavior. 

Chesebro and McCroskey (2001) found state receiver apprehension resulted in a decrease 

in student affect for the teacher and course, while teachers who were clear and practiced 

immediate teaching behaviors lowered receiver apprehension and improved student 

affect. Receiver apprehension was defined as the anxiety resulting from possibly not 

being able to understand or process a message sent by another individual. The teacher 

communication qualities of clarity, immediacy, assertiveness, and responsiveness 

resulted in strong positive correlations with high student motivation and affect for the 

teacher and course content (McCroskey, Richmond, & Bennett, 2006). Teacher 

misbehaviors, classified as indolence, incompetence, and offensiveness, increasingly 

lowered student affect in that order (Banfield, Richmond, & McCroskey, 2006). 

Student outlook can also influence affect toward teacher and content. Based on a 

business model for classifying workers, college students were classified as upwardly 

mobile, ambivalent, or indifferent (Tibbies, Richmond, McCroskey, & Weber, 2008). 

Upwardly mobile students are students that seek success in school and identify with the 

procedures and policies of school. Indifferent students see school as a means to an end 

but see their lives as separate from school, and ambivalent students are intelligent 

introverts with specialty interests that do not work well with authority. Students classified 

as indifferent or ambivalent tended to have negative correlations with affect for both 

teacher and content, while upward mobile students had positive affects. 
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Many different studies of mastery learning have included student affect as 

primary or secondary measures. Research has been conducted that demonstrates that 

students like mastery learning. Geeslin (1984) conducted a survey of 1,013 students 

across grade levels and subjects and concluded that most students viewed mastery 

learning favorably. Students were asked by their teachers to write about their feelings 

concerning the way a mastery learning unit had been taught. Student responses were 

coded by the investigator and classified as liked, disliked, or uncertain. The researcher 

used chi square tests to indicate that results were unlikely to have occurred by chance. 

Other measures of student affect have also been used to explore how the use of 

mastery learning influences students' feelings toward the class, teacher, and subject 

matter. In Guskey and Gates (1985) synthesis of research, Glass's A effect sizes were 

found that ranged from 0.11 to 0.53, which indicated positive results from the use of 

mastery learning on student affect, although these effects were smaller than those 

obtained in achievement. These effect sizes were not averaged due to the wide range of 

instruments used to measure affect, but positive results were obtained for student feeling 

toward subject matter, abilities in the subject, subject importance, and personal 

responsibility for learning. The authors cautioned that, because of the limited duration of 

these studies, these scores might increase in longer studies due to the tendency of student 

affect to not change over short periods of time or possibly decrease if the effect sizes 

were due to the Hawthorne effect. 

Guskey and Pigott (1988) also found positive affect sizes in 13 studies that 

included affect measurements toward subject, importance of subject, school, academic 

self-concept, grade expectations, and attributions for learning outcomes. Weighted 
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average effect sizes ranged from 0.10 to 1.33. Overall, students in mastery learning 

groups liked the subject matter more and felt it was more important, and felt they were 

more capable in that subject. Students in mastery learning classrooms also felt that they 

were more responsible for their learning. In a mixture of PSI and group-based mastery 

learning, attitude toward the instructional method yielded a net effect size of 0.63 in 18 

studies (Kulik et al, 1990a). Attitude toward subject matter improved with an average 

effect size of 0.40. Students exposed to mastery learning tended to have more positive 

student affect in terms of the instruction they received and the content in the course than 

students in classes taught in a traditional manner. 

The meta-analysis on repeated testing (Bangert-Drowns et al., 1991) also had 

important implications toward student affect. The attitude toward instruction increased 

with more frequent testing (0.59), but only four studies measured this aspect of student 

affect. It is possible that improved student affect in mastery learning studies is a by

product of frequent testing because both analyses show moderate positive effect sizes. 

The limited number of studies on student affect involved in all the meta-analyses 

discussed so far indicates the need for more research in the area. 

The gender of the student can be a contributing factor to student affect and both 

factors might also interact with student achievement. Clark et al. (1983) conducted 

research to show that mastery learning courses in undergraduate classes would produce 

increased achievement and motivation. They found that students exposed to mastery 

learning achieved statistically significant higher scores on final examinations and course 

grades as well as having fewer absences than the traditional, non-mastery learning class. 

Several pretest measures were also used and analyzed, and it was determined that in the 
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traditional non-mastery classes gender and academic self-concept were strongly 

correlated with final grades, but in the mastery learning classes these correlations 

disappeared. Thus, as instruction became more effective, final achievement in the class 

was determined less by the students' incoming aptitude and attitudes toward education. 

The researchers stressed the importance of individualizing instruction as an important 

skill for teachers that the mastery learning group received but the traditional lecture group 

did not. 

In the Clark et al. (1983) study the independent variable was whether or not the 

students received mastery learning style instruction or traditional lecture instruction. In an 

attempt to further investigate the influence of incoming student characteristics a measure 

of academic self-concept and an instrument that measured student affect were 

administered to students and used as independent variables. The pretest achievement 

scores and gender of students were also examined as independent variables. The 

dependent variables were student achievement as measured by higher scores on final 

examination and higher grades in the class, and motivation as measured by attendance. 

Although the authors referenced the studies from which they drew the tests for 

student affect toward education and academic self-concept, there was no mention of 

validity or reliability for the tests (Clark et al., 1983). There was also no mention of 

reliability or validity for the pretest, or the final examination used to measure student 

achievement. The sample size was large enough for the study, but out of 192 

undergraduate students only 55 were assigned to the experimental group. This imbalance 

means that although there were two instructors teaching the experimental group, there 
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were limited chances for students to enroll in the experimental group. This could possibly 

have limited the randomness of the samples. 

Correctives in Mastery Learning 

The idea of correctives is connected to the modern day instructional strategy of 

differentiation (Guskey, 2007b). L. W. Anderson (1975) identified the primary goal of 

mastery learning as teaching to the whole group in a specific time period and still 

providing individualized instruction as needed. Correctives are specific remediation 

activities that further explain and clarify instruction and are different from the initial 

instruction presented in class in terms of how the concepts were presented (Block & 

Anderson, 1975). Correctives should be effective in improving performance and might 

incorporate different learning styles, learning modalities, or forms of intelligence 

(Guskey, 1997). 

Correctives can also be differentiated based on topic, so students who mastered 

different sections of content can receive different correctives. Differentiation is a way of 

matching instruction to the students' individual readiness level, interests and learning 

styles by varying the content, process, or product (Levy, 2008; Tomlinson, 2004). 

Correctives tend to be aligned with readiness level and vary by content, although process 

and product also vary when compared to the original classroom instruction. Student 

interest plays a part in both correctives and differentiation, and it is important that 

teachers remember that students work best when the curriculum and their interests match 

(Tomlinson, 2000). Differentiation works best when the teacher guides the student to take 

more responsibility for their learning (Tomlinson, 2004). Effective ways to differentiate 

the product are to use tests, verbal tests, projects, journals, demonstrations, reports, oral 
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reports, skits, observations, experiments, graphic organizers, multimedia formats, or 

portfolios depending on the students ability, learning style or interest (Allison & Rehm, 

2007; Anderson, K. M., 2007; Friend & Pope, 2005; Levy, 2008; Nordlund, 2003). These 

align with the many of the suggestions of Guskey (1997) for correctives and formative 

assessments in mastery learning. Differentiation and mastery learning help meet the 

needs of academically diverse learners in a standardized environment (Tomlinson, 2000). 

Correctives have certain qualifications that need to be met. These qualities have 

become more specific in terms of what is necessary to fix deficiencies in student 

understanding. Bloom (1968) originally recommended small study groups where students 

met outside of class to review the original formative assessments and help each other 

overcome recognized weaknesses. He also suggested various learning resources that 

included rereading of original instructional materials, alternate textbooks and 

instructional materials, workbooks and programmed texts, and selected audio-visual 

materials. 

Block and Anderson (1975) coined the term "corrective" and introduced the key 

idea that correctives must teach the same material that was originally taught to the whole 

group, but should be presented to or involve the student in a different way. Block and 

Anderson had two categories for correctives and classified them as either individual or 

group directed and as alternate ways of either presenting or involving students. They also 

presented a more exhaustive list of corrective resources including alternate textbooks, 

workbooks, flashcards, reteaching, audio-visual materials, token economies, academic 

games, group affective exercises, programmed instruction, tutoring, and small group 
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study sessions. Instructions for creating correctives from scratch were also included in 

their guidelines. 

Guskey (1997) presented three essential characteristics of corrective activities. 

Correctives must present the concepts differently than originally presented, involve 

students in learning in different ways, and provide students with successful learning. The 

first two corresponded with Block and Anderson's (1975) recommendation, but are stated 

separately to stress that changes in both presentation and involvement should take place. 

The last requirement was subtler, but just as important, as it spelled out the need for the 

corrective to be a method for a student to reach a specific learning goal (Black & Wiliam, 

1998/2010). Guskey (1997; 2007b) also presented a list similar to Block and Anderson's 

(1975) but added peer tutoring, cooperative teams, learning kits, learning centers and 

laboratories, and computer activities, which were not common in 1975. 

Block and Anderson (1975) recommended different types of correctives for 

different groups. Small-group study sessions were suggested for their flexibility at all age 

levels. They also recommended that individual correctives be used for older students as 

opposed to younger students. Involvement correctives were identified as more popular 

and engaging than presentation correctives. More than likely this was due to the tendency 

for teachers to teach whole groups with a teacher-centered style, so students were more 

likely to become engaged with a corrective in which they were more active. However, 

these recommendations were based on the observations of the authors, and did not 

provide a research-based approach to determine what types of correctives were most 

likely to produce success. If mastery learning is to be used as an effective instructional 

tool, then teachers need to know what corrective activities are likely to be the most 
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effective for their students in different situations. In the present study, correctives were 

designed using research-based evidence that supported increased achievement. 

Tutoring 

Bloom (1984) originally recognized the effectiveness of individual tutoring and 

proposed mastery learning as a method to approach the effectiveness of individual 

tutoring in a group setting. Tutoring as a primary instructional method is prohibitive due 

to cost and resources, but can still be incorporated into instruction on a limited scale. 

Once students in need have been identified using formative assessments, individual 

tutoring becomes more feasible. Tutoring was found most effective when used in a 

structured program, for short periods of time (0-4 weeks), to correct lower level skills, 

and is most helpful in mathematics (Cohen, Kulik, & Kulik, 1982). 

Older students can be used to increase the number of tutors available in the 

classroom. Topping and Bryce (2004) paired 11-year-old tutors with 7-year-old tutees to 

determine the effect of cross-age tutoring on thinking skills. Students incorporated 

tutoring in the paired-thinking group and were compared to a control group of students 

involved in a peer reading program. Researchers in this study effectively isolated the 

tutoring aspect since they equalized the interactions of the peers and the time on task 

between the paired-thinking and the peer-reading groups. The tutored students from the 

paired-thinking group in this experiment showed significant improvement in thinking 

skills compared to the students involved in the peer-reading group. The tutors in the 

paired-thinking group received a short training on tutoring and some guidance from 

coaches during their sessions. 
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For successful tutoring to take place in the classroom, it is important to train 

student tutors. Medcalf, Glynn, and Moore (2004) trained their writing cross-age peer 

tutors for three 45-minute sessions on specific behaviors that were expected from the 

tutors. The training incorporated discussions, practice in tutoring skills, practice in 

proofreading and writing strategies, role-playing with the instructor, and three feedback 

sessions during their first two weeks of tutoring. With this amount of training cross-age 

tutors were able to produce gains in writing output, punctuation and spelling accuracy, 

and audience ratings of enjoyment and clarity compared to a control group that received 

regular class instruction without tutoring. In addition, both the tutors' and the tutees' 

enjoyment of writing increased. The tutors' writing ability did not decrease in most 

measures and increased in some (punctuation and spelling) when comparing pre- and 

post-measures. This indicated that tutors also receive benefits from the experience and 

their achievement did not suffer from loss of class time. The key to implementing peer 

tutoring, whether same-age or cross-age, is to develop a program that is successful in 

producing positive changes in the tutees while still being straightforward enough to 

implement within the school (Medcalf et al., 2004). 

Using students within the classroom is another strategy to increase the tutoring 

force that is available to students. One strategy for implementing peer tutoring within the 

classroom is Total Class Peer Tutoring (Lo & Cartledge, 2004). Total Class Peer 

Tutoring includes training in specific procedures for the tutors such as the tutor huddle, 

prompting and praising, and testing and charting. The Total Class Peer Tutoring strategy 

allows for multiple opportunities for engagement with the material and practice in its use, 

and has been used successfully to increase achievement in social studies and several 
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aspects of reading in low-achieving urban populations (Kourea, Cartledge, & Musti-Rao, 

2007; Lo & Cartledge, 2004). 

The review of research by Cohen et al. (1982) and similar research on tutoring 

(Kourea et al., 2007; Lo & Cartledge, 2004; Medcalf et al., 2004; Topping & Bryce, 

2004) indicated that, for peer tutoring to effect gains in achievement, student tutors need 

to be trained before they are used in the classroom. Successful use of peer tutoring needs 

to involve some form of training for the tutor and continued supervision and instruction 

by a teacher experienced with tutoring methods. This needs to be a consideration before 

teachers use peer tutoring as a corrective. Teachers should not simply pair students and 

direct the older or more proficient student to help the other student complete a task. Peer 

tutoring needs to be a regular part of classroom instruction, and potential tutors need to be 

trained in the proper techniques before it is used in the corrective phase. Combining 

tutoring with other correctives, such as workbooks or hands-on materials, provides a task 

for the tutor and tutee to work on together as well as changing the presentation of the 

material. Teachers should also consider allowing students to choose peer tutoring as an 

option and choose their partners to avoid nonproductive pairings (Guskey, 2007b). 

Grouping Students 

Instead of working one-on-one with each other, students may also be placed in 

small groups within the class. Forming small groups within the class has been shown to 

be effective for promoting student learning and works best when students are physically 

grouped into small units of three to four members, teachers are trained in grouping 

strategies, and when materials and instruction are adapted for small groups (Lou, Abrami, 

Spence, et al., 1996). The effects are most pronounced in large classes and in the subjects 
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of math and science. Using cooperative learning strategies also assists the learning of 

students. 

Cooperative learning is a more specific application of within-class groupings that 

contains certain conditions for the members of the group and can take many forms. 

Slavin (1991) recommended Student Team Learning, variations, Jigsaw, Learning 

Together, and Group Investigation. In a meta-analysis of cooperative learning research, 

Johnson, Johnson, and Stanne (2000) found positive effect sizes for eight different 

cooperative learning methods. While all of these methods are excellent for the initial 

whole group instruction, in application they tend to be too broad for the corrective phase 

of mastery learning. However, two key aspects of these cooperative learning techniques 

have been identified as necessary components of cooperative learning. Students working 

in cooperative groups need to have group goals and individual accountability (Slavin, 

1991). Cooperative teams need to have a concrete goal towards which they are working 

and that goal can only be considered reached when every individual member of the group 

has met the goal. Students should also receive a group reward or recognition when the 

goal is reached. When using cooperative learning as an organizational approach to 

correctives, teachers should make sure that they incorporate group goals and individual 

accountability in the presentation and arrangement of groups. 

Teachers should also consider classroom management techniques when grouping 

students. Classroom management was considered a vital component of training teachers 

to use correctives effectively in the classroom (Fitzpatrick, 1985). Students should be 

encouraged to speak at low levels and ask other students for help before asking the 
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teacher, which can be encouraged with phrases such as "six-inch voices" and "ask three 

before me" (Pierce & Adams, 2004, p. 60). 

Grouping or pairing students with other students or adults provides teachers with 

alternate strategies for involving the students in learning, but there also needs to be 

variety in the presentation of the material (Guskey, 1997). Workbooks, textbooks, and the 

Internet are a good source for alternate materials that can be used to present the 

information differently to students (Block & Anderson, 1975; Guskey, 1997). However, 

some activities will work better than others. Which type of activity works best might 

depend on the age of the students, the subject matter, and the composition of the 

classroom. Teachers can use a trial and error approach to determine what works and what 

does not, but there are some forms of instruction that are supported by research and 

should be primary considerations. 

Technology Correctives 

The use of technology, such as hypermedia, games, and online content, provides a 

viable and engaging alternative to paper and pencil activities, but should not be applied as 

a corrective without careful consideration. Students need guidance towards activities that 

have meaningful learning goals and some technology works best in certain situations and 

with certain groups of students. 

Hypermedia includes searches with the World Wide Web, hypertext, and isolated 

non-internet programs. Dillon and Gabbard (1998) had several recommendations for the 

appropriate times to use hypermedia for instruction. Hypermedia was most suitable for 

searching through large amounts of information and when comparing or manipulating 

discrete pieces of information. It worked best with higher ability students and students 
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with a willingness to explore. This indicated that hypermedia might be best applied for 

enrichment activities as opposed to correctives. Using computer technology was more 

effective with small groups than individually (Lou, Abrami, & d'Apollonia, 1996). These 

effects were more pronounced when students had experience with group work, 

cooperative learning strategies were used, and groups consisted of two members. The 

most effective types of computer technology for small groups were tutorials, practice 

software, or programming languages within the context of social sciences, computer 

skills and social studies. The students that received the most benefit tended to be either 

low or high ability students. Students of middle ability showed the least benefit from 

using computer technology in small groups. 

Digital educational games are abundant and useful presentations of material that 

involve students in learning a different way and are likely to engage learners. Teachers 

should consider several factors when choosing a digital game. Hong, Cheng, Hwang, 

Lee, and Chang (2009) developed an instrument that evaluated games based on their 

ability to produce a change in mentality, emotional fulfillment, knowledge enhancement, 

develop thinking skills, interpersonal skills, spatial ability development, and bodily 

coordination. Using such a tool provides a well-rounded assessment of games and is 

available for use in the published article. Current uses of video games involve rich 

storylines, role-play, interactive environments, and even allow teachers and students to 

create their own games with a drag-and-drop format (Annetta, 2008). Garris, Ahlers, and 

Driskell (2002) recognized the duality of play and work and how that creates a fine line 

that must be walked when creating an educational game. They have identified correctly 

the challenge of creating games that meet instructional goals that does not remove 
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enjoyable aspects of gaming so players can be drawn into the "gaming cycle" that 

involves sustainable and self-determined interest in the game (Garris et al., 2002, p. 459). 

