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THE EFFECT OF COOPERATIVE LEARNING ON ACADEMIC ACHIEVEMENT 

IN INTRODUCTORY COLLEGE BIOLOGY
Abstract

by William Max Randolph, Ed.D 
Washington State University 

May 1992

Chair: Donald C. Orlich
The problem of this study was to determine the effects of a 

modified Student Teams - Achievement Divisions form of cooperative 
learning on academic achievement in introductory college biology. 
Data were collected in two introductory level college biology 
courses involving 76 students during the 1991 winter semester.

The researcher acted as the instructor in both courses. One 
course served as the control group receiving the content in the 
traditional lecture and discussion format. The experimental course 
group received the same content in a cooperative learning format 
called "Student Teams - Achievement Divisions" that consisted of 
condensed lecture and participation in cooperative learning groups 
to process the content.

The independent variable for this study was the implementation 
of the Student Teams - Achievement Divisions form of cooperative 
learning. The dependent variable was student achievement in 
knowledge of biology.

The research was quasiexperimental as the researcher could not 
control who registered for the classes. One class was randomly 
selected to be the experimental group. A t test was used to 
determine that the samples were representative.
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Cooperative groups were formed heterogeneously by scores on 
the pretest. Effort was also made to mix the groups by sex.

Statement of Hypothesis
The following null hypothesis was tested.
H01 There will be no significant difference in biology 

knowledge for college students when introductory biology 
is taught using the Student Teams Achievement Divisions 
form of cooperative learning compared to college students 
being taught using a traditional lecture method.

Statistical analysis of the pretest to post test comparison 
showed no significant difference in achievement between students in 
cooperative learning and lecture with discussion classes. The null 
hypothesis was not rejected.
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CHAPTER ONE

INTRODUCTION

The 1957 launching of Sputnik brought about a review of 
American science education and the results of the review were not 
positive. The National Science Foundation had been steadily 
reducing its support to education from 44% of its budget in 1952 
down to about 18% of its budget in 1957 when Sputnik was launched. 
By 1960, National Science Foundation funding for education was back 
up to 4 8% of its budget, but it was not to stay there for very 
long. The funding declined nearly every year until the science 
education funding component of the National Science Foundation's 
budget reached a low of about 2% by 1983 (Brown & Butts, 1983).

In addition to the lack of funding, school requirements for 
science were lessened. Science itself was attacked in the sixties 
as a warmongering profession with companies like DuPont and others 
being the target of criticism. Science education suffered in 
popularity as a result. The American Chemical Society noted that 
there was a lack of consensus in what should be taught and how, a 
lack of support for science, inadequate teacher training and low 
status of teachers, and minimal effort to attract women and 
minorities into the scientific arena (American Chemical Society, 
1989). Society gladly accepted the benefits of science and

1
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technology, such as polio vaccine, but was seemingly not ready to 
support the science education vital to the development of the 
scientists who brought such benefits.

The 1978 National Assessment of Educational Progress revealed 
that the achievement of students in science, especially in the 
seventh through eleventh grades, was being adversely affected. An 
estimated five million dollars was spent between 1978 and 1983 
documenting this decline. Part of the purpose of these studies was 
to get ideas for possibilities for remediation. Much of the 
information from these studies was used in publishing the 1983 
N.S.T.A Yearbook: Science teaching, a profession speaks. The work 
of John Goodlad (Goodlad, 1984) further documented some of the 
problems. Project Synthesis, where the National Science Foundation 
funded a project that studied three National Science Foundation 
status studies along with some of the National Assessment of 
Educational Progress studies, was seminal to the overall process.

The Search for Excellence in Science Education program was one 
of the results of this analysis. Other activities included state 
governors establishing commissions, lawmakers working on the 
situation, and of course the traditional provision of large sums of 
federal money.

The results of this concentration of activity have as yet had 
minimal effect as the National Assessment of Educational Progress 
of 1989 showed little change in student levels of achievement in 
science. The International Association for the Evaluation of 
Educational Achievement (IEA, 1988) reported that students from the
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United States ranked in the lower half of nations surveyed. More 
alarming was that our twelfth grade students ranked ninth in 
physics, eleventh in chemistry, and thirteenth in biology, with 
thirteen nations being tested. Vagelos (1989) stated that seven 
out of one thousand of our college students entered into 
engineering while twenty out of one thousand Japanese become 
engineers. He discussed the American Institute of Physics report 
that even though our Doctoral candidate numbers in science were 
about the same as in the past, the Masters level applicants were 
down thirty per cent and the Bachelors level applicants were down 
twenty five per cent. The National Research Council (Leary, 1990) 
concluded after reviewing the study funded by a $600,000 Howard 
Hughes research grant that the only thing our students seemed to be 
learning was learning to dislike science. There have been nearly 
300 reports in the last five years, according to Paul DeHart Hurd 
(1989), that discuss the state of science teaching. The dominant 
theme was the clear need for improvement in science education.

Reasons for the lack of effect included the immensity of the 
problem and that no quick fix was available. Another reason may 
have been that the wrong people were in charge of trying to make 
the changes. Once again there had been a governor's panel formed, 
with the governor of Washington state as chair. There was talk of 
funding and more studies. The question must be asked whether the 
classroom studies of what is effective were understood by policy 
makers.

Revisions of science education usually revolve around the
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requiring of more facts, and then testing to determine if the facts 
were known. Modern educational research indicated that the 
memorization and regurgitation of facts was not really learning. 
Clearly there was need for better methods of science education. 
The purpose of this study was to focus on one of those methods as 
to its potential to enhance achievement in an introductory college 
level biology course.

Cooperative Learning as a Method
The first research on cooperative or collaborative learning 

began in 1897 with a study by Triplett and has continued to the 
present day with at least 600 studies (Johnson and Johnson, 1990, 
p. 20) . Even earlier in the history of American education was 
Colonel Francis Parker who used a cooperative classroom atmosphere 
that was observed by thousands of visitors (Johnson & Johnson, 
1990, p. 6). John Dewey (1938) also used some cooperative
methodology in his emphasis on democratic living and social 
involvement.

Cooperative learning has been advocated mostly by social 
psychologists such as Kurt Lewin and Morton Deutsch, but today has 
been recognized as an effective way of boosting academic 
achievement. The overall commentary on using cooperative learning 
for improving achievement is very positive with researchers 
claiming results to be at least as good as traditional approaches 
and in most cases produces an increase in academic achievement 
(Slavin 1980b, Johnson 1987, Danserau 1983, Sharan 1979, et al).

There are numerous researchers today who are working with
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cooperative learning. David Johnson, Roger Johnson, and Elizabeth 
Johnson Holubec appear to be the most prolific in doing research 
and publishing. David and Roger Johnson are co-directors of the 
Cooperative Learning Center at the University of Minnesota and 
reported that they trained over 30,000 teachers. The Johnsons 
emphasize the importance of the social interaction within the 
groups.

Robert E. Slavin is director of the Center for Research on 
Elementary and Middle Schools at The Johns Hopkins University. 
Slavin and his team have developed a series of structured formats 
of cooperative learning that have special application to a 
particular subject. Slavin emphasizes team learning and provides 
a sequential pattern to be followed by the teacher. The patterns 
are adaptable so they can be modified for given applications. 
Slavin's model called Student Teams Achievement Divisions, or STAD, 
was the cooperative learning model adapted for this study.

Spencer Kagan is director of Resources for Teachers and now 
devotes full time to training teachers in what he calls the 
structural approach to cooperative learning. Kagan maintains that 
an educator needs to have a group of structures into which any 
learnings can be placed. Kagan is similar to Slavin in this 
approach except that Kagan is trying to prevent the innovation from 
being bound to any particular subject matter so that the teacher is 
able to make choices about how to present information. There are 
many other individuals who played key roles in the resurgence of 
cooperative learning. Shlomo Sharan from Israel has concentrated
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on using Dewey's format and provides a structuralist model. Others 
have adapted the innovation freely to specific applications. The 
adaptability of cooperative learning is one of its' great strengths 
as individual educators are encouraged to fit the innovation to 
their classroom.

Cooperative Learning in a College Biology Classroom
It is generally believed that secondary and undergraduate 

level science courses require a large volume of factual information 
that must be taught in order to prepare the student for the next 
science course in the sequence. Courses offered in certified and 
accredited schools must meet criteria for transferability as well. 
The typical introductory college biology course are usually taught 
with a lecture format and corresponding laboratory experiences.

Study groups have had a long tradition of success in college 
majors such as law and medicine. Cooperative learning is not just 
grouping of students, but is a refinement of grouping using proven 
pedagogical techniques such as peer tutoring, rewards, and quick 
feedback. The grouping and the operation of the groups are 
structured in such ways as to maximize the benefits to each 
student. The structuring insures that each student participates in 
the learning process and does not just let others do the work. 
Cooperative learning also emphasizes the importance of past 
learnings and experiences in the overall group learning process 
which not only has the advantage of helping a student to connect 
the new learning with previous learnings but helps the student to 
achieve higher learning levels of analysis, synthesis, and
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evaluation (Johnson & Johnson, 1989).

Joyce and Showers (1988, p. 34) listed a range of effect sizes 
for cooperative learning from 0.28, 0.48, 1.25, and up to 3.0 with 
the larger being related to the strength of the implementation and 
the structure given to the lessons. Winget (1987) stated that the 
objectives must be clearly specified, both for the academic skills 
and for the collaborative skills. Clarity in explaining goals, 
objectives and procedures was prominent in the more structured 
formats used by Slavin and Kagan, although they were important in 
all implementations (Winget, 1987).