Future uses of games that might address this problem include haptics (sensory touch 

feedback), textbook replacement, distance education, and virtual school (Annetta, 2008). 

Paper-Based Correctives 

The more traditional paper-based assignments can also be used for correctives. 

Concept maps have been found to be beneficial across age levels and subject areas for 

increased learning (Nesbit & Adescope, 2006). As a study tool, concept maps have been 

found to be superior to text passages, lists, and outlines, especially for central ideas. 

Concept maps that are preconstructed and filled in by the student work better for 

individual learning and for students with low verbal skills. Students can also construct 

their own concept maps individually or in small groups, but this strategy only showed a 

slight improvement over other involvement activities such as when a student creates their 

own summaries or outlines. 

Flashcards are another common study tool that can be used for correctives. 

Flashcards naturally incorporate spaced practice and testing, which support efficient 

learning and metacognitive monitoring (Kornell & Bjork, 2008). The student or the 

teacher can create flashcards, which can contain text, pictures, or both and can be used 

individually or in pairs. Digital forms of flashcards are also available online and can be 

tailor-made to meet the needs of an individual course or student. When using flashcards, 

students should be encouraged to consistently use the whole set for studying, as dropping 

items that they feel they have mastered is not an effective strategy (Kornell & Bjork, 

2008). Students frequently make poor decisions about when to stop studying a concept, 
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and dropping cards results in smaller amounts of material that decreases the benefits of 

spaced practice that is an inherent benefit of flashcards. 

Other specific presentational materials will differ depending on the subject matter, 

age, of the students, and the setting. Possible choices include alternate textbooks, 

workbooks, audio-visual materials, academic games, programmed instruction, and 

learning kits (Block & Anderson, 1975; Guskey, 1997; Guskey, 2007b). Determining 

which methods are preferable is an individual choice of the teacher. When choosing or 

designing particular corrective activities the teacher should make sure that the 

assignments align with the leaning goals, but should also look for instructional techniques 

that are particularly effective for increasing knowledge. Techniques that show the 

greatest effect sizes that are applicable for correctives are ones that have students create 

analogies between known and new content, focus on vocabulary, interact with 

manipulatives including computer simulations, use graphic representations, and take 

notes (Marzano & Educational Resources Information Center (U.S.), 1998). 

Summary 

Meta-analyses (Guskey & Pigott, 1988; Kulik et al., 1990a) have provided 

important summaries of the huge amount of research on mastery learning that was 

available at the time. This kind of empirical support for mastery learning as a systematic 

method of using formative assessment is encouraging for practical application. The 

moderate effect size means that the strategy is worth pursuing, or at least reexamining in 

light of new cognitive theories and instructional methodology. The other studies in the 

review indicated similar positive results that supported the use of mastery learning. 

Instruction has changed significantly in the past 20 years, but the underlying technique of 
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group based mastery learning is still viable: a supportive, student-centered approach that 

can be applied in a number of different ways to achieve positive effects for students. 

At the time of the Kulik et al. (1990a) article, other meta-analyses of educational 

strategies showed lower effect sizes: peer- and cross-age tutoring (0.40), computer-based 

teaching (0.35), and programmed texts (0.15). Compared to these studies, two of which 

seem highly prescriptive or reductive in nature for teachers, mastery learning is a strategy 

that produces significant changes in many aspects of a student's education and still 

allows for teacher determination of instruction. Other studies (Mevarech & Susak, 1993; 

Senemoglu & Fogelman, 1995) showed that mastery learning could be used in 

conjunction with other instructional techniques and increase achievement even further. 

It is also important that mastery learning is still being studied and recommended as 

effective for increasing achievement, especially in science. Wambugu and Changeiywo 

(2008) examined Kenyan secondary physics students exposed to mastery learning 

compared to traditional instruction. The researchers used Solomon's four non-equivalent 

control group design. Students exposed to mastery learning showed significantly higher 

achievement scores than students taught with the normal instructional methods. The 

positive effects of mastery learning in other countries and cultures indicate that the 

research is generalizable. Mastery learning is still being used and researched, which 

indicates that it is not an antiquated notion and should continue to be researched and 

refined (Guskey, 2007a; Wambugu & Changeiywo, 2008; Zimmerman & Dibenedetto, 

2008). 

Several gaps and deficiencies still exist concerning research with mastery 

learning, and these gaps have yet to be addressed adequately. One of the difficulties in 
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mastery learning research identified by researchers was that the actual treatments used in 

the mastery learning groups were poorly defined, and that the actual quality and nature of 

correctives were not specified (Guskey & Gates, 1985,1986; Guskey & Pigott, 1988). 

Another area for further research is how enrichment can be used effectively as part of 

mastery learning and if providing enrichment opportunities can be implemented in an 

efficient fashion (Guskey & Gates, 1985, 1986; Guskey & Pigott, 1988). Guskey and 

Pigott (1988) indicated a need for long-term retention studies that take place over several 

months up to a year. Researchers also indicated the need for studies that measured affect 

over extended periods of time (Guskey & Pigott, 1988). Better constructed research 

where the mastery and control classes are held to the same standards and objectives and 

in which instructional time is controlled between mastery and nonmastery groups is 

necessary (Guskey & Pigott, 1988). Studies are also needed to explore ways "to enhance 

the mastery learning process to yield even better results" (Guskey & Pigott, 1988, p. 

214). This study seeks to address these issues and provide more accurate and detailed 

evidence concerning the outcomes of mastery learning. 

Mastery learning has been attributed with two positive outcomes; it results in 

gains in achievement and improved student affect. If individualized correctives are a key 

component of the process, then removing that aspect of mastery learning will result in a 

lack of gains in those two areas. Because individualized correctives are so time 

consuming to create and use valuable class time to implement, it is important to establish 

that they are worth the effort. Based on the literature, teachers should be using mastery 

learning in the classroom, but as an intact and complete instructional strategy it is not 

commonplace (Guskey, 2010). A core concern of teachers is the amount of time it takes 



to create or find the materials to put mastery learning into practice. If teachers are to 

convinced to use mastery learning as it is defined, then they must have quantitative 

evidence that individualized correctives are an essential part of the process. 



CHAPTER 3 

RESEARCH DESIGN AND METHODOLOGY 

Group-based mastery learning involves a four-step process (Guskey, 2007a). In 

the first phase students learn the material in class from a variety of teaching methods. In 

the next stage, the students are formatively assessed on the learning targets for that unit. 

This first test is a formative assessment that provides feedback to the student about 

specific content on the test where performance was below the expected levels of mastery. 

This feedback can be used to assign corrective activities that address deficiencies in 

knowledge or skills (Guskey, 1997). In the third stage of the process, the students work 

on correctives or enrichment based on the results of the first test. Correctives are 

assignments that present the material to the students in a different way from when they 

learned the material during the initial group instruction, and enrichment activities are 

engaging activities provided only to students that have mastered all of the learning 

objectives on the formative test (Block, 1977, 1980; Guskey, 1997). In the final step of 

the process the students are tested again to show growth. The second test motivates the 

student by providing a second chance for success and gives the teacher a chance to 

determine if the correctives were helpful (Guskey, 2007a). 

I used a quantitative approach to examine the effect of correctives on student 

learning of biology and student affect toward biology as a subject and the teacher. 

Student achievement was determined using a teacher-created biology exam. Student 

affect was determined using a Likert scale instrument designed to measure student affect 

83 
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toward subject matter and instructor. Depending on whether the students received 

individualized correctives or a general study guide, the difference on student achievement 

and affect on these three instruments indicated the effect of correctives on student 

learning and feelings toward the content and the teacher of the biology class. 

In the following section I delineate the research problem, research questions, and 

hypotheses. I explain the research design including the methods used to randomly assign 

participants into groups. I describe the setting and the sample and population and how 

they are situated within that setting. In addition, I define the data collection methods and 

all instruments used in the study. Finally, I outline the data analysis methods including 

statistical assumptions. 

Problem and Purposes Overview 

Researchers who reported gains in achievement from mastery learning have not 

been able to identify the specific aspects of mastery learning that were the causal factors 

in those gains (Fuchs et al., 1986; Ironsmith & Eppler, 2007; Livingston & Gentile, 

1996). Likewise, Clark et al. (1983) mentioned increases in motivation, but there was no 

indication of what aspect of mastery learning could cause those increases. Increased 

testing had been shown not to increase achievement (Bangert-Drowns et al., 1991). Some 

of these researchers suggested individualized instruction that students received as a result 

of data driven corrective activities as the key aspect of mastery learning that could have 

caused the changes in achievement or motivation (Clark et al., 1983; Mevarech, 1985). 

The purpose of the study was to try to pinpoint if the corrective and enrichment 

phase of mastery learning resulted in increases in achievement and student affect. The use 

of differentiated corrective activities is a likely area to investigate for causation (Clark et 
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al., 1983; Mevarech, 1985). If teachers are to implement mastery learning in the 

classroom, it is important to establish that individualized correctives are worth the time 

and effort that it takes to design and use as part of instruction (Arlin, 1982). Mastery 

learning is still being studied and recommended as effective for increasing achievement 

(Guskey, 2007a; Wambugu & Changeiywo, 2008; Zimmerman & Dibenedetto, 2008). 

Guskey (2007b, 2010) recommended the implementation of mastery learning to decrease 

achievement gaps in students with different racial, ethnic, and socioeconomic 

backgrounds and in the RTI process. Mastery learning is still being used, recommended, 

and researched, which indicates that it is a current and relevant topic and should continue 

to be researched and refined. 

If it can be established that the individualized corrective activities create 

achievement gains, then it will encourage teachers to use and refine this aspect of mastery 

learning. In a broader sense, how teachers use formative assessment data to adjust 

teaching and learning is related to the specific strategy of mastery learning. While the 

results of this study should not be generalized to such a broad scope, the results might 

implicate further study in the realm of formative assessment and instructional 

interventions. Although the positive effects of formative assessment are generally 

accepted in education, much of the research has flaws or limitations and further 

investigation is required to determine the full influence of formative assessment on 

student achievement (Dunn & Mulvenon, 2009). 

While there has been adequate research on student achievement and affect 

through the use of mastery learning techniques, there are several areas where research 

was lacking and criticisms have not been addressed. Studies on student affect have not 
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been as popular as studies on achievement (Guskey & Gates, 1985, 1986; Guskey & 

Pigott, 1988; Kulik, et al, 1990a). This aligns with the lack of overall concern with 

affective evaluation as opposed to cognitive evaluation in the history of education 

(Bloom et al, 1971). Another issue is time. Creating individualized correctives is a time 

consuming process for teachers (Arlin, 1982). Also, using correctives during instruction 

utilizes valuable classroom time and is more difficult for teachers to implement. Research 

to this point, with few exceptions, has been confined to quasi-experimental approaches 

that compare mastery learning classrooms to non-mastery learning classrooms. Using this 

design method it was difficult for researchers to control the time differences between the 

two groups; therefore, gains in achievement could easily be ascribed to an increased 

amount of time spent learning as opposed to the mastery learning cycle (Arlin, 1984a, 

1984b; Arlin & Webster, 1983). By focusing on the use of individualized correctives in 

mastery learning, a random assignment approach was used to identify the effects on 

student achievement and student affect toward the content and the teacher. A design that 

isolated the use of individualized correctives as part of mastery learning has never been 

researched, and the results can be used to explore serious time concerns with mastery 

learning that can be used to adjust implementation and increase the likelihood of use by 

teachers in the classroom. 

Research Questions 

There were four research questions for this study. The first research question was 

the omnibus question that addressed if there was a difference between the individualized 

corrective group and control group for all three measures. The three research questions 

that follow address if there was a difference between groups on each measure separately. 



87 

1. Is there a statistically significant difference in the student achievement on teacher 

created assessments, student affect toward content, and student affect toward 

teacher of high school biology students who receive individualized correctives as 

part of mastery learning compared to students who do not receive individualized 

correctives when controlling for gender? 

2. Is there a statistically significant difference in the student achievement on teacher 

created assessments of high school biology students who receive individualized 

correctives as part of mastery learning compared to students who do not receive 

individualized correctives when controlling for gender? 

3. Is there a statistically significant difference in the student affect toward content of 

high school biology students who receive individualized correctives as part of 

mastery learning compared to students who do not receive individualized 

correctives when controlling for gender? 

4. Is there a statistically significant difference in the student affect toward the 

teacher of high school biology students who receive individualized correctives as 

part of mastery learning compared to students who do not receive individualized 

correctives when controlling for gender? 

Hypotheses 

There were four hypotheses for this study. The first was the omnibus hypothesis 

and null hypothesis that addressed if there was a difference between the individualized 

corrective group and control group for all three measures. Three separate hypotheses and 

null hypotheses addressed if there was a difference between groups on each measure 

independently. 
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1. For juniors in a general-level biology class at a city high school in the southeast 

United States, the group that receives individualized correctives will have higher 

achievement on teacher-made tests, student affect toward content, and student 

affect toward teacher than students that do not receive individualized correctives 

as part of the mastery learning cycle of assessment. The null hypothesis is that 

there is no difference between the correctives group and the non-correctives group 

in terms of achievement on teacher-made tests, student affect toward content, and 

student affect toward teacher. 

2. For juniors in a general-level biology class at a city high school in the southeast 

United States, the group that receives individualized correctives will have higher 

achievement on teacher-made tests than students that do not receive 

individualized correctives as part of the mastery learning cycle of assessment. The 

null hypothesis is that there is no difference between the correctives group and the 

non-correctives group in terms of achievement on teacher-made tests. 

3. For juniors in a general-level biology class at a city high school in the southeast 

United States, the group that receives individualized correctives will have a more 

positive student affect toward content than students that do not receive 

individualized correctives as part of the mastery learning cycle of assessment. The 

null hypothesis is that there is no difference between the correctives group and the 

non-correctives group in terms of student affect toward content. 

4. For juniors in a general-level biology class at a city high school in the southeast 

United States, the group that receives individualized correctives will have a more 

positive student affect toward the teacher than students that do not receive 
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individualized correctives as part of the mastery learning cycle of assessment. The 

null hypothesis is that there is no difference between the correctives group and the 

non-correctives group in terms of student affect toward teacher. 

Research Design and Approach 

An experimental pretest-posttest with control group design was used to examine 

the effect of individualized correctives on student achievement and affect in high school 

biology (Shadish, Cook & Campbell, 2002). The control and treatment groups consisted 

of high school juniors at a public high school in the southeastern United States. Both 

groups were pretested for student affect towards content and teacher as well as content 

knowledge using a teacher created assessment at the beginning of the unit. The control 

group received a modified version of mastery learning that included a general study guide 

instead of individualized correctives and enrichment. The experimental group was taught 

a unit of biology using mastery learning techniques including individualized correctives 

and enrichment. At the conclusion of the treatment, both groups were measured for 

student achievement in biology using the same teacher-made test and measure of student 

affect. 

The independent variable in this design was the use of individualized correctives 

and enrichment as part of mastery learning. Gender was used as a control variable to 

address student affect issues that research suggested might be more pronounced in 

females than males. The Clark et al. (1983) study showed that affective influences on 

achievement are influenced by gender, but that these affective influences on achievement 

fade as students are exposed to mastery learning. The design used was an experimental 

pretest-posttest with control group (Shadish et al., 2002), diagrammed as 
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0 R X O 

OR O 

where X represents the use of individualized correctives and enrichment during mastery 

learning, R represents the randomization of participants, and O represents the teacher 

created exam and measures of student affect. 

Setting and Sample 

The study population consisted of third-year general-level high school biology 

students enrolled in public schools in the southeastern United States. Approval to conduct 

the study was obtained from the Mercer Institutional Review Board for research 

Involving Human Subjects (HI 105104) (see Appendix B). Subjects in this design were 

99 high school juniors in five sections of heterogeneous biology classes at a Southeastern 

high school in a community school system. Students in this population had been 

previously exposed to mastery learning strategies, especially in their previous science 

classes, physics and chemistry. Students were enrolled in sections of biology based on 

openings in the class and availability in the individual schedules based on enrollment in 

elective courses and positioning of the courses in the master schedule. Students enrolled 

in Advanced Placement (AP) Biology were not enrolled in any of the heterogeneous 

biology courses, so the sample was truly representative of the entire population as many 

of the gifted-labeled and science-proficient students were not available to sample. The 

researcher was a member of the faculty of the aforementioned high school and chose the 

school as the setting of the study. The researcher taught four of the five classes. The fifth 

class was taught by another teacher who followed the same plans as the researcher for all 

of the classes in the unit. 
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Sensitivity tests were conducting using the G*Power software for Apple 

Macintosh for both analyses (Buchner, Faul, & Erdfelder, 2007). G*Power can be used to 

compute a priori, post hoc, and compromise power analyses that are accurate up to up to 

five significant digits, except in situations that involve extreme input parameters 

(Erdfelder, Faul, & Buchner, 1996). A priori analyses are done before a study takes place 

and provide information to control Type I error probability (a) and Type II error 

probability (P) by calculating the necessary sample size to detect a specific effect size 

(Mayr, Erdfelder, Buchner, & Faul, 2007). Since P is controlled for, the power (1- (3) is 

also controlled in the calculation. G*Power 3 improved on the programming of G*Power 

2 in five areas, one of which was the inclusion of sensitivity analyses and criterion 

analyses (Faul, Erdfelder, Lang, & Buchner, 2007). According to the authors, the 

sensitivity test may be used before a study to determine if a realistic effect size can be 

detected based on a limited sample size. Since effect size could not be accurately 

estimated for this study, sensitivity analyses were used instead of a priori analyses to 

determine the relationship between effect size and sample size as shown in Figure 1 and 

Figure 2. 

Type I error is the probability of incorrectly rejecting the null hypothesis when it 

is true, or when a genuine effect in the population is detected when one does not exist, 

also called a false positive (Field, 2009; Mayr et al., 2007). A Type II error occurs when a 

null hypothesis is not rejected when it is false, or when no effect is detected for the 

population when there is one, also called a false negative (Field, 2009; Mayr et al., 2007). 

Power is the probability of rejecting the null hypothesis when it is, in fact, false, or the 
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Figure 1. Sensitivity test for repeated measures MANOVA with within-between 
interactions. Power analysis was performed using two groups and three measurements, 
w i t h  a  =  . 0 5  a n d  1 - =  . 8 0 .  
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Figure 2. Sensitivity test for ANCOVA, which was run on the unit test, affect for content, 
and affect for teacher while controlling for gender. Power analysis was performed using 
two groups with a = .05 and 1- (5 = .80. 



93 

ability to detect an effect of a particular size (Field, 2009; Mayr et al., 2007). Field (2009) 

recommended a = .05 and 1-13 = .80, and these statistics were used in all power analyses. 

Based on the literature review, mastery learning results in a medium effect size, so a 

sample size of 100 should have been sufficient for this study. Figure 1 and Figure 2 

illustrate the diminishing return on sample sizes larger than 100 for detecting smaller 

effect sizes. The available population of students not taking AP biology at this high 

school was only around 120 individuals. 

Treatment 

At the beginning of the semester, students were given a course syllabus that 

included course objectives and a unit outline that defined the material covered in each 

unit. The testing procedure was also reviewed at that time. Students in each class were 

told how the formative and summative assessment process would work for them. During 

the first week of class each group took a teacher-made, multiple-choice pretest based on 

the information that would be covered in the first unit. This measurement is referred to in 

this study as the unit test. Students were also given a questionnaire designed to measure 

student affect toward content and teacher as a pretest, the Instructional Affect Assessment 

Instrument (IAAI) (McCroskey, 1994). These measures were used to determine that there 

was no statistical difference between groups and to provide a baseline to measure growth 

in both groups. 

Students were randomly selected from the sample by the researcher and placed 

into either the control or experimental groups. This methodology was possible because all 

of the students, as a natural feature of mastery learning, are normally assigned different 

tasks after each formative test. Students in each class were placed on a master list and 
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numbered, and then a random number generator was used to choose 51 out of the 101 

original individuals to place in the experimental group. No restrictions were placed on 

class section, so there were different numbers of students in each group for each of the 

five classes. All five sections of biology contained members of both the control and 

experimental groups. Students were not told what group they were in or that there were 

two different groups of students. The teachers were aware of groupings so the appropriate 

interventions could be administered after each formative test. 

The experimental group, the individualized corrective group, received 

differentiated correctives and enrichment based on their performance on the first 

formative assessment. The control group, the general study guide group, instead received 

a non-individualized study guide regardless of their performance on the first formative 

assessment. The study guide was a general review of all of the topics on the test instead 

of individualized correctives that address specific learning deficiencies (see Appendix H). 

The use of a generalized study guide for the control group eliminated the aspect of time-

on-task differences between the two groups that might result in artificial increases in 

achievement for the individualized corrective group. 

In the individualized corrective group a student who scored below mastery, 

defined as a four or higher on a 0-6 scale, on any section received correctives that aligned 

with that content. The correctives used took many forms, but an important aspect of 

mastery learning is that the correctives presented the material in a different manner than it 

was originally taught in the class (Block, 1977; Guskey, 2007a). Students were given 

class time to work on the correctives and receive assistance from the teacher and then 

completed the correctives in class or at home in order to have the opportunity to retake 
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the test. It is considered much more effective for students to have time to complete 

correctives in class so the students who will benefit the most from the process will make 

use of the correctives to correct gaps in their learning (Guskey, 2007a). Students in the 

individualized corrective group received enrichment activities if they scored a four or 

above on every section of the test. Corrective and enrichment activities used research-

based approaches that have been shown to increase student learning as detailed in chapter 

two in the correctives section, including: tutoring, cooperative learning, hypermedia, 

digital games, concept maps, flashcards, and activities that focus on vocabulary. 

Members of the general study guide group received a study guide regardless of 

their performance on the first formative test. The general study guide addressed all of the 

learning standards on the formative test, but did necessarily present the material in a new 

or original way. The study guides consisted of the learning targets converted into open-

ended or fill-in-the-blank questions. Students were also given class time to work on the 

study guide and receive assistance from the teacher and completed the study guide in 

class or at home in order to have the opportunity to retake the test. Therefore, time 

devoted to learning in class was equalized for each group. 

Data were collected for one unit of biology consisting of around thirteen weeks of 

instruction and three formative assessments. The mastery learning cycle consisted of 

three nonconsecutive class days for individuals in both groups. The mastery learning 

cycle started after initial instruction on each unit subsection was complete. Initial 

instruction consisted of small group activities, labs, graphic organizers, simulations, and 

guided notes. Worksheets, textbook assignments, and ancillary materials included with 

the textbook were not used. 
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All of the students in both groups took the formative test on day one of the cycle. 

An example of the first version of a formative test can be found in Appendix E. On day 

two, students in the individualized corrective group received the graded the test, reviewed 

the correct answers as a class, and also received correctives aligned with each test 

question for which they did not obtain mastery. The correctives provided more exposure 

to that particular learning objective in a manner not already presented in class. An 

example of the correctives and enrichment used can be found in Appendix G. On the 

second day, students in the general study guide group received the graded the test, 

reviewed the correct answers as a class, and worked on a study guide that covered all of 

the objectives of the test. An example of a general study guide is in Appendix H. Students 

in both groups were not allowed to keep the first formative assessment to prevent its use 

as a resource. This was normal practice in the biology science classes. On day three, 

students in both groups took the second formative assessment for that unit. Students in 

both groups only completed the portion of the test on which they did not achieve mastery. 

An example of the retake, or second formative test, for one subunit is found in Appendix 

F. Students in the individualized corrective group needed to have the aligned corrective 

finished to take that part of the test. Students in the general study guide group needed to 

have the entire study guide complete to retake any portion of the test. 

Students who received a score of four or above on all the test questions were not 

required to take the second test, but could if they wish. Students in the individualized 

corrective group who mastered all three sections of the test worked on enrichment 

activities on the second and third day. Students in the general study guide group were 

required to work on the assigned study guide even if they were not going to retake the 
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Figure 3. Formative assessment cycle for the general study guide group. Group 
instruction took place until the first formative test, Formative Assessment A. All students 
in this group received a study guide, labeled General Review. Students who wished to 
retake the test, Formative Assessment B, did so after completing the study guide. 

Instruction 
Part 2 Enrichment > 

' Instruction 
Parti 

Formative 
Assessment 

V Correctives Formative 
Assessment 

Figure 4. Formative assessment cycle for the individualized corrective group. Group 
instruction took place until the first formative test, Formative Assessment A. Students 
who mastered all elements of the first formative assessment moved on to enrichment until 
whole group instruction resumed, as indicated by the top pathway. The bottom pathway 
shows that students who did not master all elements of the test received individualized 
corrective activities and took another formative assessment, Formative Assessment B. 
Adapted from "Closing Achievement Gaps: Revisiting Benjamin S. Bloom's "Learning 
for Mastery," by T. R. Guskey, 2007, Journal of Advanced Academics, 19( 1), p. 14. 
Copyright 2007 by SAGE. Adapted with permission. 
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test. They were not exposed to enrichment activities. The flowcharts for both groups are 

shown in Figure 3 and Figure 4. 

At the end of the unit, students in both groups took the same teacher-made, 

multiple-choice assessment of achievement that was used as a pretest. The unit test 

consisted of the same content that was administered in the formative assessments 

throughout the unit, but none of the questions from those assessments were used on the 

final examination. Students also took the IAAI again to measure student affect at the end 

of the treatment. 

Data Collection and Instrumentation 

The instrument used to collect data on student learning of biology was the 

teacher-made unit test. The instrument used to measure student affect toward the teacher 

and content was the Instructional Affect Assessment Instrument (IAAI). The independent 

variable for the study was the use of individualized correctives to teach biology standards 

for high school biology at a community high school in the southeastern United States. 

The dependent variables were the academic achievement on the unit test and student 

affect toward teacher and content area as measured using the IAAI. Therefore, the unit 

test was designed to measure academic achievement on specific biology standards taught 

in the first unit for this class in high school biology. The state standards that were used 

were the biology Georgia Performance Standards (GPS) published by the Georgia 

Department of Education (2008). The standards for unit one of the biology course are 

found in Table 1. 
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Table 1 

Biology Georgia Performance Standards for Unit One 

Number Performance Standard 

SB1 Students will analyze the nature of the relationships between structures and 
functions in living cells. 

SBla Explain the role of cell organelles for both prokaryotic and eukaryotic cells, 
including the cell membrane, in maintaining homeostasis and cell 
reproduction. 

SBld Explain the impact of water on life processes (i.e., osmosis, diffusion). 

SB3 Students will derive the relationship between single-celled and multi-celled 
organisms and the increasing complexity of systems. 

SB3b Compare how structures and function vary between the six kingdoms 
(archaebacteria, eubacteria, protists, fungi, plants, and animals). 

SB3c Examine the evolutionary basis of modern classification systems. 

SB3d Compare and contrast viruses with living organisms. 

SB4 Students will assess the dependence of all organisms on one another and the 
flow of energy and matter within their ecosystems. 

SB4a Investigate the relationships among organisms, populations, communities, 
ecosystems, and biomes. 

SB4c Relate environmental conditions to successional changes in ecosystems. 

SB5a Trace the history of the theory. 

SB5b Explain the history of life in terms of biodiversity, ancestry, and the rates of 
evolution. 

SB5c Explain how fossil and biochemical evidence support the theory. 
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Instruction was the same in all classes except for the differences in the 

interventions between the control and experimental groups that took place between the 

two versions of each of the three formative tests. Formative assessments were designed in 

a joint effort between the two teachers, as were the correctives that were aligned to 

questions in the tests. Guskey (2007a) supports collaboration as it significantly increases 

the effectiveness and efficiency of the difficult task of creating correctives. The unit 

consisted of three subunits that each incorporated three to four weeks of instruction. The 

formative assessments were given at the end of each subunit and each formative 

assessment consisted of three sections that aligned with state standards and course 

objectives. Each section on the test was broken into multiple questions that covered 

different aspects of a particular standard and addressed different levels of Bloom's 

cognitive domains (Bloom, Englehart, Furst, Hill, & Krathwohl, 1956). Questions were 

designed so students would need to apply information as opposed to simple recall. Many 

of the test questions mirrored real life situations and problem-solving skills were required 

to derive the correct answer. Both versions of all three formative assessments and the 

summative assessment covered the same information, but the questions were asked in a 

different way on each version. Each question was graded on a scale of 0-6 with a score of 

six indicating complete mastery (95% to 100%) and a score of zero indicating no 

understanding of the material (60% or less). Any student who received a score of four or 

above (80% or above) on each subsection of the formative test was considered to have 

reached sufficient mastery of the material in that subsection. 
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Unit Test 

The teacher designed summative test, or unit test, contained 33 multiple-choice 

questions adapted from the first two biology benchmarks from a neighboring school 

system (DeKalb County School System, 2008a; 2008b). The test had two forms, A and B. 

Both versions of the test contained the same questions, but the answer choices were 

arranged in a different order to reduce possible errors of independence on that particular 

dependent variable. The unit test contained questions that evaluated all 13 of the state 

standards for biology that were aligned to the unit. Table 2 shows the correspondence of 

each problem on the unit test with each of the state standards in Table 1. The test was 

piloted and evaluated for validity, test-retest reliability, and internal consistency 

reliability (see Appendix A). 

The content validity of the unit test was determined by matching the exam 

problems with the state performance standards, as shown in Table 2. The correlated test 

questions and standards were presented to three biology teachers at the high school for 

review. The panel examined the test for coverage of the standards and the appropriateness 

of the test items for measuring the student learning of the standards. The three teachers 

unanimously concluded that the test questions measured the content identified in the 

standards and endorsed the test. 

To establish test-retest reliability, a Pearson's correlation and a paired samples t 

test was run on the data. The null hypothesis for the t test was that there would not be a 

statistically significant difference in the raw scores on the first run of the test when 

compared with the second run of the test. The assumption for normality of the differences 
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Table 2 

Correspondence of Unit Test Problems to Standards 

Question Topic Standard 

1 Cladograms SB5b 

2 Cladograms SB5b 

3 History of evolution SB5a 

4 Levels of ecology SB4, SB4a 

5 Dichotomous keys SB3c 

6 Biochemical evidence for evolution SB5c 

7 Characteristics of kingdoms SB3, SB3b 

8 Characteristics of kingdoms SB3, SB3b 

9 Succession SB4c 

10 Phylogenetic tree SB3b, SB5b 

11 Darwin's theory of evolution SB5a 

12 Succession SB4c 

13 Succession SB4c 

14 Biodiversity and adaptation SB5b 

15 Biodiversity and adaptation SB5b 

16 Levels of organization SB3, SB4a 

17 Characteristics of kingdoms SB3, SB3b 

18 Characteristics of kingdoms SB3, SB3b 

19 Viruses versus bacteria SB3d 



103 

Table 2 

Continued 

20 Homologous and analogous structures SB5c 

21 Organelles SB 1, SB la 

22 Levels of ecology SB4, SB4a 

23 Organelles SB1, SBla 

24 Virus structure SB3d 

25 Organelles SB1, SBla 

26 Organelles SB1, SBla 

27 Viruses SB3d 

28 Osmosis and diffusion SBld 

29 Osmosis and diffusion SBld 

30 Biochemical evidence for evolution SB3c, SB5c 

31 Classification SB3c 

32 Organelles SB 1, SBla 

33 Classification of bacteria SB3, SB3c 

between groups was not applicable for this test because the two measures are expected to 

have small differences, however the sample size was larger than 30 (Field, 2009, p. 134) 

and the variables were measured at the interval level or higher. The p of the t test was 

greater than .05 and the 95% confidence intervals did contain zero, so the criteria to reject 

the null hypothesis was not met. Average scores on the first run of the test (M= 19.33, 
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SE = 0.52) were not statistically significantly different from the second run of the test (M 

= 19.16, SE = 0.61), /(60) = .40, p = .688,95% CIs [-0.65,0.98], 

A Pearson product movement correlation was conducted to determine if there was 

a statistically significant correlation between the first run of the test and the second run of 

the achievement test. The null hypothesis was that there would not be a statistically 

significant correlation between the first and second runs of the achievement test. All 

assumptions were met for a bivariate correlation. The data were collected at the ratio 

level and a visual analysis of a scatterplot (Figure 5) of the first run of the achievement 

test versus the second run of the achievement test showed the data were linear (Field, 

2009). There was a large statistically significant correlation between the first run of the 

unit test compared to the second run of the unit test, r(61) = .75,p < .001. 
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Figure 5. Scatterplot of test-retest data for the unit test pilot study. The scatterplot 
compared the first run of the unit test with the second run of the unit test. The scatterplot 
was visually examined for linearity. 
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The results of these tests indicated that the unit test had statistically significant 

test-retest reliability. The results of the t test indicated that there were no statistically 

significant differences between the results on the first run of the test and the second run 

of the test. The Pearson correlation indicated that the results on both tests were highly 

correlated with each other. 

To determine if there was a floor/ceiling effect, normality tests were run on both 

sets of data. A visual analysis of histograms, Figure 6 and Figure 7, showed normality. 

The results of the Kolmogorov-Smimov test, with Lilliefors significance correction, 

indicated normality for the first run, D(61) = 0.1 l,p = .087, and second run, D(61) = 

0.11, p = .074. These results indicate that there is no danger of a floor/ceiling effect with 

this test. 

To determine the internal consistency reliability of the unit test, a reliability 

analysis of the test scores was conducted to determine Cronbach's alpha. Student 

responses from the first administration of the unit test were used to eliminate any 

retesting effect on internal reliability. There were 61 students in this sample. Students' 

individual responses were entered as either correct with a value of one or incorrect with a 

value of zero for each of the 33 questions on the test. The Cronbach's a score of 

reliability was .62. 

Instructional Affect Assessment Instrument (IAAI) 

The Instructional Affect Assessment Instrument (IAAI) (McCroskey, 1994) was 

used to measure student affect in this study. The IAAI included two scales: affective 

learning and instructor evaluation. The affective learning scale measured affect toward 
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Figure 6. Histogram of the first run of the unit test. Histograms were visually examined 
for normality. 

20" 

Second Test raw score 

Figure 7. Histogram of the second run of the unit test. Histograms were visually 
examined for normality. 
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the subject matter being taught in the course, and the instructor evaluation scale measured 

affect toward the teacher. The affective learning scale contained four items that measured 

affect directly and four items that assessed whether the student would be likely to take 

another course with the same subject matter. The instructor evaluation scale contained 

four items that address affect toward the teacher directly and four items that assessed 

whether the student would likely take another course with the same teacher voluntarily. 

Each measure contained eight bipolar items with a positive or negative adjective on each 

end. Students circled a response on a scale of 1-7 a number that indicated their agreement 

for each adjective. A modified version of the scale in Appendix I was given to students 

with the headings in bold and parentheses removed. Scoring the inventory resulted in a 

range of 8-56 for each scale. The scoring procedure for the scale is located in Appendix J. 

Both scales contain reversed-phrased items to reduce response bias. 

Reliability estimates for both subscales, affective learning and instructor 

evaluation, have consistently produced Cronbach's alpha reliability scores above .90 

(McCroskey, 1994). Various studies have produced varying Cronbach alpha reliability 

measurements: teacher (a= 0.94) content (a = 0.92) (Chesebro & McCroskey, 2001); 

teacher (a= 0.94) and content (a = 0.90) (Tibbies et al., 2008); teacher (a= 0.93) 

(Banfield et al., 2006); and teacher (a= 0.95) and content (a = 0.92) (McCroskey et al., 

2006). The instrument also has high face validity (McCroskey, 1994). Results have 

matched the theoretical relationships between communication behaviors and affective 

outcomes, which indicated a strong predictive validity (McCroskey, 1994). 

To determine if there was a possibility of a floor/ceiling effect, the literature was 

reviewed for mention of this problem with relation to the instrument. No mention of this 
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problem was found. In addition various means and standard deviations were found that 

indicate that a floor/ceiling effect is unlikely. When using the instrument with a sample of 

189 participants, scores on both scales spanned the entire range of 8 to 56 with content 

(M= 40.0, SD = 12.51) and teacher (M= 42.32, SD = 12.99) (McCroskey et al., 2006). 

Descriptive statistics from other studies are similar to the results in the study above: 

content (M= 40.40, SD = 11.25) and teacher (M= 40.62, SD = 12.68) (Tibbies et al., 

2008); and teacher (M= 40.32, SD = 11.73) (Banfield et al., 2006). 