Cooperative Learning Instructional Strategies
Central to all applications of cooperative learning is the 

idea that a group is involved in a cooperative relationship. Group 
size ranges from two to six, and members of the group can be 
selected randomly, by the students, by the teachers, or even by a 
student's academic history. The size of the group depends upon the 
amount of time available for group interaction as it is important 
that each individual has ample opportunity to participate. 
Increasing evidence points to heterogeneous grouping as providing 
the best results. Research indicated that heterogeneous grouping 
takes advantage of educational strategies such as peer tutoring, 
bringing up previous personal learnings (Sachse, 1989), and 
opportunities to make personal applications.

Slavin (Slavin, 1980b) asserted that the three most important 
components of a cooperative innovation are reward structure, task 
structure, and authority structure. Research has shown
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manipulation of the task or the reward as the dependent variable of 
the research. Slavin believes the structure of the reward to be 
the major component of cooperative learning.

Other studies seemed to vary along five dimensions. First was 
a high interdependence of rewards, meaning that the reward was 
earned by the group. If one member failed the whole group failed, 
so there was pressure to ensure the success of everyone in the 
group. A number of studies indicated this feature to be the single 
most important driving force in the success of cooperative 
learning. There must be a strong emphasis on the reward going to 
the group, not the individual. This could be very threatening to 
those who seek high grades. Once they were convinced that their 
grade depended upon the activities of the group, they were highly 
motivated to make sure the group got the job done right. Slow and 
thorough implementation with clearly stated purposes and objectives 
was important.

The rewards needed to be visible, to the group, and close to 
the event. It was necessary for the teacher to structure the 
lesson before the group got it, and then to quickly correct 
assignments for return and reward. This incorporated the advantage 
of quick feedback. It also kept the intergroup competition sharp. 
Slavin (1987), in STAD, used a handicapping procedure based on a 
pretest base, then provided a reward by the amount of improvement 
from the base rather than top score. The recommendation was also 
that criterion referenced grading be used rather than norm- 
referenced evaluation.
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A second dimension was the high interdependence of the task, 

which most studies placed in a slightly lower position of 
importance.

The third dimension, a high level of individual 
accountability, was defined as the responsibility of the individual 
to the group and was often tied to the second dimension. Each 
individual had to participate at an appropriate level. It was very 
important to ensure success in the initial group activities to 
accomplish a feeling of individual accountability. The reticent 
student needed to feel an intrinsic motivation gained from doing 
better than he or she had ever done before. The critical need for 
complete involvement of group members cannot be overstated.

Fourth, most groups required a great amount of imposed 
structure. This was an emerging area that research was just 
beginning to clarify as important in learning structured knowledge 
like spelling, science, and mathematics.

The fifth dimension was the use or nonuse of competition 
between the groups, with most studies tending to use competition.

Cooperative learning is a highly adaptable innovation. The 
innovators strongly encouraged adaptation (Slavin, 1990, Winget, 
1987, Johnson, et al, 1984) as they understood that the individual 
educator was the most familiar with individual classroom needs. 
Minor adaptations were made to the STAD format for purposes of this 
study. The STAD training manuals for this study focussed primarily 
on elementary classrooms. The lessons were adapted in types of 
rewards and in fitting the format to fifty minute periods.
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Statement of Purpose and Problem

The purpose of this study was to investigate the effects of an 
adapted Student Teams Achievement Divisions form of cooperative 
learning. More specifically, this study examined student 
achievement in content knowledge of introductory college biology. 
The experimental group was taught in a regular classroom setting by 
the regular classroom teacher.

The problem examined was "to what extent can the achievement 
of content knowledge of introductory college biology be improved by 
using an adapted Student Teams Achievement Divisions form of 
cooperative learning?"

Significance of the Study
The studies of cooperative learning strategies have been 

concentrated mostly at the elementary school level with fewer at 
the secondary level and even fewer at the collegiate level. The 
report by Vagelos (1989) regarding the decline in the numbers of 
students majoring in science indicated the necessity that colleges 
must not only attract more students into science but also retain 
them. A restructuring of an introductory college biology class so 
students have better success and satisfaction may convince some 
students to stay with science.

This study was undertaken to provide empirical data concerning 
the effects of cooperative learning, specifically an adapted 
Student Teams Achievement Divisions form, on the achievement by 
students taking an introductory level college biology course. The 
value of such data lies in the substantiation of cooperative
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learning as a methodology to increase achievement. Other colleges 
investigating methods to increase student achievement in 
introductory biology will benefit from the obtained data as well.

Statement of Hypothesis
The following null hypothesis was tested.
HC1 There will be no significant difference in biology 

knowledge for college students when introductory biology 
is taught using the Student Teams Achievement Divisions 
form of cooperative learning compared to college students 
being taught using a traditional lecture method.

Definition of Terms
Cooperation is working together to accomplish shared goals.
Cooperative learning is the instructional use of small groups 

so that students work together to improve their own and each 
other's learning.