Data Analysis 

To test the statistical significance between group means for student achievement 

and student affect a multivariate repeated measures test was used to analyze the three 

dependent variables with pretest and posttest scores and gender used as a controlling 

factor. Data were analyzed with a multivariate repeated measures test with two within 

factors, pretest/posttest and three measures (unit test/affect teacher/affect content), and 

two between factors, group and gender. Univariate results from repeated measures tests 

analyze differences between groups based on gain scores, similar to a one-way ANOVA 

of gain scores. However, the ANCOVA test has greater statistical power and the 

assumptions of linearity and homogeneity of regression slopes provide additional 

information about the data (Knapp & Schafer, 2009). Dugard and Todman (1995) also 

suggest using the ANCOVA on pretest-posttest designs because it allows for 

quantification of the effects of the pretest on the posttest. In addition, gain scores can be 

unreliable and have a negative correlation with pretest scores (Knapp & Schafer, 2009). 

To analyze differences between groups on each measure ANCOVA results were used as 

well as the univariate results of the repeated measures test. 
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Statistical Assumptions 

According to Field (2009, p. 459) the assumptions for repeated measures designs 

are the same as the assumptions for ANOVA with the additional assumption of 

sphericity. To test for independence on the covariates a MANOVA was used to make 

sure that there are no differences between the groups on all pretest measures (Field, 2009, 

p. 397). Assumptions for repeated measures and MANOVA according to Field (2009) 

were checked prior to running analyses. 

Several assumptions apply to all parametric tests, including normality, 

homogeneity of variance, interval level data, and independence (Field, 2009, p. 133). For 

the analysis of variance tests the assumption of independence refers to the independence 

of observations, where one participant's scores do not influence another's (Field, 2009). 

According to Field (2009, p. 459) the assumption for sphericity is used instead of 

homogeneity of variance for repeated measures and is met when the variance between 

each set of data is close to equal. Because there are only two levels of within-subject 

factors for each measure, sphericity does not apply in this analysis. Instead, for the 

multivariate measure, homogeneity of covariance matrices was determined met if the p 

value was greater than .05 on Box's test. For the univariate results, homogeneity of 

variances was assumed if Levene's test for each outcome was not statistically significant. 

An additional assumption for repeated measures and multivariate tests is that the data 

were randomly sampled (Field, 2009). 

A MANOVA was performed to establish that there was not a statistically 

significant difference between the experimental and control groups or between genders 

for both affect measurements or achievement on the unit test. The assumptions of 
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independence, random sampling, multivariate normality, and homogeneity of covariance 

matrices were examined for the pretest data (Field, 2009). To determine multivariate 

normality, histograms were visually analyzed, sample size was considered, and results of 

the  Kolmogorov-Smirnov tes t  were  examined for  s igni f icance .  A nons igni f icant  resu l t  (p  

> .05) on the Kolmogorov-Smirnov test indicated normality within that particular group. 

To establish homogeneity of variances Levene's tests were analyzed for each group and 

Box's test was used for the overall model. 

To determine if there were any differences between groups on each measure 

individually, three separate ANCOVA tests were run in addition to using the univariate 

results from the multivariate repeated measures test. The assumptions for ANCOVA 

include homogeneity of regression slopes, no statistical difference between groups on the 

covariate, homogeneity of standardized residuals between groups, normally distributed 

standardized residuals, independent observations, and dependent variables measured 

using an interval scale (Field, 2009, p. 397). 

To test the assumption of homogeneity of regression slopes, the interaction 

between the pretest and the group for each of the three measures were examined. The 

assumption was considered met if the p value for the interaction was greater than .05. To 

determine if there was homogeneity of variances, Levene's tests for standardized 

residuals were run for each measure. Homogeneity of variance was assumed if the p 

value for each test was greater than .05. Visual analysis of histograms, group sample size, 

and Kolmogorov-Smirnov test p values greater than .05 were used to test the assumption 

of normality of standardized residuals. 

The additional assumptions of influential data points and homoscedasticity were 
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also considered (Field, 2009). To determine if there were influential data points 

standardized residuals were examined. All cases that had a standardized residual value 

above three were examined. A case was considered an influential data point if it had a 

standardized value above three and a Cook's value above one (Field, 2009). To test for 

homoscedasticity, residual Zpred*Zresid plots were examined for each data set, and the 

assumption was considered met if there was a random scattering of data points (Field, 

2009). The results of the test of statistical assumptions are reported in Chapter 4. 

Summary 

A quantitative research design was used to determine if individualized 

correctives, as part of the process of mastery learning, resulted in achievement and 

student affect gains for 99 high school biology students in the southeastern region of the 

United States. Sensitivity tests were used to determine that approximately 100 students 

would be sufficient for this design. An experimental pretest-posttest with control group 

statistical design was used. The treatment compared two groups. The experimental group, 

the individualized corrective group, received individualized correctives and enrichment 

based on their performance on the first formative assessment. The control group, the 

general study guide group, instead received a non-individualized study guide regardless 

of their performance on the first formative assessment. Achievement was measured with 

a teacher-made unit test. The instrument used to measure student affect toward the 

teacher and content was the Instructional Affect Assessment Instrument. The resulting 

data were analyzed using a multivariate repeated measures test and ANCOVA. 



CHAPTER 4 

RESULTS 

The present study was designed to pinpoint whether the individualized correctives 

used as part of mastery learning resulted in increases in achievement and student affect. 

The use of differentiated corrective activities was a likely area to investigate for causation 

(Clark et al., 1983; Guskey, 1997; Mevarech, 1985). If teachers are to implement mastery 

learning in the classroom it is important that it is established that individualized 

correctives are worth the time and effort that it takes to design and use them as part of 

instruction. Mastery learning is still being studied and recommended as effective for 

increasing achievement (Guskey, 2007a, 2010; Zimmerman & Dibenedetto, 2008), 

especially in science (Wambugu & Changeiywo, 2008). Processes that are being 

implemented throughout school systems across the country, such as Response to 

Intervention (RTI), can also be addressed with mastery learning (Guskey, 2010). Mastery 

learning is still being used, researched, and recommended to teachers, which suggests 

that it is not an antiquated notion and should continue to be researched and refined. 

If it can be established that the individualized corrective activities create 

achievement gains then it will encourage teachers to correctly use this aspect of mastery 

learning and devote time and energy to correctives, a part of mastery learning that might 

otherwise be neglected. In a broader sense, how teachers use formative assessment data 

to adjust teaching and learning is directly related to the use of correctives in mastery 

learning. While the results of this study should not be generalized to such a broad scope, 
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the results may implicate further study in the realm of formative assessment and 

instructional interventions. Although the positive effects of formative assessment are 

generally accepted in education, research results are flawed or limited and further 

investigation is required to determine the full influence of formative assessment on 

student achievement (Dunn & Mulvenon, 2009). 

Three separate instruments were used to measure student achievement and student 

affect. To measure student achievement a teacher designed unit test was used. Student 

affect toward content and teacher was measured with The Instructional Affect 

Assessment Instrument (IAAI) (McCroskey, 1994). The teacher designed summative test, 

or unit test, contained 33 multiple-choice questions adapted from the first two biology 

benchmarks from a neighboring school system (DeKalb County School System, 2008a; 

2008b). The test had two forms, A and B. Both versions of the test contained the same 

questions, but the answer choices were arranged in a different order to reduce the errors 

of independence on that particular dependent variable. The unit test contained questions 

that evaluated all 13 of the state standards for biology that were aligned to the unit. The 

test was piloted and evaluated for validity, test-retest reliability, and internal consistency 

reliability. 

The Instructional Affect Assessment Instrument (IAAI) (McCroskey, 1994) was 

used to measure student affect in this study. The IAAI included two scales: affective 

learning and instructor evaluation. The affective learning scale measured affect toward 

the subject matter being taught in the course, and the instructor evaluation scale measured 

affect toward the teacher. Each measure contained eight bipolar items with a positive or 

negative adjective on each end. Students circled a response on a scale of 1-7 a number 
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that indicates their agreement for each adjective. Scoring the inventory resulted in a range 

of 8-56 for each scale. The affective learning scale contained four items that measured 

affect directly and four items that assessed whether the student would be likely to take 

another course with the same subject matter. The instructor evaluation scale contained 

four items that addressed affect toward the teacher directly and four items that assessed 

whether the student would likely take another course with the same teacher voluntarily. 

Both subscales have high reliability. 

Organization of Data Analysis 

The four research questions and their associated hypotheses were tested using 

inferential statistics. In the following chapter, I first describe the sample that was used to 

test the research questions. Then I list each of the four research questions followed by the 

four hypotheses and null hypotheses. I report the data that shows the assumptions for 

each statistical test were met. I also report the results of the multivariate repeated 

measures test and ANCOVA tests as they apply to each of the research questions and 

hypotheses. 

Presentation of Descriptive Characteristics of Respondents 

There were approximately 191 juniors in the high school taking one of eight 

sections of biology class. Three sections of AP biology containing approximately 74 

students were excluded from the study. The entire population of student in the five 

sections of the general-level biology classes at the beginning of the school year totaled 

117 students. Each student was assigned a number on the master list prior to any data 

collection or collection of consent and assent forms. Preliminary data were collected for 
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114 students in the population. Out of these 114 students, 102 completed and returned 

consent and assent forms for the study. 

Three participants dropped out of the study due to various factors that were 

unrelated to experimental factors. One student (#9), male, transferred to an AP biology 

class before random grouping occurred. A male student in the individualized corrective 

group (#62) transferred to another school about midway through unit one. Another 

student (#116), female, participated in a foreign exchange program so withdrew from 

school early in the first semester. This student was in the general study guide group. 

The subjects in this design were randomly assigned to either the control group or 

the experimental group using a random number generator. Students in each class were 

placed on a master list and numbered, and then a random number generator was used to 

choose 51 individuals out of the original sample of 101 students to place in the 

experimental group. One student from each group dropped out of the study, so there were 

a total of 50 students in the individualized corrective group and 49 students in the general 

study guide group. No restrictions were placed on class, so there were different numbers 

of students in each group for each of the five biology classes. All five classes in the 

population contained members of both the control and experimental groups. 

Gender was also considered as a controlling factor in this study. Out of the total 

sample of 99 students, 49 were male and 50 were female. The individualized corrective 

group contained 50 students of which 23 were male and 27 were female. The general 

study guide group contained 49 students of which 26 were male and 23 were female. 
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Research Questions and Associated Hypotheses 

The purpose of the study was to isolate the effect of correctives in the mastery 

learning approach to assessment on student affect and achievement. To address this 

problem, four research questions were developed. One omnibus research question 

addressed student achievement on the teacher created assessment and student affect 

toward content and teacher. One research question addressed achievement in terms of a 

teacher-made unit test. Two other research questions addressed student affect in terms of 

affect toward the course and toward the teacher. 

Research Questions 

There were four research questions for this study. The first research question was 

the omnibus question that addressed if there was a difference between the individualized 

corrective group and control group for all three measures. The three research questions 

that follow addressed if there was a difference between groups on each measure 

separately. 

1. Is there a statistically significant difference in the student achievement on teacher 

created assessments, student affect toward content, and student affect toward 

teacher of high school biology students who receive individualized correctives as 

part of mastery learning compared to students who do not receive individualized 

correctives when controlling for gender? 

2. Is there a statistically significant difference in the student achievement on teacher 

created assessments of high school biology students who receive individualized 

correctives as part of mastery learning compared to students who do not receive 

individualized correctives when controlling for gender? 
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3. Is there a statistically significant difference in the student affect toward content of 

high school biology students who receive individualized correctives as part of 

mastery learning compared to students who do not receive individualized 

correctives when controlling for gender? 

4. Is there a statistically significant difference in the student affect toward the 

teacher of high school biology students who receive individualized correctives as 

part of mastery learning compared to students who do not receive individualized 

correctives when controlling for gender? 

Hypotheses 

There were four hypotheses for this study. The first was the omnibus hypothesis 

and null hypothesis that addressed if there was a difference between the individualized 

corrective group and control group for all three measures. Three separate hypotheses and 

null hypotheses addressed if there was a difference between groups on each measure 

independently. 

1. For juniors in a general-level biology class at a city high school in the southeast 

United States, the group that receives individualized correctives will have higher 

achievement on teacher-made tests, student affect toward content, and student 

affect toward teacher than students that do not receive individualized correctives 

as part of the mastery learning cycle of assessment. The null hypothesis is that 

there is no difference between the correctives group and the non-correctives group 

in terms of achievement on teacher-made tests, student affect toward content, and 

student affect toward teacher. 
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2. For juniors in a general-level biology class at a city high school in the southeast 

United States, the group that receives individualized correctives will have higher 

achievement on teacher-made tests than students that do not receive 

individualized correctives as part of the mastery learning cycle of assessment. The 

null hypothesis is that there is no difference between the correctives group and the 

non-correctives group in terms of achievement on teacher-made tests. 

3. For juniors in a general-level biology class at a city high school in the southeast 

United States, the group that receives individualized correctives will have a more 

positive student affect toward content than students that do not receive 

individualized correctives as part of the mastery learning cycle of assessment. The 

null hypothesis is that there is no difference between the correctives group and the 

non-correctives group in terms of student affect toward content. 

4. For juniors in a general-level biology class at a city high school in the southeast 

United States, the group that receives individualized correctives will have a more 

positive student affect toward the teacher than students that do not receive 

individualized correctives as part of the masteiy learning cycle of assessment. The 

null hypothesis is that there is no difference between the correctives group and the 

non-correctives group in terms of student affect toward teacher. 

Analysis of Data 

Several separate analyses were used to examine the differences between the 

individualized corrective group and general study guide group based on gender. The first 

four research questions were examined with a multivariate repeated measures test with 

two within factors, pretest/posttest and measure (unit test/affect teacher/affect content), 
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and two between factors, group and gender. The multivariate results were used to assess 

the omnibus research question, and the univariate results were used to determine if the 

differences between groups were different for each individual measure. These results are 

the same as running ANOVA analyses on the gain scores for each measure. ANCOVA 

tests have greater statistical power, more edifying assumptions, and avoid the 

unreliability of using gain scores (Dugard & Todman, 1995; Knapp & Schafer, 2009). 

Therefore, ANCOVA tests were also used to examine the differences between groups for 

research questions two, three, and four. 

Statistical Assumptions 

The assumptions for repeated measures designs are the same as the assumptions 

for ANOVA with the additional assumption of sphericity (Field, 2009, p. 459). To test for 

independence on the covariates a MANOVA was used to make sure that there were no 

differences between the groups on all pretest measures (Field, 2009, p. 397). 

Assumptions for the MANOVA according to Field (2009) were checked prior to running 

the analysis to determine if the control and experimental group were equal. Because 

ANCOVA results were used in addition to the univariate results from the repeated 

measures test, the assumptions for ANCOVA were checked as well (Field, 2009, p. 397). 

Statistical Assumptions for Multivariate Repeated Measures 

Several assumptions apply to all parametric tests, including normality, 

homogeneity of variance, interval level data, and independence (Field, 2009, p. 133). For 

the analysis of variance tests the assumption of independence refers to the independence 

of observations, where one participant's scores do not influence another's (Field, 2009). 

The assumption of independence of observations was met for this experiment. One 
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participant's scores did not influence another participant's scores on the unit test or the 

affect instrument. To minimize threats to independence on the unit test, students were 

closely monitored during all testing situations to assure that data were independent. The 

dependent variable of the summative written test was also administered using multiple 

forms of the same test. The summative tests contained identical questions, but the order 

of the multiple-choice answers were in a different order for the questions on each form. 

During the administration of the student affect surveys, students were not allowed to talk 

or share information on the forms. 

Independence of treatment was also maintained using grouping methods. Students 

in the control group were grouped together on one side of the classroom during the 

treatment phase of the test and students in the experimental group were grouped in 

another part of the room. Students were also grouped by treatment variable during the 

retest portion of the mastery learning cycle. 

Another general parametric assumption is that all of the dependent variables 

should be measured on at the interval level or above (Field, 2009, p. 133). The dependent 

variables in this study were all continuous, so the data were measured at least at the 

interval level. The summative unit test has a true zero and continuous data, so 

achievement was measured at the ratio level. The two scales on the affect test used a 

Likert scale, or summated rating scale, and the responses were computed as a total to 

obtain the final score for each subscale. 

An assumption for repeated measures and multivariate tests is that the data were 

randomly sampled (Field, 2009). The subjects in this design were randomly assigned to 

either the control group or the experimental group using a random number generator. 
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Students in each class were placed on a master list and numbered, and then a random 

number generator was used to choose 51 individuals out of the original sample of 101 

students to place in the experimental group. One student from each group dropped out of 

the study, so there were a total of 50 students in the individualized corrective group and 

49 students in the general study guide group. No restrictions were placed on class, so 

there were different numbers of students in each group for each of the five biology 

classes. All five classes in the population contained members of both the control and 

experimental groups. 

According to Field (2009, p. 459) the assumption for sphericity is used instead of 

homogeneity of variance for repeated measures and is met when the variance between 

each set of data is close to equal. Because there were only two levels of within-subject 

factors for each measure, sphericity does not apply in this case. Instead, for the 

multivariate measure, homogeneity of covariance matrices was determined if the p value 

was greater than .05 on Box's test. For the univariate results, homogeneity of variances 

was assumed if Levene's test for each outcome was not statistically significant. The 

assumption of homogeneity of covariances was met for all tests. Box's test indicated 

homogeneity of covariance for the multivariate measure, Box's M= 77.24, F( 63, 

20372.13) = 1.09,/? = .301. The assumption of homogeneity of variances was also met on 

each individual variable. Results of Levene's test were not statistically significant for 

achievement pretest, F(3, 95) = 0.07,p = .975; and posttest, F(3, 95) = 1.98, /? — .123; 

affect toward content pretest, F(3, 95) = 0.14,/? = .936; and posttest F(3, 95) = 0.37,/? = 

.772; and affect toward teacher pretest, F(3, 95) = 1.44,/? = .237; and posttest, F(3, 95) = 

1.40, p - .249. 
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Differences Between Groups 

A MANOVA was performed to establish that there was not a statistically 

significant difference between the experimental and control groups or between genders 

for both affect measurements or achievement on the unit test. The assumptions of 

independence, random sampling, multivariate normality, and homogeneity of covariance 

matrices were examined (Field, 2009). Independence and random assignment was 

established based on the same criteria that was used for the repeated measures test. To 

determine multivariate normality, histograms were visually analyzed, sample size was 

considered, and results of the Kolmogorov-Smirnov test were examined for significance. 