Equal opportunities for success means that students can help 
their team with an improvement grade.

Formal groups are long term group assignments.
Goal structure refers to ways the students will interact with 

each other to accomplish the learning goal.
Group processing relates to the interactions by the group 

among themselves about what activities are helpful and what 
activities need to be changed for the group's success.

Homogeneous grouping is the forming of a group with each 
individual being chosen by a similar criterion.
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Improvement grade means a grade attained by establishing a 

student's base achievement grade at the beginning of the group 
function. Any achievement in later designated quizzes or 
activities that is above that base grade is credited to the team as 
an improvement grade. Formulas and instructions for calculating 
such an improvement score are part of the instruction in the 
inservice training of the teacher.

Individual accountabi1itv is the concept that a team's success 
depends upon each team member learning the specified objectives.

Means interdependence specifies the actions required on the 
part of group members to achieve their goals.

Positive goal interdependence is when individuals perceive 
that they can attain their goals if and only if the other 
individuals with whom they are cooperatively linked attain their 
goals.

Positive interdependence is the perception that one is linked 
with others in a way so that one cannot succeed unless their work 
benefits one and one's work benefits them.

Positive reward interdependence exists when each group member 
receives the same reward for successfully completing a joint task.

Promotive interaction is interaction in and by the group that 
encourages each individual to be involved.

Role interdependence takes place when members are assigned 
complementary and interconnected roles that specify 
responsibilities that the group needs in order to complete a joint
task.



13
Social interdependence is when the outcomes of individuals are 

affected by each other's actions.
Structures are established procedures used when implementing 

certain adaptations of cooperative learning.
Task interdependence occurs when a division of labor is 

created so that actions of one group member have to be completed if 
the next group member is to complete his or her responsibilities.

Team learning is a concept that the group functions as a team 
with each individual playing an important role in the success of 
the team. Often there is competition between teams used as a 
motivator.

Team rewards relate to the concept by Slavin that criterion 
referenced goals must be established that teams can receive a 
reward for attaining.

Temporary groups are groups formed for a particular short term 
project.

Design and Implementation
An experimental design was developed to test the hypothesis. 

The researcher investigated the implementation of Student Teams 
Achievement Divisions in two sections of introductory college 
biology. Results were analyzed for achievement of knowledge of 
biology. A comparison was made between the control and the 
experimental group. Both groups were taught by the researcher.
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Site

Northwest College of the Assemblies of God was selected as the 
site of the study. Northwest College is located in Kirkland, 
Washington in western Washington. Northwest College is a private 
college owned and operated by the Assemblies of God fellowship. 
The total enrollment for the 1990-1991 academic year was 681.

Sample
The target population for this study was college students in 

introductory biology. The registration packet for spring semester 
at Northwest College was arranged so that there would be two 
offerings of SCIE 110, Biology, at times close to each other. 
These two offerings were available for registration according to 
the desire of the student. After registration one offering was 
randomly selected to be the experimental group. A standardized 
pretest was given at the beginning of the course to determine 
similarities among the students in the two offerings.

Variables and Design
The independent variable for this study was the implementation 

of the Student Teams Achievement Divisions form of cooperative 
learning. The dependent variable was student achievement in 
biology knowledge.

A pretest-post test quasiexperimental design was used to 
examine the effects of implementing the "Student Teams Achievement 
Divisions" form of cooperative learning. The High School Subject 
Tests: Biology, Form B (Gatta, 1990) was used as a pretest measure
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of student achievement. The High School Subject Tests: Biology, 
Form A (Gatta, 1980) was used as a post test.

Instrumentation
The criteria for selecting an instrument for this study were 

(1) the test would have a minimum of two forms, (2) test at the 
high school summative level, (3) be fairly recent in origin, and 
(4) be standardized using accepted norming practices. Many 
instruments were reviewed but only the High School Subject Tests 
(HSST): Biology met all of the desired criteria.

The HSST: Biology Form A was developed from 1978 through 1980 
by Scott, Foresman and Company as an end of course exam. It was 
both norm referenced and criterion referenced. A random sample of 
public and private high schools across the United States was 
selected. A total of 316 schools and 28,481 students participated 
in the norming study for the High School Subject Tests program. 
The HSST: Biology Form A contains sixty items that cover six 
content areas including cell biology, microbiology, plant biology, 
animal biology, population biology and experimental reasoning. 
Each of the areas was also separately normed in the event further 
breakdowns of content knowledge were to be examined. The Kuder- 
Richardson Formula 20 coefficient for this test is .82.

The HSST: Biology. Form B was developed from 1988 through 1990 
by American Testronics as a companion to and an updated version of 
Form A. A random sample of public and private high schools across 
the United States was selected with 25,741 students participating 
in the norming study. The HSST: Biology. Form B contains sixty
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items that cover nine content areas including cell structure, cell 
chemistry, lower organism taxonomy, plants, animals, human body 
systems, genetics, ecology, and experimentation analysis. Each of 
the areas were also separately normed in the event further 
breakdowns of content knowledge were to be examined. The Kuder- 
Richardson Formula 20 coefficient for this test is .85.

The method of statistical analysis used in this study was an 
analysis of variance between the achievement of the control group 
and the experimental group as measured by the pretest and the post 
test.

Instruction
The section randomly selected as the control group received 

the traditional lecture-discussion format. The section selected as 
the experimental group was divided into heterogeneous cooperative 
groups on the basis of their HSST pretest scores.

The control and the experimental group were both taught by the 
researcher. An assistant was trained to assist with the group 
interaction monitoring and the correction and recording of the 
group assignments. The class met for fifty minute blocks on 
Mondays, Wednesdays, and Fridays. The class time included two 
minutes of group rewards from the previous group assignment, twenty 
eight minutes of lecture, then twenty minutes of group activity 
with a worksheet prepared by the lecturer. The duration of the 
study was twelve weeks including two weeks of group formation 
activities.
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Summary

This section has presented an overview of the methodologies 
and data collection used. The research findings were used to test 
the research hypothesis regarding the improvement of student 
achievement in biology when a cooperative learning implementation 
is made.

Organization of the Remainder of the Dissertation
Chapters Two and Three review the literature of adult learning 

with an emphasis on collaboration, and a review of cooperative 
learning as the methodology of choice for this study. Although 
there were studies of different effects of cooperative learning, 
such as self esteem and social development, the primary focus of 
the review was on improvement of achievement. An adaptation of 
Student Teams Achievement Divisions was the specific implementation 
used in this study so the review focussed on STAD.

Chapter Four discusses the methodology of this research study. 
Subject selection, the experimental design, and the procedures used 
are the main topics.

Chapter Five gives the results of the study. Pretest and post 
test data were represented in different manners so that the results 
from Form A and Form B of the HSST could be compared.

Chapter Six gives a summary of this study as well as some 
conclusions and applications that may be extrapolated from this 
data. Suggestions for further research are given.



CHAPTER TWO
COLLABORATION IN ADULT LEARNING

The first chapter of this dissertation presented a description 
of the apparent need for changes in the way science was being 
taught. A search of the literature regarding the poor performance 
of United States science students confirmed this need. There were 
writers who maintained that Americans were not as far behind as the 
tests seemed to indicate because we are the only ones trying to 
educate and test all children. However, even those maintaining 
this position say we have a problem (Ezzell, p. 195) .

A report titled What Do Our 17 Year Olds Know? in the 
September 1990 ASCD Curriculum Update (O'Neill, 1990a) stated that 
seven per cent of seventeen year olds could infer relationships and 
could draw conclusions using detailed scientific knowledge. Forty 
one per cent had some detailed scientific knowledge and could 
evaluate appropriateness of scientific procedures. Ninety-seven 
per cent understood some basic principles and one hundred per cent 
knew some everyday scientific facts. A study of scientific 
literacy of adults found that ninety per cent of adults in the 
United States and Britain were essentially illiterate. Six 
percent of American adults had a minimal understanding of 
scientific processes (Swinbanks, 1989, p. 400).

18
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Fiscal year 1991 of the National Science Foundation (NSF) 

showed a budget increase of eleven per cent. The funding that NSF 
aimed toward education was also up from eleven per cent to fourteen 
per cent of the total. Other government funds such as the 
Education and Human Resources budget were up forty six per cent, 
and the Eisenhower Grants through the Department of Education were 
up fifty eight per cent (Wild, 1991, p. 1) . Major projects are 
under way, such as Project 2061 by the American Association for the 
Advancement of Science (AAAS). Science For All Americans 
(Rutherford & Anigren, 1990) described one suggestion for content 
needed in science instruction. Jones-Wilson (1987, pp. 28-35) 
maintained that our history of educational reform is not promising 
as we tend to throw in more content, more tests, and less 
interaction with the subject matter. It would appear that AAAS has 
fallen into the same trap as others as their proposals at this 
point typically consist of more emphasis on content rather than 
process. The suggested AAAS curricula that are now being developed 
are not yet available so it is speculative to know which 
methodologies and processes will be incorporated in their findings.

How then should we address the need for improved success in 
the teaching of science? Educators have known for some time that 
tutorial instruction (Bloom, 1984) offered the best success, yet 
tutorials were not always possible. It may be possible to more 
precisely shape learnings to the student if we study the age level 
characteristics of the student and then present the learnings in a 
way more apt to involve them in their own education. The thrust of
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this study was the introductory level college biology student who 
is typically in the late teens or early twenties. The assumption 
of this researcher was that because these students are coming to 
college on a voluntary basis and are involved in making personal 
choices about their adulthood, they should be considered adult 
learners. To that end, this study began with a survey of the 
literature about adult learning and then moved to cooperative 
learning as a methodology that uses some principles of adult 
learning to more successfully educate the college student in an 
introductory biology class.