A nonsignificant result (p > .05) on the Kolmogorov-Smirnov test indicated normality 

within that particular group. To establish homogeneity of variances Levene's tests were 

analyzed for each group and Box's test was used for the overall model. 

The assumption for multivariate normality was not met consistently for samples 

in this case. A visual analysis of histograms showed normality for all samples except for 

affect towards teacher in both the individualized corrective and general study guide 

groups and in the male and female groups. Kolmogorov-Smirnov tests signified 

nonnormality for both groups in the achievement pretest; individualized corrective group, 

D(50) = 0.13, p - .039; and study guide group, D{49) = 0.13, p = .045. Nonnormality was 

also indicated for the individualized corrective group in the teacher affect pretest, D(50) = 

0.14, p = .023. All other condition groups did not violate the assumption for normality; 

affect for content for the corrective group, D{50) = 0.10,/? = .200; affect for content study 

guide group, D(49) = 0.08,/? = .200; and affect for teacher study guide group, £>(50) = 

0.10,/? = .200. 
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The Lilliefors significance correction was used on all tests; so all p values equal to 

.200 are the lower bound of true significance. Although the assumption of normality was 

not met in all cases, the Pillai's trace is considered a robust test against violations of 

assumptions of normality when sample sizes are approximately equal (Field, 2009). In 

addition, the sample size for each group was larger than 30 (Field, 2009, p. 134), so the 

violations to the assumption for normality can be considered minimal, and the MANOVA 

can be used to detect differences between groups. 

Variances were equivalent for all groups in this multivariate test. For the 

experimental and control groups the results were not significant for all three instruments 

used to measure the dependent variables; achievement F(l, 97) = 0.00, p = .969; affect 

content F(l, 97) = 0.03, p = .862; and affect teacher, F(l, 97) = 0.03, p = .858. Box's test 

also indicated homogeneity of covariance matrices, Box's M= 20.17, F(18, 30552.96) = 

1.06,/? = .392. 

The results of the Pillai's trace MANOVA for the pretest scores indicated that 

there were no significant differences between the randomly assigned individualized 

corrective group or the study guide group, V= 0.04, F(3,93) = 1.27,/? = .291, partial r)2 = 

.04. All averages presented are estimated marginal means. The individualized corrective 

group scored slightly higher on the academic achievement pretest (M= 14.01, 95% CIs 

[12.83, 15.18]) than the study guide group (M= 13.31, 95% CIs [12.12, 14.50]), but the 

difference was not statistically significant on the univariate test, F(l, 95) = 0.69,/? = .410, 

partial x\ = .01. The individualized corrective group also scored higher on the student 

affect toward content pretest (M= 40.85, 95% CIs [38.29,43.42]) than the study guide 

group (M - 38.13, 95% CIs [35.55,40.72]), but the differences were also nonsignificant, 
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F{ 1,95) = 2.20, p = .141, partial r| = .02. The estimated marginal means were near equal 

between groups for the measure of affect for teacher pretest, individualized corrective (M 

= 43.79,95% CIs [41.16,46.41]) and study guide (M= 43.73, 95% CIs [41.09,46.38]), 

and the difference was not significant, F(l, 95) = 0.00, p = .977, partial r|2 = .00. 

Statistical Assumptions for ANCOVA 

To determine if there were any differences between groups on each measure 

individually, three separate ANCOVA tests were run in addition to using the univariate 

results from the multivariate repeated measures test. The assumptions for ANCOVA 

included homogeneity of regression slopes, no statistical difference between groups on 

the covariate, homogeneity of standardized residuals between groups, normally 

distributed standardized residuals, independent observations, and dependent variables 

measured using an interval scale (Field, 2009, p. 397). Independence of observations, 

scalar measure of the dependent variables, and no statistical differences between the 

individualized corrective group and the study guide group were already addressed. 

To test the assumption of homogeneity of regression slopes, the interaction 

between the pretest and the group for each of the three measures were examined. The 

assumption was considered met if the p value for the interaction was greater than .05. 

Homogeneity of regression slopes was assumed for all three measures. The interaction 

between each pretest and the group were not significant for achievement, F(l, 93) = 0.76, 

p - .385; affect toward content, F(l, 93) = 0.53,p = .470; and affect toward teacher, F(l, 

93) = 0.19,/? = .661. 

To determine if there was homogeneity of variances, Levene's tests for 

standardized residuals were run for each measure. Homogeneity of variance was assumed 
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if the p value for each test was greater than .05. Levene's test indicated that variances 

were equal for each measure: achievement, F(3, 95) = 1.95, p - .128; affect toward 

content, F{3,95) = 0.78, p = .510; and affect toward teacher, F(3, 95) - 0.90, p = .446. 

Visual analysis of histograms, group size, and Kolmogorov-Smirnov test p values 

greater than .05 were used to test the assumption of normality of standardized residuals. 

The histograms for achievement and affect toward content appeared normal; however, the 

histogram of affect toward teacher had a slight left skew. The results of the Kolmogorov-

Smirnov tests with Lilliefors significance correction aligned with these results: 

achievement, D(99) = 0.09, p = .075; affect toward content, D(99) = 0.07, p = .200 (the p 

value for this test was the lower bound of the true significance); and affect toward 

teacher, D{99) = 0.10,/? = .023. However, because the sample size for each group was 

larger than 30, threats to normality were considered minimal (Field, 2009, p. 134). 

The additional assumptions of influential data points and homoscedasticity were 

also considered (Field, 2009). To determine if there were influential data points, 

standardized residuals were examined. All cases that had a standardized residual value 

above three were examined. A case was considered an influential data point if it had a 

standardized value above three and a Cook's value above one (Field, 2009). None of the 

data sets had standardized residual values above three or a Cook's value above one, so all 

three measures were considered free of influential data points. Residual Zpred*Zresid 

plots were examined for each data set. Homoscedasticity was assumed if there was a 

random scattering of data points (Field, 2009). All Zpred*Zresid plots (see Figures 8-10) 

showed a random scattering of data that indicated that there was equal variance at each 

level of the predictor variable. 
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Dependent Variable: Achievement Posttest 
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Figure 8. Standardized residual plot for achievement. Model includes intercept, group, 
gender, and pretest achievement scores. Zpred*Zresid plots were examined for a random 
scattering of data points to test for homoscedasticity. 

Dependent Variable: Affect Content Postest 
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Figure 9. Standardized residual plot for affect toward content. Model includes intercept, 
group, gender, and pretest content affect scores. Zpred*Zresid plots were examined for a 
random scattering of data points to test for homoscedasticity. 
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Dependent Variable: Affect Teacher Postesl 
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Figure 10. Standardized residual plot for affect toward teacher. Model includes intercept, 
group, gender, and pretest affect teacher scores. Zpred*Zresid plots were examined for a 
random scattering of data points to test for homoscedasticity. 

Multivariate Results for Achievement and Student Affect 

The first research question was the omnibus question that addressed whether there 

was a difference between the individualized corrective group and the general study guide 

group when examining all three measures (achievement, affect toward content, and affect 

toward teacher) simultaneously while controlling for gender. To examine the differences 

between the two groups, multivariate repeated measures tests were used with two within 

factors, pretest/posttest and measure (unit test/affect teacher/affect content), and two 

between factors, group and gender. The multivariate results were used to address the first 

research question. 

The first hypothesis was that for juniors in a general-level biology class at a city 
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high school in the southeast United States, the group that received individualized 

correctives would have higher achievement on teacher-made tests, higher affect toward 

content, and higher affect toward the teacher than students that did not receive 

individualized correctives as part of the mastery learning cycle of assessment. The null 

hypothesis was that there was no difference between the correctives group and the non-

correctives group in terms of achievement on teacher-made tests or student affect toward 

content or teacher. Based on the results of the multivariate repeated measures test there 

was not enough evidence to reject the null hypothesis. The differences between the 

individualized corrective group and the general study guide group were not statistically 

significant on the multivariate tests using Pillai's trace, V = 0.00, F(3, 93) = 0.03,/? = 

.995, partial q2 = .00. 

Univariate Results for Achievement and Student Affect 

The second research question addressed whether there was a statistically 

significant difference in the student achievement on teacher created assessments of high 

school biology students who received individualized correctives as part of mastery 

learning compared to students who did not receive individualized correctives when 

controlling for gender. The third and fourth research questions examined whether there 

was a statistically significant difference in the student affect toward content or teacher of 

high school biology students who receive individualized correctives as part of mastery 

learning compared to students who do not receive individualized correctives when 

controlling for gender. 

To examine the differences between the two groups, multivariate repeated 

measures tests were used with two within factors, pretest/posttest and measure (unit 
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test/affect teacher/affect content), and two between factors, group and gender. The 

univariate results were used to evaluate the results of the second, third, and fourth 

research questions. Because there were only two levels of each within variable, sphericity 

was assumed. The univariate results from the repeated measures analysis gave the same 

results as ANOVA analyses on the gain scores for each measure (Stevens, 2002). In 

addition, ANCOVA tests were run for each measure separately. Because three separate 

ANCOVAs were run, the Bonferroni correction was used to adjust the criteria for 

rejecting the null hypotheses to .05/3 = .017. 

The second hypothesis was that for juniors in a general-level biology class at a 

city high school in the southeast United States, the group that receives individualized 

correctives would have higher achievement on teacher-made tests than students that did 

not receive individualized correctives as part of the mastery learning cycle of assessment. 

The null hypothesis was that there was no difference between the correctives group and 

the non-correctives group in terms of achievement on teacher-made tests. 

Based on the results of the multivariate repeated measures test there was not 

enough evidence to reject the null hypothesis. Estimated marginal means on the 

achievement posttest were higher for the individualized corrective group (M= 22.70, SE 

= 0.69, 95% CIs [21.34, 24.06]) than the study guide group (M= 22.01, SE = 0.69, 95% 

CIs [20.63, 23.38]) when controlling for gender, but there was not a statistically 

significant difference on the univariate test, F(l, 95) = 0.00,/? = .995, partial r\2- .00. 

Figure 11 illustrates how scores in both groups increased from pretest to posttest on the 

achievement test in a similar manner as is evidenced by the parallel appearance of the 

lines. Results from the ANCOVA showed there was also no significant difference 
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between the estimated marginal means for achievement posttest scores for the 

individualized corrective (M= 22.54, SE = 0.64, 95% CIs [21.26, 23.81]) or study guide 

(M- 22.14, SE = 0.65, 95% CIs [20.85, 23.42]) groups using the pretest score as a 

covariate and controlling for gender, F(1, 95) = 0.19, p = .663, partial x\ = .00. 

u 20.0-

1S.0-

12.5-

Pretest Posttest 

Test Administration 

Experimental Croup 
— Individualized Corrective 
— Study Guide 

O Individualized Coriectrve 
• Study Guide 

Figure 11. Estimated marginal means of pretest and posttest scores for the achievement 
test for the individualized corrective group and the general study guide group. 

The third hypothesis was that for juniors in a general-level biology class at a city 

high school in the southeast United States, the group that received individualized 

correctives would have a more positive student affect toward content than students that 

do not receive individualized correctives as part of the mastery learning cycle of 
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assessment. The null hypothesis was that there would be no difference between the 

correctives group and the non-correctives group in terms of student affect toward content. 

Based on the results of the multivariate repeated measures test there was not 

enough evidence to reject the null hypothesis. Estimated marginal means on the affect 

toward content posttest were higher for the individualized corrective group (M = 37.81, 

SE = 1.48,95% CIs [34.86,40.75]) than the study guide group (M= 34.50, SE = 1.50, 

95% CIs [31.53, 37.47]) when controlling for gender, but the results were not statistically 

significantly different on the univariate test, F(l, 95) = 0.08,/? = .784, partial r\= .00. 

Figure 12 illustrates how scores in both groups decreased from pretest to posttest on the 

student affect toward content measure in a similar manner. ANCOVA results indicated 

that there was also no significant difference between the estimated marginal means on the 

affect toward content posttest scores on the individualized corrective (M= 37.19, SE = 

1.35, 95% CIs [34.51,39.88]) or study guide (M= 35.19, SE= 1.37,95% CIs [32.48, 

37.91]) groups using the pretest score as a covariate and controlling for gender, F(l, 95) 

= 1.07, p = .304, partial r|2 = .01. 

The fourth hypothesis was that for juniors in a general-level biology class at a city 

high school in the southeast United States, the group that received individualized 

correctives would have a more positive student affect toward the teacher than students 

that do not receive individualized correctives as part of the mastery learning cycle of 

assessment. The null hypothesis was that there would be no difference between the 

correctives group and the non-correctives group in terms of student affect toward teacher. 

Based on the results of the multivariate repeated measures test there was not 

enough evidence to reject the null hypothesis. Estimated marginal means on the affect 
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toward teacher posttest were higher for the individualized corrective group (M= 39.09, 

SE = 1.72, 95% CIs [35.68,42.50]) than the study guide group (M= 38.54, SE = 1.73, 
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Figure 12. Estimated marginal means for the pretest and posttest scores for student affect 
toward content for the individualized corrective group and the general study guide group. 

95% CIs [35.10, 41.98]) when controlling for gender, but the results were not statistically 

significantly different on the univariate test, F(l, 95) = 0.04,/? = .851, partial r|2= .00. 

Figure 13 illustrates how scores in both groups decreased from pretest to posttest on the 

student affect toward teacher measure in a similar manner. There was also no significant 

difference on the ANCOVA results between the estimated marginal means for the affect 

toward teacher posttest scores on the individualized corrective (M= 39.00, SE = 1.66, 

95% CIs [35.70,42.30]) or study guide (M= 38.49, SE = 1.68, 95% CIs [35.16,41.82]) 
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groups using the pretest score as a covariate and controlling for gender, F(l, 95) = 0.05, p 

= .830, partial r\ = .00. 
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Figure 13. Estimated marginal means for the pretest and posttest scores for student affect 
toward teacher for the individualized corrective group and the general study guide group. 

Summary 

Results from the repeated measures multivariate test showed that all differences 

between the individualized corrective group and the general study guide group were not 

statistically significant when controlling for gender. The null hypothesis for all four 

hypotheses could not be rejected using inferential statistics. Based on these results, the 

use of individualized correctives and enrichment as part of mastery learning could not be 

identified as causing a difference in achievement or student affect. The possible reasons 
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behind these results are discussed in the next section as well as implications for future 

research. 



CHAPTER 5 

FINDINGS, CONCLUSIONS, AND IMPLICATIONS 

In the following chapter, I provide an overview of information that reviews the 

theory and data from the study, discusses conclusions drawn from this data, and discusses 

implications for future research. First, I give an overview of the study and the research 

questions that were explored. I then present findings from the inferential analysis of the 

data collected and explore possible conclusions that can be drawn from this data and what 

that means in terms of mastery learning theory. I discuss the implications of these 

conclusions for the use of mastery learning and formative assessment and share 

suggestions for future areas of research. 

Summary of the Study 

The primary question examined in the current study was whether individualized 

correctives, as part of mastery learning, had a significant impact on student achievement 

and student affect in a high school biology course. Students were randomly assigned into 

one of two groups. The first group received individualized correctives and enrichment 

based on the results of a formative assessment and the second group all received the same 

general study guide regardless of the results of the formative assessment. Student 

achievement was measured using a teacher-created unit test, and student affect toward 

content and teacher were measured using the Instructional Affect Assessment Instrument 

(IAAI). 

135 
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Research Questions 

There are four research questions for this study. The first research question is the 

omnibus question that addresses if there is a difference between the individualized 

corrective group and control group for all three measures. The three research questions 

that follow address if there was a difference between groups on each measure separately. 

1. Is there a statistically significant difference in the student achievement on teacher 

created assessments, student affect toward content, and student affect toward 

teacher of high school biology students who receive individualized correctives as 

part of mastery learning compared to students who do not receive individualized 

correctives when controlling for gender? 

2. Is there a statistically significant difference in the student achievement on teacher 

created assessments of high school biology students who receive individualized 

correctives as part of mastery learning compared to students who do not receive 

individualized correctives when controlling for gender? 

3. Is there a statistically significant difference in the student affect toward content of 

high school biology students who receive individualized correctives as part of 

mastery learning compared to students who do not receive individualized 

correctives when controlling for gender? 

4. Is there a statistically significant difference in the student affect toward the 

teacher of high school biology students who receive individualized correctives as 

part of mastery learning compared to students who do not receive individualized 

correctives when controlling for gender? 
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Basis in Research Literature 

Bloom (1968) developed the system of mastery learning as an alternative method 

of using assessment to help students become successful in the classroom. Block and 

Anderson (1975) adapted Bloom's theory of mastery learning for use in the classroom. 

Guskey (1997,2007a) later updated the application of mastery learning to make it less 

prescriptive and defined the two most important elements of mastery learning as the 

feedback/corrective/enrichment cycle and the alignment of instructional components. 

Mastery learning has been researched extensively since its inception, and meta

analyses have been conducted on the vast amount of research on mastery learning that 

has been conducted. Most of the researchers found strong positive results for mastery 

learning in terms of achievement, student affect and retention (Guskey and Gates, 1985, 

1986; Guskey & Pigott, 1988; Kulik et al., 1990a) with one exception (Slavin, 1987a). 

Mastery learning has resulted in mixed results in high school biology, with statistically 

significant increases in achievement but small effect sizes (Lueckemeyer, 1979; 

Lueckemeyer & Chiappetta, 1981), smaller effects for different types of learners (Lai & 

Biggs, 1994), or unclear results (Hoenig, 1996). Mastery learning has also been shown to 

have a positive influence on student affect, although to less of a degree than achievement 

and with less empirical evidence (Guskey and Gates, 1985, 1986; Guskey & Pigott, 1988; 

Kulik et al., 1990a). Mastery learning has also been shown to have a leveling effect when 

the gender of the student is a contributing factor to student affect and both factors might 

also interact with student achievement. (Clark et al., 1983). 

The development of correctives following formative assessment started with a 

general idea provided by Bloom (1968), was further developed and codified for 
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classroom use by Block and Anderson (1975), and the idea of enrichment was added 

along with general guidelines were added by Guskey (1997). The three essential 

characteristics of corrective activities are that they must present the concepts differently 

than originally presented, involve students in learning in different ways, and provide 

students with successful learning (Guskey, 1997). Research has shown the effectiveness 

of remediation following diagnostic assessment in various contexts and formats (Benson 

& Yeany, 1986; Fiel & Okey, 1975; Hymel & Mathews, 1980; Yeany et al, 1980). The 

use of correctives in mastery learning also influenced the instructional strategy of 

differentiation (Guskey, 2007b; Tomlinson, 2004). 

Formative evaluation was defined by Scriven (1967) and then adopted by Bloom 

(1968) to inform the use of formative assessment as an original part of mastery learning. 

Formative assessment has to take place during the course of a unit of instruction and is 

used to adjust the teaching and learning of both the teacher and the student (American 

Public University System, 2005; Chandler et al., 2009; Darling-Hammond & Bransford, 

2005; Guskey, 1997; Popham, 2006). Black and Wiliam (1998/2010) found that 

formative assessment increased student achievement with an effect size between 0.4 and 

0.7 and suggested that formative assessment has the best chance of improving student 

learning. 

Although the Black and Wiliam study has influenced classroom practice, the need 

exists for more research on formative assessment (Dunn & Mulvenon, 2009). Mastery 

learning is an organized form of formative assessment that provides a structure for use in 

the classroom. To fully understand mastery learning and formative assessment there 

needs to be a clear understanding of the roles of feedback and corrective activities in the 
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adjustment of teaching and learning. More research can be done that explores these 

components of mastery learning and the results can be used to clarify the impact of 

formative assessment on learning. 

Population 

The study population consisted of third-year general-level high school biology 

students enrolled in public schools in the southeastern United States. Subjects in this 

design were 99 high school juniors in five sections of heterogeneous biology classes at a 

Southeastern high school in a community school system. Students in this population had 

been previously exposed to mastery learning strategies, especially in their previous 

science classes, physics and chemistry. Students were enrolled in sections of biology 

based on openings in the class and availability in the individual schedules based on 

enrollment in elective courses and positioning of the courses in the master schedule. 

Students enrolled in Advanced Placement (AP) Biology were not enrolled in any of the 

heterogeneous biology courses, so the sample was not truly representative of the entire 

population as many of the gifted-labeled and science-proficient students were not 

available to sample. The researcher is a member of the faculty of the aforementioned high 

school and chose the school as the setting of the study. The researcher taught four of the 

five classes. The fifth class was taught by another teacher who followed the same plans as 

the researcher for all of the classes in the unit. 

Findings 

Several separate analyses were used to examine the differences between the 

individualized corrective group and general study guide group based on gender. All four 

research questions were examined with a multivariate repeated measures test with two 
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within factors, pretest/posttest and measure (unit test/affect teacher/affect content), and 

two between factors, group and gender. The multivariate results were used to assess the 

omnibus research question, and the univariate results were used to determine if the 

differences between groups were different for each individual measure. The univariate 

results are the same as running ANOVA analyses on the gain scores for each measure. 

ANCOVA tests have greater statistical power, more edifying assumptions, and avoid the 

unreliability of using gain scores (Dugard & Todman, 1995; Knapp & Schafer, 2009). 

Therefore, ANCOVA tests, using the pretests as covariates and controlling for gender, 

were also used to examine the differences between groups for research questions two, 

three, and four. 

The differences between the individualized corrective group and the general study 

guide group were not statistically significant on the multivariate tests using Pillai's trace, 

V= 0.00, F(3, 93) = 0.03,/? = .995, partial r\2- .00. Therefore, there was no statistically 

significant difference between the individualized corrective group and the general study 

guide group when considering all three measures simultaneously: achievement and 

student affect for content and teacher. For achievement, the univariate results from the 

r e p e a t e d  m e a s u r e s  t e s t ,  F ( l ,  9 5 )  =  0 . 0 0 , / ?  =  . 9 9 5 ,  p a r t i a l  r | 2 =  . 0 0 ,  a n d  t h e  A N C O V A ,  F ( \ ,  

95) = 0.19,p = .663, partial r)2= .00, indicated that there were no differences between 

groups. Repeated measures univariate results, F(l, 95) = 0.08,/? = .784, partial r|2= .00, 

and ANCOVA results, F(l, 95) = 1.07,/? = .304, partial r)2= .01, also showed no 

differences between groups on the IAAI student affect toward content measure. There 

were also no differences between groups on the student affect toward teacher measure on 
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the repeated measures univariate results, F(l, 95) = 0.04, p = .851, partial ri2= .00, or the 

ANCOVA, F(l, 95) = 0.05,/? = .830, partial x?= .00. 

Conclusions 

Because none of the null hypotheses were rejected, it is not possible to assert that 

that individualized correctives cause higher achievement or improve student affect. These 

conclusions do not indicate the efficacy of group-based mastery learning in general, only 

the use of individualized correctives with this population in the subject of biology. At 

best, it is possible to conclude that, using this particular treatment on this population, 

individualized correctives are not any more effective than the general study guide in 

terms of achievement and student affect. 

There are three possible reasons why there was not a difference between the 

individualized corrective group and the general study guide group. First, the corrective 

phase of mastery learning is not a part of mastery learning that has substantial impact on 

achievement and student affect. Second, it is not possible to isolate the effects of specific 

aspects of mastery learning. Third, the corrective phase, in isolation, does have a 

significant effect on achievement or student affect, but this research design was not able 

recognize differences between the groups. 

Importance of Correctives 

The absence of any gains by the individualized corrective group conflict with the 

idea put forth by several researchers (Clark et al., 1983; Guskey, 1997; Mevarech, 1985) 

that identify data driven corrective activities and individualized instruction as the key 

aspect of mastery learning that increases achievement and student affect. In this study, 

individualized correctives were isolated as the only difference between two groups of 
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biology students who were using mastery learning. The individualized correctives 

contained three essential characteristics as identified by Guskey (1997): they presented 

the concepts differently, involved the students in different ways of learning, and provided 

students with successful learning experiences. Since there was no statistical difference 

between groups it is possible that any gains in achievement or student affect prescribed to 

mastery learning (Guskey and Gates, 1985, 1986; Guskey & Pigott, 1988; Kulik et al., 

1990a) are the results of other features of mastery learning. Guskey (2010) identifies pre-

assessment, quality whole class instruction, formative assessments, correctives, 

secondary formative assessments, enrichment, and summative assessment as components 

of properly implemented mastery learning. Students in both groups were exposed to all of 

these elements except for correctives and enrichment. 

Interventions that have the same qualities as individualized correctives have been 

linked to gains in achievement and positive effects on student outlook, but these methods 

were not tested using the entire mastery learning cycle. Fiel and Okey (1975) identified 

additional instruction as more effective than additional practice or no remediation 

following diagnostic testing, but the remediation took place every other day for six days. 

Hymel and Mathews (1980) found that specific correctives were not statistically more 

effective than general correctives in increasing achievement, although any form of 

corrective increased achievement over no correctives. Specific correctives also resulted in 

more positive student evaluations than either general or no correctives. However, there 

were no secondary tests or retakes, used in this study, only a summative exam to measure 

achievement, and there is no mention of time equalization between groups. Slavin 

(1987a) identified ineffective correctives, correctives not being provided frequently 
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enough, loss of learning time on correctives, and even an overall lack of effectiveness in 

the feedback and corrective process for the lack of achievement gains in his meta

analysis. Slavin also proposed that repeated testing of students might result in increased 

achievement because many mastery learning designs did not control for amount of testing 

in control groups. 

Although this study did control for amount of testing, the other aspect of mastery 

learning that deserves more attention is the use of initial formative assessments followed 

by secondary formative assessments, or retakes. One meta-analysis identified mastery-

style testing as the critical component of mastery learning, however there are many 

factors that influence the impact of different forms of testing including mastery criteria 

and amount of feedback (Kulik & Kulik, 1986-1987). It has also been suggested that 

diagnostic testing and objectives without any remediation is enough to cause increases in 

achievement (Yeanyetal., 1979). 

Meta-analysis results suggest that increasing the amount of testing overall does 

not increase achievement beyond the first test (Bangert-Drowns, et al., 1991). These 

results suggest that students taking one test before the summative assessment showed 

substantial improvement over students taking no tests, but students who took more than 

one test did not show a substantial gain compared to students who took just one test. 

Researchers in this analysis excluded studies that compared mastery learning to 

traditional classrooms and only investigated studies that compared frequency of testing. 

Frequent testing also resulted in significant improvement of attitude toward instruction, 

although this was based on a limited number of studies. Increasing the amount of testing 
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has been shown not to increase achievement but might cause the increase in student affect 

(Bangert-Drowns et al., 1991). 

However, there might be a testing effect that takes place where learning is 

increased due to repeated testing. Testing without feedback has been shown to increase 

long-term (one week) retention of recall material (Roediger and Karpicke, 2006). 

Unsuccessful attempts to answer simple questions or questions connected to essays 

increased learning more than being shown the answer with the question or being provided 

with equivalent study time (Kornell et al., 2009; Richland et al., 2009). Richland et al. 

(2009) suggest that instruction following a test does not need to be focused on errors 

made by individual learners, but can instead point students toward key content that builds 

on the cognitive activity from when students unsuccessfully answered questions. In 

mastery learning the first test is a learning experience that could result in increased 

achievement by itself without feedback or correctives. 

It is also possible that the effects of individualized correctives differ by content. 

There might be an "interaction of causal effect with setting" (Shadish et al., 2002, p. 89) 

that depends on the subject matter. Some subjects, like math and chemistry, have 

sequential units in which learning in later units builds on material contained in earlier 

units (Bloom et al., 1971). This has a cumulative effect as students proceed through 

successive units, and by the end of the semester or school year only about 20% of the 

students in the class understand all of the material (Guskey, 1997). An alternate model to 

explain mastery learning might be that there is an interaction between repeated testing 

and individualized correctives where each aspect's effectiveness changes depending on 

the content. 
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Isolation ofAspects of Mastery Learning 

Another possibility is that it is not feasible to isolate one aspect of mastery 

learning and test for the effects experimentally. This is a threat to external validity that 

Shadish et al. (2002) called an "interaction of the causal relationship over treatment 

variations" (p. 88) where effects from an intervention do not transfer when only part of 

the intervention is used. It is probable that the sum is greater than its parts, and if one 

component of mastery learning is changed then the student will use other elements of the 

cycle to meet their goals. The various elements of pre-assessment, quality whole class 

instruction, formative assessments, correctives, secondary formative assessments, 

enrichment, and summative assessment identified by Guskey (2010) all interact with each 

other to increase learning, and other components can make up the difference if one 

component is weak or absent. 

For instance, Kulik et al. (1990a) identified increased feedback on tests in the 

mastery learning groups as one of the five elements of studies that resulted in particularly 

large effect sizes from their meta-analysis. However, it would be extremely difficult to 

use formative assessment with retakes in any form and not provide the students with 

feedback. In this study, both groups received feedback from their first formative 

assessment. Students were then given time to work on their deficiencies using 

individualized correctives or a general study guide. Then they were given another 

formative assessment where they received more feedback. All of this took place before 

the summative assessment that was used to measure achievement. 
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Problems with the Research Design 

There are several areas where the design of the study might have not been ideal to 

test for differences using individualized correctives. The content area of biology might be 

a subject where mastery learning has less of an overall effect, making it difficult to test 

isolated parts of mastery learning. In an effort to equalize time on task, the difference 

between the treatments might not have been great enough. The treatment also took place 

over a long period of time, which might have diluted the differences. Also, the 

randomized design might have allowed for a crossover between the groups, specifically 

in the area of student affect. 

Shadish et al. (2002) listed "interactions of causal relationship with setting" (p. 

89) as one of the threats to external validity, and the classroom setting influences the 

subject matter taught. Biology is certainly not one of the subject areas where especially 

large effect sizes have been found. Bloom et al. (1971) suggested that some subjects, like 

math and chemistry, have sequential units in which learning in later units builds on 

material contained in earlier units. Biology, unlike other sciences, is not sequential in 

nature and much of the learning is rooted in vocabulary acquisition rather than building 

on previous information. In meta-analyses other subject areas tend to produce the larger 

effect sizes. Kulik et al. (1990a) determined that effects of mastery learning tended to be 

largest in subjects dealing with the social sciences. Guskey and Pigott (1988) found the 

largest and only homogenous group effect sizes in the social studies and science. Guskey 

and Gates (1986) found the lowest effect sizes for science when only elementary through 

secondary level studies were considered. When high school biology is studied by itself, 
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effect sizes have been shown to be extremely small (Lueckemeyer, 1979; Lueckemeyer 

& Chiappetta, 1981). 

One of the goals of this study design was to equalize time between the two 

groups. This was to address criticisms of previous mastery learning research that gains 

were mainly due to the extra exposure to content that mastery learning groups received 

compared to control groups (Slavin, 1987a, 1987b). Guskey (1997) identified one of the 

two most important elements of mastery learning as the feedback/corrective/enrichment 

cycle and the alignment of instructional components. The most important aspect of 

correctives is that they present the material to the students in a different manner than they 

saw when they learned the material during the initial group instruction and enrichment 

needs to be rewarding and challenging (Block, 1977, 1980; Guskey, 1997). To provide 

the group that did not receive individualized correctives equal exposure to content and 

time on task they were given a general study guide that did not meet the qualifications for 

correctives. Examples of the differences between the two treatments can be seen in 

Appendix G and Appendix H. If the differences in treatment were not strong enough, 

there might be a threat to construct validity Shadish et al. (2002) called "confounding 

constructs with level of constructs" (p. 76). 

Although the general study guides were not differentiated, combined with the 

results from the formative test they might have still provided a method for the students to 

reach specific learning goals (Black & Wiliam, 1998/2010). Because all of the students in 

the experiment were exposed to mastery learning in previous science classes, there might 

have been a treatment diffusion threat to construct validity (Shadish et al, 2002). 

Students' previous exposure to mastery learning might have also taught them the 
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processing skills to improve their own learning even with a weaker form of correction 

(Bloom, 1984). 

Although there might be concern that the teacher-created achievement test was 

not sensitive enough to detect differences, this is probably not an area for concern. Kulik 

et al. (1990a) noticed that teacher-developed tests resulted in larger effect sizes than 

standardized tests. Standardized tests are not necessarily more valid because they do not 

always have strong content or construct validity, do not actually cover both content and 

mastery, and tests should align specifically to what is being taught in both groups 

(Anderson & Burns, 1987). 

Another possibility was that the treatment was too spread out. Data were collected 

for one unit of biology that covered thirteen weeks of instruction and three formative 

assessments. Guskey and Gates (1985) noticed decreases in effect sizes for achievement 

related to the length of the study. The authors proposed that the differences might have 

been due to the Hawthorne effect, a wider range of topics in the longer studies that 

involved more of the students' prior knowledge, and that longer studies represented more 

typical and realistic classroom settings. Student's prior exposure to mastery learning 

reduces the possibility of the Hawthorne effect, and the goal of the experiment was to test 

individualized correctives in a realistic classroom setting. Also, prior knowledge should 

have been accounted for with the pretest as a covariate and the random assignment of 

participants combined with statistical evidence that there was no initial difference 

between groups. Retention across the time span of the study should not have been an 

issue, as mastery learning has been shown to increase retention in many studies (Guskey 

& Gates, 1985, 1986; Guskey and Pigott, 1988; Kulik et al, 1990a). 
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Random assignment should have also accounted for other confounding factors 

that relate to achievement associated with mastery learning. Greater gains for low 

achieving students reported by Fuchs et al. (1986), Kulik and Kulik (1986-1987), and 

Ironsmith and Eppler (2007) should have been equalized by the pretest. However, Lai 

and Biggs (1994) suggested that students' approaches to learning influenced achievement 

and attitude toward mastery learning with surface learners experiencing greater gains and 

more positive attitudes toward the technique than deep learners. Although higher order 

thinking questions were used in the assessments for this study, learning approach might 

have confounded the results. Because learning approach was not accounted for, if one 

group contained a different mixture of surface and deep learners then the benefits of 

individualized correctives might have been reduced. 

Other classroom variables that might have a greater impact on student affect 

would also explain the decline of both groups from pretest to posttest on both measures 

of student affect. Several of these factors that can influence student affect are connected 

to teacher behavior. Chesebro and McCroskey (2001) found state receiver apprehension, 

anxiety resulting from possibly not being able to understand or process a message sent by 

another individual, resulted in a decrease in student affect for the teacher and course, 

while teachers who are clear and practice immediate teaching behaviors lower receiver 

apprehension and improve student affect. The teacher communication qualities of clarity, 

immediacy, assertiveness, and responsiveness result in strong positive correlations with 

high student motivation and affect for the teacher and course content (McCroskey et al., 

2006). Teacher misbehaviors, classified as indolence, incompetence, and offensiveness, 

increasingly lowered student affect in that order (Banfield et al., 2006). 
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Student characteristics might have also influenced student affect scores. Students 

classified as indifferent or ambivalent tend to have negative correlations with affect for 

both teacher and content, while upward mobile students have positive affects. (Tibbies et 

al., 2008). Upwardly mobile students are students that seek success in school and identify 

with the procedures and policies of school. Indifferent students see school as a means to 

an end but see their lives as separate from school, and ambivalent students are intelligent 

introverts with specialty interests that do not work well with authority. Therefore, 

decreases in student affect might have been a result of either teacher behavior or related 

to inherent student characteristics. 

There might also be issues with internal validity, such as history or maturation, 

which might have had an influence on affect scores (Shadish et al., 2002). History is 

when anything happens at the same time as the treatment that results in the same outcome 

even if there was no treatment (Shadish et al., 2002). This includes teacher behaviors and 

student characteristics referenced above, and also other instances that might influence 

student affect, such as the teacher enforcing dress code or other school policies, that 

result in a negative student affect that has no relation to the mastery learning. Maturation 

might also explain the decrease in affect, as the posttest measure took place late in the 

second semester, right before the Thanksgiving break, which is the longest time students 

are in school without a week-long break all year. Maturation is any change that might 

have taken place in the absence of the treatment (Shadish et al., 2002). Student affect 

toward teacher and content might have been low at that point in the year even if no 

experiment took place. The scores on the pretest might have been elevated scores due to a 

novelty effect of being asked to rate the class and teacher at the beginning of the school 
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year (Shadish et al., 2002). This might have combined with the history and maturation 

effects to produce a net loss in student affect over the course of the experiment. 

Gains in student affect are also not as strong as gains in achievement in mastery 

learning research (Guskey & Gates, 1985; Guskey & Pigott, 1988; Kulik et al, 1990a). 

Guskey and Gates (1985) hypothesized that these scores might increase in longer studies 

due to the tendency of student affect to not change over short periods of time or possibly 

decrease if the effect sizes were due to the Hawthorne effect. In this case, because 

students were used to mastery learning and the approach was not novel for them, a 

disruption effect might explain why student affect scores decreased (Shadish et al., 2002). 