The role of the college educator is one for which there has 
been little preparation in the craft of teaching. The college 
professor is typically a subject matter specialist with little 
inclusion of classroom skills as a part of his or her instruction.

Theories of andragogy (adult education) have been published 
for many decades with the onset of studies beginning after World 
War I. The Carnegie Corporation provided funds in 1926 that 
assisted in the formation of the American Association for Adult 
Education. Thorndike published Learning Ability in 1928 and Adult 
Interest in 1935 in which adult learning was included as a topic. 
Herbert Sorenson published his book Adult Abilities in 1938, which 
is considered by many to be the first to address a theory of adult 
instruction. The need for rapid and effective training of a large 
number of adult males for World War II brought a tremendous 
emphasis on testing and on social sciences. Adult literacy and 
training became issues of national concern.
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There has been disagreement from the onset. Traditional 

collegiate education follows the principle that the professor is 
the specialist and is therefore the most knowledgeable on what 
should be required in the learning process. However, Carl Rogers 
(Knowles, 1978, p. 41) stated that we cannot teach another person 
directly but can only facilitate learning. James Russel (Knowles, 
1978, p. 34) agreed and asserted that all education is self 
education with the professor as the facilitator. The debate still 
continues today whether adults learn better with traditional 
collegiate methods or with a high degree of personal control of the 
process. Study of the literature may lead one to conclude it is 
not so much a debate as it is two camps in rare communication. 
There is much literature on adult education that follows the lines 
of thought given by Rogers and Russel. It does not appear that 
adult education on college campuses has been heavily influenced by 
these thoughts, especially at the undergraduate level. Knowles 
(1978), Knox (1977), Cross (1978), Tough (1978), and Jarvis (1983) 
all discuss how the pedagogical approach used in kindergarten 
through high school is more standard in colleges than the 
principles of andragogy where learning is designed for the adult.

Adult Learner Characteristics
What are some of the characteristics and needs of adult 

learners? An overview of andragogy, or adult learning, can help us 
address such a question. Knowles is considered by many to be the 
founder of andragogy and his work is found throughout adult 
learning literature. Andragogy has been defined by Knowles (1970,



22
preface) as "the art and science of helping adults learn". 
Pedagogy is typically defined as the structures used to present 
learnings to children. There is a debate as to whether they are 
separate approaches or just an acknowledgment that an individual 
may learn differently at different stages of life. The development 
and debate surrounding andragogy was briefly considered in this 
research.

There are general assumptions made about adult learners that 
were agreed upon by most researchers. Adult learners typically are 
motivated to seek education as they experience need and interests. 
The undergraduate experience is the beginning of education by 
choice rather than because of law. The orientation of college 
students becomes more life centered as they are making choices 
about future occupation. This self directing nature is an 
important point to consider. The student is beginning to exercise 
individuality and make choices that have substantial impact on 
future careers.

Adult learners are problem-centered as they try to settle 
issues in their lives. They want immediate solutions for 
application to their problems. Adults bring with them a wide 
variety of personal knowledge resources and want to share these 
with others. The pragmatic emphasis also leads them to want to 
hear how others have faced particular problems. Self esteem and 
self perception were very much involved as these experiences were 
shared in the classroom (Lindeman, 1926, p.31; Cross, 1978a, p. 
110; Jarvis, 1983, pp. 114-115; Knowles, 1978, pp. 55-58).
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Adults tend to be oriented toward specific goals. They like 

experiential learning, to be able to practice, and to get quick 
feedback (Loacker, 1986). They are typically pragmatic and diverse 
tending to prefer individualized teaching in a comfortable 
environment. They also prefer instructors who know their material 
but work with them instead of on them. Adults often seek education 
because of some transition they are making or plan on making 
(Weathersby, 1978) , such as personal life, job situations or 
changes, curiosity, religion, recreation, and others (Tough, 1978).

Adults tend to progress at their own pace toward solutions of 
felt needs. Adults tend to be oriented toward specific goals. 
Simpson maintains that the two distinguishing characteristics of 
adult learning are this self directedness and the desire for active 
personal experience in the process (Brookfield, 1986). A common 
request is to have education that helps keep the adult up to date 
in his or her own profession.

The college student as an adult learner would seem to have 
even more specific characteristics. Long (1983, p. 39) described 
his research as suggesting that the twenty to twenty-five year old 
may be at peak learning ability and, from his understanding of 
Piaget, that the student's highest ability is at age 2 0 (Long, 
1983, p. 53). His Table 2.2 which summarized his research 
indicated that this particular age would prefer small group study 
over lecture and individual study (Long, 1983, p. 59). Mader added 
that the junior college biology classroom needs to allow discussion 
and reasoning at every opportunity (Mader, 1972).
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Another point to consider is that adults want and choose to 

learn. This may be one of the main considerations when 
categorizing the college student as an adult learner rather than as 
an adolescent. The college student is not attending college 
because the law requires, but is choosing to pursue further 
education for the purpose of establishing a career. One might 
argue that there may be considerable pressure from parents and 
peers, but the college student is selecting coursework in a more 
purposeful way, and is expending a fair amount of money to pursue 
his or her education.