Students were accustomed to the effective assessment strategy of mastery learning. When 

the new strategy of giving some students a general study guide was introduced, this might 

have caused a negative response that caused a drop in affect for both groups, especially if 

the treatment was seen as inequitable by the entire student population (Banfield et al., 

2006). 

It is also possible, although less likely, that there was resentful demoralization 

among students in the general study guide group, if they perceived their intervention as 

less effective, that combined with a form of treatment diffusion that took place as 

students who had a negative response to the general study guide carried that negative 

reaction with them into other areas of the classroom experience (Shadish et al., 2002). 

Students in the individualized correctives groups, who received their treatment 

independently, might still have reacted to social influences from classmates who received 

the general study guide and gave lower ratings on the affect instrument. When the 

posttest measures of student affect were collected, the scores were collected 
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independently with no talking allowed while the measure was out. However, at that point 

the negative impact on student affect had already spread to both groups. 

It is important to point out that the lack of differences between groups is not an 

indictment of the use of mastery learning. Mastery learning has been shown to be an 

effective instructional strategy for improving learning and student perceptions of 

education. However, if the results of this study are replicated and generalizability is 

assumed, there are implications to the application of mastery learning in the classroom. 

Implications 

One issue that directly affects the use of mastery learning is whether teachers 

should bother with individualized correctives. One of the reasons that mastery learning is 

not more widespread is that teachers question the amount of work and effort involved in 

creating mastery learning units (Block & Anderson, 1975). It is possible that it is not 

necessary to differentiate remediation, present the concepts differently, or involve the 

students in different ways of learning as recommended by Guskey (1997) following a 

formative assessment. Teachers will not want to design a series of correctives and 

enrichment activities if the benefits are small or nonexistent (Arlin, 1982). 

Another concern is the class time involved in implementing mastery learning 

strategies. Mastery students spend more time learning the material than students in 

nonmastery classrooms (Arlin & Webster, 1983). A great deal of that time is spent in 

class working on correctives. It is a problem for teachers to figure out where to obtain the 

time to provide correctives for slower learners and finding meaningful activities for the 

faster students (Arlin, 1982). Using this class time to help the slower students might also 
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result in the Robin Hood effect where time is stolen from the faster students to provide 

time for the slower students (Arlin 1984a, 1984b; Arlin & Webster, 1983). 

If the results of this study are applied to the wider topic of formative assessment, 

it shows that differentiation and formative assessment might not be enough. Although the 

positive effects of formative assessment are generally accepted in education, more 

research is necessary to determine how the results of formative assessment can be used to 

increase student achievement (Dunn & Mulvenon, 2009). Popham (2006) stated that 

formative assessment should be used to change, alter, or give additional opportunities for 

learning and at least half of the benefit of formative assessment is located in the student 

being incorporated in the learning process. This involvement changes the student on 

cognitive and affective levels that result in greater achievement. For the full benefits of 

formative assessment to be realized, repeated testing in addition to differentiation might 

be necessary. In other words, the full mastery learning cycle might need to be used, 

which includes pre-assessment, quality whole class instruction, formative assessments, 

correctives, enrichment, secondary formative assessments, and summative assessment 

(Guskey, 2010). The form that the correctives and enrichment take could be the least 

important element, as long as students have additional time to work on the material. 

However, before applying these results to the classroom, and to further understand the 

best way to use formative assessment and mastery learning in the classroom, more 

research needs to be done in this area. 

Future Research 

More research on the use of individualized correctives and their direct effect on 

achievement and student affect needs to take place in other subject areas and with 
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different populations of students. This is necessary if any sort of generalizable results can 

be drawn about the benefits of individualized correctives and whether they are worth the 

time or effort. In science, chemistry or physics would be excellent areas to study because 

they have sequential units where learning in later units builds on material contained in 

earlier units (Bloom et al., 1971). If individualized correctives do have an effect, the 

cumulative nature of learning in these subjects could result in a greater difference 

between groups. Research focused on individualized correctives should also take place in 

math, the social sciences, and language arts as well as in elementary schools and colleges. 

Further studies in this area might use a quasi-experimental approach to reduce 

issues with construct and internal validity (Shadish et al, 2002). The gain in power from 

randomized assignment of students to control and experimental groups means giving up 

the ability to make the treatments too distinctive. If students are in different classes, then 

the students in the general study guide group could be required to retake the whole test 

rather than retake just a portion. Tests could also be formatted slightly differently so the 

non-individualized corrective group gets less feedback from the results of their tests. The 

study guide could be made less structured and not tied to resources. This would increase 

the differences in treatment while still equalizing for exposure to content and class time. 

Another area for further research is the use of repeated testing in mastery learning. 

Such research would have to be quasi-experimental in nature, and structured so all 

students get the same correctives but one group gets retakes and the other does not. For 

ethical reasons, no grades could be tied to the test results, so the duration of such a study 

might need to be shorter. Measures would need to be taken to equalize time on topic. One 
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possibility is to have students in the non-retake group use the retake time to review their 

first test. 

An additional area for further study is the interaction between repeated testing and 

individualized correctives in various populations and content areas. To test for this a three 

group quasi-experimental design could be set up where one group of students receives 

correctives following formative testing without retesting, another gets repeated testing 

without correctives, and a third group receives full mastery learning. This could be 

repeated for several subjects with different types of content to determine trends in 

achievement and student affect. 

One more possible area to research is how previous exposure to mastery learning 

impacts student affect. To account for the novelty of the mastery learning approach 

introducing a Hawthorne effect, studies could be designed to compare affect 

measurement results with groups exposed to mastery learning to groups that have never 

used mastery learning before, or use previous exposure to mastery learning as a covariate. 

Qualitative research could also be conducted on students who are familiar with mastery 

learning after being exposed to nonindividualized correctives. The opinions of students 

who are used to getting differentiated feedback would provide useful information 

whether the lack of individualization affected their ability to increase their achievement 

and how that in turn altered their perceptions about the course, subject matter, and 

teacher. 

Summary 

The present study was designed to pinpoint whether the use of individualized 

correctives as part of mastery learning resulted in increases in achievement and student 
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affect. The use of differentiated corrective activities was a likely area to investigate for 

causation (Clark et al., 1983; Guskey, 1997; Mevarech, 1985). Mastery learning is still 

being studied and recommended as effective for increasing achievement (Guskey, 2007a, 

2010; Zimmerman & Dibenedetto, 2008), especially in science (Wambugu & 

Changeiywo, 2008). Processes that are being implemented throughout school systems 

across the country, such as Response to Intervention (RTI), can also be addressed with 

mastery learning (Guskey, 2010). Mastery learning is still being used, researched, and 

recommended to teachers, which suggests that it is not an antiquated notion and should 

continue to be researched and refined. 

It is important to establish the effectiveness or ineffectiveness of individualized 

correctives. To correctly use this aspect of mastery learning takes time and energy to 

create and use correctives. How teachers use formative assessment data to adjust teaching 

and learning is directly related to the use of correctives in mastery learning. While the 

results of this study cannot be generalized so broadly, the results indicate there may be 

areas for further study in the realm of formative assessment and instructional 

interventions. Although the positive effects of formative assessment are generally 

accepted in education, research results are flawed or limited and further investigation is 

required to determine the full influence of formative assessment on student achievement 

(Dunn & Mulvenon, 2009). 

Several separate analyses were used to examine the differences between the 

individualized corrective group and general study guide group based on gender. The first 

four research questions were examined with a multivariate repeated measures test with 

two within factors, pretest/posttest and measure (unit test/affect teacher/affect content), 
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and two between factors, group and gender. The multivariate results were used to assess 

the omnibus research question, and the univariate results were used to determine if the 

differences between groups were different for each individual measure supported by 

ANCOVA tests, using the pretests as covariates and controlling for gender. 

The differences between the individualized corrective group and the general study 

guide group were not statistically significant on the multivariate tests using Pillai's trace. 

The univariate results from the repeated measures test and the ANCOVA tests indicated 

that there were no differences between groups on individual measures. Therefore, there 

was no statistically significant difference between the individualized corrective group and 

the general study guide group when considering all three measures, achievement and 

student affect for content and teacher, simultaneously or individually. 

Because none of the null hypotheses were rejected, it is not possible to assert that 

that individualized correctives caused higher achievement or improved student affect. 

Certainly no conclusions can be made about group-based mastery learning in general. At 

best, it is possible to conclude that, using this particular treatment on this population, 

individualized correctives were not any more effective than the general study guide in 

terms of achievement and student affect. 

There are three possible reasons why there was not a difference between the 

individualized corrective group and the general study guide group. First, the corrective 

phase of mastery learning is not the part of mastery learning that has the most impact on 

achievement and student affect. Second, it is not possible to isolate the effects of specific 

aspects of mastery learning. Third, the corrective phase, in isolation, does have a 
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significant effect on achievement or student affect, but the research design was not 

powerful enough to recognize differences between the groups. 

The question of what to do after formative assessment is still questionable and 

there is little research in this area (Dunn & Mulvenon, 2009). The results of this study 

demonstrate, for this population, that individualized correctives are not more effective 

than a general study guide as part of a cycle of mastery learning. Still, the framework of 

mastery learning provides an excellent way to test what to do with the results of 

formative assessment. More research needs to be done to measure the effectiveness of 

differentiated instruction based on formative assessment. Clear answers and suggestions 

need to be provided to teachers about how to use formative assessment to improve 

instruction and learning in the classroom. Without clear strategies, proven viable through 

authentic research, the benefits attributed to formative assessment cannot be fully 

realized. 
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InsrtrtiTiona! Bocntf 
jif- /fweo'I 'i inxitfving //••>>!./rr V'</>frrn 

03-Dec-2010 

Mr. Sean DeWeese 
Mercer University 
Mercer University 
Tift College of Education 
Atlanta, GA 30341 

RE: Pilot study of biology unit one test (H1011254 

Dear Mr. DeWeese: 

Your appication entitled: "Pilot study ol biology unit one test (H1011254 was reviewed by this Institutional Review Board for Human Subjects 
Research in accordance with Federal Regulations 2; CFR 56.11Q.'bt and 45 CFR*6.H0ib) (for expedited review) and was approved under 
Category 5 per 63 FR 60364. 

Your application was approved for one year of study on 03-Dec-2010. The protocol expires 03-Dec-2011. If the study continues beyond one year, it 
must be re-evaluated by the IRB Committee. 

New Application 

Please complete the survey for the IRB and the Office of Research Compliance. To access the survey, click on the following link: 
nnDAw.;(»fne,anq.com'Su"VPV/''p-WEB227URK2RBSQ 

It has been a pleasure to worti with you and much success with your project!! 

If you need any further assistance, please feel free to contact our office. 

Mercer University IRB & Office of Research Compiance 
Phone (478) 301-4101 
Fa* (478) 301-2329 
QRC_Merceri9 WeTOr.Edu 

Respectfully. 

Ava ChambSss-Riehardson. BA, CIP. CIM 
Member 
Instutional Review Board 
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far Research ing tfuman SuMorrt 

13-May-2011 

Mr. Sean DeWeese 
Mercer University 
Tift College of Education • Atlanta 
Tift College of Education 
Atlanta. GA 30341 

RE: The Effectiveness of Mastery Learning Correctivs on Achievement and Student Affect (H1105104 

Dear Mr. DeWeese: 

Your application entitled: The Effectiveness of Mastery Learning Correctivs on Achievement and Student Affect" (H1105104 was reviewed by 
this Institutional Review Board for Human Subjects Research in accordance with Federal Regulations 21 CFR 56. •' Oib) and 45CFR46.no 

lb) (for expedited review) and was approved under Category 7 per 63 FR 60364. 

Your application was approved for one year of study on 13-May-2011. The protocol expires 13-May-2012. If the study continues beyond one 
year, it must be re-evaluated by the IRB Committee. 

New Application 

Please complete the survey for the IRB and the Office of Research Compliance. To access the survey, click on the following link: 
•rtPiVwww.zoomyariti.com ••Survey/'>p=WEB227URK2RB6Q 

It has been a pleasure to work with you and much success with your project!) 

If you need any further assistance, please feel free to contact our office. 

Mercer University IRB & Office of Research Compliance 
Phone (476) 301-4101 
Fax (478) 301-2329 
PRC Me-cerfcMercer.Eriu 

Respectfully, 

Ava Chambliss-Richardson. BA. CIP, CIM 
Member 
Instutional Review Board 
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The Effectiveness of Mastery Learning Correctives on Achievement and Student 
Affect 

Parent or Guardian 
Informed Consent Form 

Your child has been asked to participate in a research study entitled The Effectiveness of 
Master) Learning Correctives on Achievement and Student Affect. 

Investigators 
Sean DeNVeese 
B.A. Psychology. Mercer University 
M.Ed. Reading Specialist. Mercer University 
Tift College of Education 
Department of Curriculum and Instruction 
3001 Mercer University Dr. 
Atlanta, GA 30341 
678-559-5208 
sdeweesef2Scsdecatur.net 

Faculty Advisor: Justus Randolph 
BIS English, Art History, & Philosophy, Weber State University 
M.Ed. International Education. Framingham State College 
PhD Education Research & Evaluation. Utah State University 
Tift College of Education 
Department of Curriculum and Instruction 
3001 Mercer University Dr. 
Atlanta. GA 30341 
404-295-0755 
randolph Jj gmercer.edu 

The results will be used to further my understanding of the effectiveness of mastery 
learning. Your son's'daughter's participation is voluntary. A decision to participate in the 
research will not affect his.her relationship with Decatur High School, his/her 
relationship with other teachers, or hislier academic standing. 

I. The nurnose of mv study is to explore: 
The purpose of this study is to determine the effectiveness of correctives on student 
achievement and student affect. Mastery learning is when a student takes a test and the 
results of that test are used to give the student additional help and a chance to retake the 
test. Correctives are the additional help that students receive after a test before they 
retake a test. Student affect is the feelings that students have toward the course and the 

07/01/2009 i-mwTwsv Ian Page 1 
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teacher. Results from this study will be used to guide teacher instruction and improve 
how tests are used to help individual students. 

II. Procedures: 
If you allow your child to volunteer for this study, your child will not be required 10 
complete any additional work, tests, or surveys that are not a normal part of the course. 
Your child's participation will take no additional time in or out of class. 

Your child will be asked to assent to participate in this research. (Assent means that your 
child will be asked to voluntarily participate in this research.) Your child will tell the 
teacher they want to participate by answering yes or no after the teacher verbally reads to 
your child what the research is about and what he'she will be asked to do. 

Parent/guardians who allow student to participate must: 
Read and complete consent form 
The form will take approximately 10 minutes to read and complete. 
Please complete the form at home and return the form to the school. 

III. Potential benefits to students and/or society 
There arc some potential benefits for students and society. Results from this study will be 
used to guide teacher instruction and improve how tests are used to help individual 
students. 

IV. Potential Risks/Discomfort 
There arc no foreseeable risks associated with the study. 

V. Withdrawal of Participation 
Your child's participation is voluntary. Your child will not be penalized or lose any 
benefits that he'she are otherwise entitled to if you decide that your child will not 
participate in this research project. 

If your child decides to participate in this project, he/she may discontinue participation at 
any lime without penalty or loss of benefits. You have the right to inspect any instrument 
or materials related to the proposal. Your request will be honored within a reasonable 
period after the request is received. 

VI. Payment for Participation 
Students will not be paid for their participation. There is no financial obligation for 
participants. 

VII. Confidentiality 
Codes will be assigned for all participants. Test and survey results for that individual will 
be recorded using that code. Codes will never be connected with actual names of 
participants in writing or in conversation. Your child's individual responses will not be 
recorded with audio or visual equipment. Your child's individual responses will not be 
shared with parents or others. 
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Questions »boUt fltt Rmarvh 
If you have any questions about the research, please speak with Sean DeWeese. If you 
have questions later, you may contact Justus Randolph at 404-295-0755 or 
iandolphJj@niercer.edu. 

You have been given the opportunity to ask questions and these have been answered to 
your satisfaction. If you do agree to allow your child to participate in this research, please 
complete the information below: 

I, , do want 
to participate in this research study. 

Participant's Name (Print) Date 

Parent/Guardian's Name Parent Guardian's Signature Date 

Please return to Sean DeWeese as soon as possible. 

In onkr to conduct this research, this project has been reviewed and approved by Mercer University's 
Institutional Review Board (IRB). If you believe there is any infringement upon your child's rights as a 
research subject, please contact the IRB Chair at (478) 301-4101. The IRBs are the governing bodies that 
are set in place to ensure responsible and safe conduct of research investigations. 
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Student Interview 
Informed Assent for Participants Ages 14-21 

The Effectiveness of Mastery Learning Correctives on Achievement and Student Affcct 

You are being asked to participate in a research study. Before you give your consent to volunteer, ii is 
important that you read the following information and ask as many questions as necessary to lie sure 
you understand what you will be asked to do. 

Investigators at Mercer University are doing a research study lo determine the effectiveness of 
correctives in terms of student achievement and student alTect. Mastery learning is when a student takes 
a test and the results of that test arc used to give the student additional help and a chance to retake the 
test. Corrcctivcs arc the additional help that students receive after a test before they retake a test. 
Student affect is the feelings that students have toward the course and the teacher. 

Procedures 
You will not have any additional assignments if you participate in this study. All questionnaires and tests 
will be administered in class to all of the students. You have the right to refuse to have your information 
included in the research. Refusing to include your information will not jeopardize you receiving any 
services related to your class work at Dccatur High School. 

Questionnaires 
You will not have any additional assignments if you participate in this study. All questionnaires and tests 
will be administered in class to all students regardless of that student's participation in the study. You 
will receive a questionnaire that asks you questions about your feelings about the class and the teacher. 
You will fill out this questionnaire twice, once at the beginning and once at the end of the first unit. 

Potential Risk and Discomforts 
There are no foreseeable risks associated with this study. 

Potential Benefits of the Research 
The benefits of participation in the research may not directly assist you. Results from this study will be 
used to guide teacher instruction and improve how tests are used to help individual students. 

Confidentiality and Data Storage 
Your name will not be associated with your responses and will be identified only by an assigned code. 
At no time will your name be associated with the results of the research. Your responses will be stored in 
a locked location and will only be used for research purposes by Mercer University School. 

Mcrcc: I i?n 
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Your parent(s) have said that it is okay for you to be in this research study. You do not have to be in 
study if you do not want. You can change your mind at anytime by telling your Mom. Dad, or your 
therapist. 

No, I do not want to be in this study. Yes, I want to be in this study. 

Signature ofl'articipant Date 

Signature of Person Obtaining Assent Dale 

Rev unnw 
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Unit 1A Test: Ecology 
Question 1 (A-C): 

A. List the eight characteristics of life. Use CHARRGED as a helper. 

B. Choose which 4 of the 8 characteristics of life you think are the most important and 
explain their importance to life. 

C. Use your knowledge of the characteristics of life to assess this statement. 

Fire is a living thing. 

You must either agree or disagree with this statement. Defend your assessment using at 
least three of the characteristics of life. 

Score 0 1 2 3 4 5 6 

Question 2 (A-Fh 

A. Place the following levels of ecology in order from smallest to largest: community, 
biosphere, organism, biome, ecosystem, population. 

B. In an area, the plants, animals, water, soil, and air are all part of what level of 
ecological organization? 

C. All of the biotic factors within an area are what level of ecological organization? 

D. Name the two most important factors when determining a biome. 

E. You are the biologist on a spaceship whose mission is to determine whether or not 
another planet in outer space is "livable" for humans. The ship's computer locates a 
planet that may have potential for humans to live on it. The planet's surface is about 70% 
water and has different continents with a variety of biotic and abiotic conditions. As you 
start to explore the planet you notice that there are four main types of environments on 
the planet. You name these areas: Calvin, Hobbes, Garfield, and Odie. 



172 

Of these biomes found on the other planet, select which Earth biome each area most 
resembles. Choose from the following list: tundra, taiga, tropical rainforest, temperate 
forest, desert, & grassland 

1. The Calvin area has evidence of extremely low rainfall and high temperatures. Plant 
life is sparse and there is no standing fresh water. Plants and animals have tough, dry 
skins that help them conserve water. 

2. Area Hobbes also has high temperatures, but receives more rain during certain times of 
the year. There are herds of large grazing animals. The grazing animals have plenty of 
food in the form of small, quickly sprouting plants that grow quickly but this area also 
experiences periodic droughts. 

3. Area Garfield has high temperatures but receives extremely high rainfall throughout 
the year and especially during the wet season. There are large trees that form a canopy 
that is so dense it blocks the sunlight from reaching the forest floor. Plant and animal life 
is extremely diverse. 

4. Area Odie is cooler in temperature than the other three areas. It has high rainfall but 
less than area Garfield. There are large trees in this area that lose their leaves during the 
colder times of year. It has four distinct seasons. There are many small animals and larger 
animals form small groups rather than herds. 

F. Pick one of the following topics: Pollution, drought, pesticides, or name your own. 
Formulate a question that a scientist could study at three of the different levels of 
ecological organization. Explain how the question can be studied at each of the three 
levels of organization. 

Score 0 1 2 3 4 5 6 

Question 3 (A-D): 
A. Define ecological succession. 

Use this paragraph to answer questions B &C. 
You and a friend are hiking in rural north Georgia. As you come to the top of a hill, you 
notice that the land in front of you doesn't look anything like where you just came from. 
It's full of weeds, very little grass, and there aren't any trees. You ask your friend what's 
going on. "Oh, you're just getting to see ecological succession," he replies. "Twenty 
years this was a forest, but a few years ago there was nothin' here but dirt." 
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B. Choose what type of succession you are observing and explain why it is that type of 
succession. 

C. Describe one situation that could explain how the forest disappeared and became 
nothing but dirt. 

D. Assess the picture below and explain what type succession is being shown. 
(Picture of primary succession removed.) 

Score 0 1 2 3 4 5 6 
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Unit 1A Test Retake 

Question 1 (A-O: 

A. Your younger brother is starting Biology class this spring with Mrs. Daisy. He has 
no idea what biology is all about; you ease his fears and explain that biology is the 
study of 

B. His first assignment his to explain what makes something living versus nonliving. 
You help him explain at least FIVE characteristics and why these characteristics 
are important to life. Use the CHARRGED mnemonic to help you remember the 
characteristics of life. 

C. Evaluate the characteristics of living things. Identify which characteristics are 
important to the survival of a group of animals rather than an individual organism. 
Defend your answer. 

Score 0 12 3 4 5 6 

Question 2 (A-E): 

A. What two main abiotic factors determine the BIOME? 

B. If you did not have the information in B what biotic factors could you use to help 
determine a biome or ecosystem. 

C. A group of strange looking black squirrels would all be part of the same 
in the ecosystem. 

D. You wonder what other strange creatures live in the area. You know that all living 
things in the ecosystem are considered to be part of the same 



176 

E. You are the crew biologist on an exploratory spaceship whose mission is to examine 
planets for possible habitation by settlers from Earth. You have been exploring an 
area near the planets equator that had the characteristics of several different biomes. 
The ship turns and flies north toward the poles of the planet and you notice a few 
other areas. You decide to name these areas after the four best science teachers in the 
whole universe. 

How would you classify the four biomes on this planet using Earth biomes as a guide? 

1) The Lockhart area has extremely cold temperatures and not much precipitation. What 
precipitation does fall is always snow as it never gets far above 0 °C in this area. A layer 
of permafrost, ground that never thaws, characterizes the area. There is not much in the 
way of plant life or animal life in this area. It is just too cold. There are no trees and there 
are long summer days with short periods of winter sunshine. 

2) Area DeWeese also has cold temperatures, but receives more rain during certain times 
of the year. There are medium to large mammals that have specialized to eat the needles 
and bark of the large trees that dominate the area. The trees have needles and cones to 
protect their seeds rather than fruit. The trees never loose all of their leaves (or needles), 
but shed dead leaves throughout the year. 

3) Area LeDoux is warmer in temperature than the two areas above. It has high rainfall 
and there are many large trees area loose their leaves during the colder times of year. 
There are four distinct seasons in this area, and the trees loose their leaves in the colder 
season. There are many varieties of birds and there are small to large mammals as well. 

4) Area Hellerstein has medium temperatures and four distinct seasons, but does not get 
enough rainfall to grow large trees. It has periods of droughts. 

F. Besides abiotic factors, the plants and animals that live there can help identify 
different biomes. Explain how abiotic factors determine what types of plants and 
animals live in a specific biome. 

Score 0 1 2 3 4 5 6 

Question 3 (A-D): 

The islands of Hawaii were formed from a series of volcanic eruptions. After the 
volcanoes erupted, the lava cooled and there were lumps of bare rock in the middle of the 
Pacific Ocean. Over time weathering broke down the rock and wind and water carried 
other sediments to be deposited on the island. Eventually, lichens and mosses were able 
to start growing on the rocks' surfaces. 



177 

E. What type of succession was involved on the Hawaiian Islands, primary or 
secondary? 

F. The mosses and lichens that were the first plants to grow on the island are referred to 
as what type of species? 

G. Define what a climax community is and explain what determines the climax 
community. 

H. Many parts of Hawaii are tropical rainforests. Predict what happened in those areas 
after the arrival of lichens and moss (in terms of what type of plant life was present). 

I. The picture below represents what type of succession, primary or secondary? How 
do you know? (Picture of secondary succession removed.) 

Score 0 1 2 3 4 5 6 
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Group A 

If you scored a 3 or less on question 1 than you need to complete the following 
assignments. 

• Read pp. 13-17 in your textbook 
All assignments not completed in class need to be finished for homework. 

Living organisms have certain characteristics that place them apart from nonliving things. 
The most common of those characteristics are listed in Table A. Write a definition or 
description of each characteristic, and then give an example of each characteristic. The 
first characteristic is done for you. 

Table A 

l -Ij 4 J J t 
•J > ijj,. . »"S(. 

Characteristic „ Definition or description Example 

1. REPRODUCTION produce new organisms 
like themselves 

cow giving birth to calf 

2. USE OF ENERGY 

3. HOMEOSTASIS 

4. MADE OF CELLS 

5. ADAPTATION 

6. EVOLVE 

7. GROWTH 

8. DEVELOPMENT 

9. STIMULUS 

10. RESPONSE 
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Group B 
If you scored a 3 or less on question 2 than you need to complete the following 
assignments. 

• Read pp. 56-59,80-84,91-99 in your textbook 
All assignments not completed in class need to be finished for homework. 

Some biomes have more than one name for the same area of climate and vegetation. 
Match the name of the synonym for each biome on the left below to the list of biome 
names you know on the right. You may use each letter more than once. 

boreal forest a. savanna 

seasonal forest b. taiga 

tropical grassland c. forest 

northern coniferous forest 

deciduous forest 

List these biomes in order from driest (least amount of rainfall) to wettest (most amount 
of rainfall): rain forest, desert, forest, grassland. 

(driest) 

(wettest) 

List these tropical biomes in order from coldest to hottest: savanna, tundra, temperate 
grassland, taiga 

(coldest) 

(hottest) 
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Identify the appropriate biome for the pictures in the folder. Next to each biome write the 
letter of the picture that corresponds to that biome. 

Tundra: 

Taiga: 

Temperate Grassland: 

Temperate Forest: 

Desert: 

Tropical Grassland: 

Tropical Forest: 

For each biome below identify one special feature of the biome that does not deal with 
temperature or rainfall. 

Tundra: 

Taiga: 

Temperate Grassland: 

Temperate Forest: 

Desert: 

Tropical Grassland: 

Tropical Forest: 
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Levels of Organization Ecologists ask many questions about organisms and their 
environments. Some ecologists study individual organisms. Others study how organisms 
interact with and influence the global environment. 

Use the words in the box to label each level of organization in the diagram. Locate the blanks 
in the picture and label with the words in the box. 

biome 
biosphere 

community 
ecosystem 

individual 
population 

Answer the questions. 

1. Which level of organization contains all of the organisms of one species that live in a 
certain area? 

2. What is the highest level of organization studied by ecologists? 

3. A group of populations is called a(n) 

4. Which includes animals of different species living together? Circle the correct answer. 

Population community 

5. A pond with all of its many species of creatures living together in this one location would 
be a good example of a(n) 

A. population. C. biosphere. 

B. community. D. organism. 

All figures and text on this page from Miller & Levine Biology: Workbook B Editable 
Worksheets (p. 30), by J. S. Levine & K. R. Miller, 2010, Boston, MA: Pearson. 
Copyright 2010 by Pearson. Reprinted with permission. 
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Group C 

If you scored a 3 or less on question 3 than you need to complete the following 
assignments. 

• Read pp. pp. 88-90 in your textbook 
All assignments not completed in class need to be finished for homework. 

Primary and Secondary Succession 
Ecological succession is a series of somewhat predictable changes that occur in a community 
over time. Ecological succession can be classified as either primary or secondary. Primary 
succession occurs in an area where a disruption has left no remnants of the prior community. 
Secondary succession takes place in an area that still has remnants from the original 
community. 
The first panel below shows an area covered with rock and ash from a volcanic eruption. 
When organisms begin to colonize an area, such as this, they appear in a predictable order. 
The first species to colonize this area are called pioneer species. 
Follow the directions. 

1. The panels following the first panel show different stages of succession. Number these 
panels in the order that they occur. 

I 
Answer the questions. Circle the correct answers. 

2. Look at the panels you have numbered 2 through 4. At what stage would you expect to 
see large mammals moving back to the area? 
panel 2 panel 4 

3. What type of succession do the panels above show? 

primary succession secondary succession 
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4. Suppose a fire disturbed the community shown in the panel you numbered 4. What type 
of succession will likely follow this fire? 

primary succession secondary succession 

Compare/Contrast Table Use a compare/contrast table when you want to see the 
similarities and differences between two or more objects or processes. 

As you read Lesson 3, record in the chart below similarities and differences between 
primary and secondary succession. Some examples have been provided for you. 

Comparisons Between Primary Succession and Secondary Succession 

Type of Succession Differences Similarities 

Primary • No prior community existed. • Have a series of changes. 

Secondary • A prior community existed. 

• Have a series of changes. 

Climax Communities 
At one time, ecologists believed that succession always followed the same stages to produce 
a specific and stable climax community. Recent studies have shown that succession does not 
always follow the same path. Climax communities are not always uniform and stable. 

Succession can be the result of either a natural disturbance or a human-caused 
disturbance. In either case, there are many factors that will determine if the climax 
community will be uniform and stable. 

Answer the following questions. 

1. What is an example of a natural disturbance to an ecosystem? 

2. After a natural disturbance has damaged a healthy ecosystem, what often happens? 

3. Do ecosystems always recover after major human-caused disturbances? Explain your 
answer. 

All figures and text in group C from Miller & Levine Biology: Workbook B Editable 
Worksheets (pp. 50-51), by J. S. Levine & K. R. Miller, 2010, Boston, MA: Pearson. 
Copyright 2010 by Pearson. Reprinted with permission. 
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Group E 
If you scored a 4 and above on all of the questions and/or you are not taking the retake 
than you need to work on the following assignments. You will work on these assignments 
during the retest as well if you are not taking it. 

Students chose a selection from the BBC video series Life and watched it on a laptop in 
the back of the room. 
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Corrective for Test 1A 

Characteristics of Life 
• What are the 8 characteristics of life? Use the CHARRGED mnemonic to help 

you remember the eight characteristics. 
• Write a definition for each of the 8 characteristics of life. You need to know 

what homeostasis, DNA, and evolution mean in order to understand their 
relevance. 

• Explain the importance of each of the 8 characteristics of life. Be able to 
identify and explain the importance of each of the characteristics of life for 
living things. Use the pie chart graphic organizer as a resource. 

• Give examples of two living and two nonliving things. Use the 8 
characteristics of life as evidence to show that they are living or nonliving. 
You should be able to identify whether something has or does not have any of 
the 8 characteristics. 

Textbook resources: pp. 13-17 

Ecological Levels and Biomes 
• What are the levels of ecology in order? 
• Define each of the levels of ecology. 
• What are the biotic and abiotic factors that determine a biome? List three 

examples of each. 
• List the seven land biomes. Describe each biome in terms of temperature, 

precipitation, plant life and animal life. 
• How can you identify a biome based on relative temperature and 

precipitation and other biotic and abiotic characteristics? Give an example 
for each of the seven land biomes. 

• How are the different levels of ecology interdependent? Give three examples 
of how different ecological issues can be discussed at more than one level of 
ecology. 

Textbook resources: pp. 80-84, 91-99 

Ecological Succession 
• Define ecological succession. 
• How can you differentiate between primary and secondary succession? 
• Explain the stages of plant life for each type of succession. 
• How can you identify events that occur before each type of succession? 
• Define pioneer species and give examples of pioneer species for both primary 

and secondary succession. 
• Define climax community and explain how climax communities are related to 

biomes. 

Textbook resources: pp. 88-90 
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The Measures: 

Directions: Please circle the number that best represents your feelings. The closer a number 
is to the item/adjective, the more you feel that way. 

(Affect toward content measure) 

I feel the class' content is: 

1. Bad 
2. Valuable 
3. Unfair 
4. Positive 

1 2 
1 
1 
1 

3 
2 
2 
2 

4 
3 
3 
3 

5 
4 
4 
4 

6 
5 
5 
5 

7 
6 
6 
6 

(Affect toward classes in this content measure) 

My likelihood of taking future courses in this content area is: 

5. Unlikely 1 2 3 4 5 
6. Possible 1 2 3 4 5 
7. Improbable 1 2 3 4 5 6 
8. Would 1 2 3 4 5 

6 
6 
7 
6 

Good 
7 
7 
7 

Worthless 
Fair 
Negative 

7 Likely 
7 Impossible 
Probable 
7 Would not 

(Affect toward instructor measure) 

Overall, the instructor I have in the class is: 

9. Bad 1 2 3 4 
10. Valuable 1 2 3 
11. Unfair 1 2 3 
12. Positive 1 2 3 

5 
4 
4 
4 

6 
5 
5 
5 

7 
6 
6 
6 

(Affect toward taking classes with this instructor measure) 

Good 
7 Worthless 
7 Fair 
7 Negative 

Were I to have the opportunity, my likelihood of taking future courses with this specific 
teacher would be: 

13. Unlikely 1 2 3 4 5 6 7 Likely 
14. Possible 1 2 3 4 5 6 7 Impossible 
15. Improbable 1 2 3 4 5 6 7 Probable 
16. Would 1 2 3 4 5 6 7 Would not 

From "Assessment of Affect Toward Communication and Affect Toward Instruction in 
Communication," by J. C. McCroskey, 1994, in S. Morreale & M. Brooks (Eds.), 1994 SCA 
summer conference proceedings and prepared remarks: Assessing college student 
competence in speech communication. Annandale, VA: Speech Communication Association. 
Retrieved from http://www.jamescmccroskey.com/measures/ Copyright 1994 by J. C. 
McCroskey. Reprinted with permission. 
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SCORING: To compute scores on these measures, complete the following steps: 

Affect toward content: 
Step 1. Add scores on items 1 and 3. 
Step 2. Add scores on items 2 and 4. 
Step 3. Compute total score: 16 + (total of step 1) - (total of step 2) 

Affect toward classes in this content: 
Step 1. Add scores on items 5 and 7. 
Step 2. Add scores on items 6 and 8. 
Step 3. Compute total scores: 16 + (total of step 1) - (total of step 2). 

Affect toward instructor: 
Step 1. Add scores on items 9 and 11. 
Step 2. Add scores on items 10 and 12. 
Step 3 Compute total scores: 16 + (total of step 1) - (total of step 2). 

Affect toward taking classes with this instructor: 
Step 1. Add scores on items 13 and 15. 
Step 2. Add scores on items 14 and 16. 
Step 3. Compute total scores: 16 + (total of step 1) - (total of step 2). 

Scoring for Affective Learning and Instructor Evaluation: 

Affective Learning = Affect toward content + Affect toward classes in this context. 

Instructor Evaluation = Affect toward instructor + Affect toward taking classes with this 
instructor. 

From "Assessment of Affect Toward Communication and Affect Toward Instruction in 
Communication," by J. C. McCroskey, 1994, in S. Morreale & M. Brooks (Eds.), 1994 SCA 
summer conference proceedings and prepared remarks: Assessing college student 
competence in speech communication. Annandale, VA: Speech Communication Association. 
Retrieved from http://www.jamescmccroskey.com/measures/ Copyright 1994 by J. C. 
McCroskey. Reprinted with permission. 
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