Tough (1978) cited a study stating that the typical adult 
learner conducts five distinct learning projects in a year spending 
an average of one hundred hours per project. Seventy-three per 
cent of the activities were self planned, fourteen per cent were 
group oriented, ten per cent were one-on-one activities, and three 
per cent were nonhuman. The surveys were from the United States 
(1501 adults interviewed), Canada, Ghana, Jamaica, and New Zealand. 
Professionally guided study comprised twenty per cent of the total 
learning done by adults.

College Students as Adults
The question may arise whether the college undergraduate 

student has been studied in terms of adult learning theory. Is the 
typical undergraduate student a recipient of adult learning theory 
practices and do these practices have beneficial effects on 
learning? Researchers such as Chickering (1987) , Weathersby 
(1980), Tough (1978) indicated that the research was inadequate and
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that much more work needed to be done. It was from their 
collective recommendation for further research that this project 
was initiated. Andragogy is a broad set of recommendations about 
teaching adults so this particular study needed to narrow the 
project. The specific focus of this study was the use of 
collaboration as the andragogical component for specific review. 
Collaboration and cooperation are terms that are typically used 
interchangeably.

There is little written about the undergraduate in terms of 
being an adult learner. The literature concentrates on older 
adults and emphasizes the life changes that occur after age thirty 
five. Most theorists define adult education as education provided 
for post high school individuals which would imply that there needs 
to be emphasis on the educational needs of individuals starting at 
age 18. Weathersby (1978, p. 23-24) developed a chart in which she 
calls 16 to 24 year olds a "leaving the family" phase and the 20 to 
29 year olds a "getting in the world" phase. One observes that the 
18 to 25 year old bridges these two phases. The 18 to 25 year old 
is the most typical undergraduate student and yet little of 
andragogy keys in on their needs. The colleges evidently consider 
the undergraduate years to be a continuation of high school and 
continue with pedagogical techniques.

Some might consider the 18 to 25 year old as an educational 
adolescent. They have many features and needs of adults, but do 
not quite have the security and experience of the more mature 
adult. It is for this reason that there needs to be much more
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research on andragogy for this age group. The teacher may need to 
continue some pedagogical technigues for the comfort of the 
student, but there needs to be a movement toward treatment of the 
college student as a maturing adult.

Participants in the Study
The students participating in this researcher's study would be 

similar to those one would find in a community college. K. 
Patricia Cross (1968, pp. 11-51) did a study of junior college 
students in 1968 to determine the nature of such students. This 
researcher assumes that her conclusions were generalizable to the 
college student population studied in this project. Cross studied 
400,000 students and measured fourteen abilities and 
characteristics. She found that students who went to junior 
colleges earned a grade point average between those who finished 
high school but did not go on to college and those who went to four 
year colleges. This would indicate that those going to junior 
colleges are typically not the highest academic achievers pursuing 
college experience. Cross also found the junior college student 
comes from a lower socioeconomic background.

A 1988 demographic study of students at Northwest College 
showed 57% of the students reporting they had to work to pay their 
way through college. This is down from ten years ago when 75% 
reported having to work while at college. In any event, this does 
indicate that finances are a heavy concern that could have an 
effect on student performance. Cross' study also showed that 
junior college students received less encouragement from home, and
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29% felt they would finish college, whereas 57% of four year 
college students felt they would finish. University students 
expressed even more confidence in their ability to complete their 
college work. The junior college students felt less well prepared 
for college, more unsettled about their future, and desired more 
practical course work.

A study by Goldberger (1980, p. 37-47) illustrates the large 
variability in emotional and intellectual development found in 
college students. The metaphor of being in an educational 
adolescent stage accurately implies the situation where an 
individual may want the freedom of adult educational choices but 
not have the experience or expertise to make such choices. Mader 
(1972) added that a junior college student in biology is typically 
an underachiever and therefore shy and apprehensive about science. 
Mader asserted that the use of andragogical techniques would help 
form a student that is more self-directive, problem centered and 
developed in social roles. This should produce a student more 
respectful, collaborative, and rich as a resource in the classroom.

Jarvis (1983, p. 114) asserted that learning is a basic human 
need. Adults seeking further education would seem to bear that 
out. Twelve to thirty-one per cent of adults in the United States 
can be called lifelong learners involved in organized instruction. 
Adult learners increased by thirty-one per cent during 1969-1975 
even though the adult population increased only thirteen per cent 
(Cross, 1978). Many sources, including colleges, vie to provide 
adult education for this lucrative market as evidenced by the
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advertisements so commonly seen on television and in published 
sources.

Application of Andraqoav to Adult Characteristics
The voluntary nature of the adult learner allows him or her 

some characteristics that need to be accommodated in a teacher's 
preparation (Draves, 1980, p. 15). The adult learner is less 
available, more independent, more motivated, less flexible, more 
responsible, more focused, more experienced, and wants more 
mutuality with the professor (Ashmore, 1987, pp. 1-3; Draves, 1980, 
p. 10) . Successful instruction entails a mutual planning component 
during which the professor and the student collaborate on 
identifying the needs of the student and the expectations of the 
professor (Loacker, 1980, p. 38) . The criterion of personalization 
was emphasized in Tough's (1978) study. Tough documented changes 
in adult learning in the 1950s, 1960s, and 1970s. He tabulated the 
studies available and found the trend to be toward 
individualization.

The list of characteristics given above also indicated that 
the educator was dealing with new attitudes about relevance. The 
college professor needs to design courses in such a way that the 
adult learner sees pragmatic implications in the learnings. 
Okebukola (1986, p. 582) discussed how the use of cooperative 
learning increased a positive attitude toward laboratory work with 
the result of increased student experience and learning. This type 
of information can be used to design courses for the adult learner.

The professor may also want to be concerned about the
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classroom atmosphere. It was mentioned above that the adult 
learner wants to feel a mutuality with the professor. The abundant 
life experiences of the adult learner bring a feeling of having 
something important to contribute. The professor should provide an 
informal and comfortable atmosphere and encourage interactive 
participation. There is a greater necessity for knowing the 
participants and treating their input as a resource of the class 
(Draves, 1980, p. 16).

The empathy and interest that a teacher shows demonstrates a 
necessary respect of the individual (Draves, 1980, p.53). Carl 
Rogers (Knowles, 1978, p. 41) emphasized this point by stating that 
a person learns significantly only those things which he or she 
perceives as being involved in during the maintenance of, or 
enhancement of, the structure of self. Obviously, some of the 
points discussed here should be considered with all learners, not 
just adult learners. The independent and voluntary nature of the 
adult learner makes these points even more important, if possible, 
than the classroom with required attendance.

It is recommended that cognitive and motivational theory be 
applied to adult learning as well. Colleges need to realize that 
students are adult and provide ways of increasing their motivation 
and ability to learn (McKeachie, 1978, p. 3). Shemesh and 
Lazarowitz's (1989) study on the positive correlation between the 
student's cognitive stage and science learnings indicate that a 
teacher needs to become aware of the cognitive stage of each 
student and provide learning activities that are appropriate. This
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would be similar to testing for learning styles as suggested by 
Kolb (1976) or some other learning style theorist. A full 
discussion of this area is not within the parameter of this review. 
This researcher recommends that those interested in such study 
begin by examining the work of Jerome Bruner (1961).

Larking and Chabay (1989) suggested that six criteria be 
applied when teaching adults. They were: (1) give a detailed 
description of the needed processes; (2) systematically address the 
knowledge; (3) provide active work for the adult learner; (4) give 
appropriate and timely feedback; (5) provide multiple encounters 
with the process; and (6) limit the demands on student attention 
(control distractors) . Jarvis (1983, p. 155) adds that the aims 
and objectives should be clearly specified, the materials selected 
should relate to these aims, the learnings should be staged to 
achieve success, and the level of difficulty should be commensurate 
with the student's experience and ability. Chickering (1984, p. 
3) asserted that a liberal secondary education should develop 
critical thinking, communication skills, learning how to learn, 
cultural sophistication and cross-cultural understanding, empathy, 
understanding and respect for others, and loyalty and intimacy. 
George Klemp (1977, p. 103) stated that ". . . it is neither the 
acquisition of knowledge nor the use of knowledge that 
distinguishes the outstanding performer, but rather the cognitive 
skills that are developed and exercised in the process of acquiring 
and using knowledge." Klemp clarified this by saying that the 
cognitive skills most important were "information processing skills
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related to learning, recall, and forgetting", and skills that allow 
individuals to bring order to the informational chaos.

This study was developed to test the success of a particular 
methodology in addressing some of these learning issues. 
Cooperative learning has shown success in elementary classrooms. 
The types of learning assistance found at the elementary level may 
be transferable to the college classroom. The next chapter 
examines such possibilities.



CHAPTER THREE
COOPERATIVE LEARNING AS THE METHODOLOGY OF CHOICE

This study concentrated on the use of collaboration or 
cooperation as a device to incorporate some of the andragogical 
techniques suggested by the literature. It must be clarified that 
whenever the terms Cooperative Learning are capitalized they refer 
specifically to the Learning Together model developed by Johnson 
and Johnson. The uncapitalized terms may refer to any group 
process where group cooperation is part of the methodology.

A primary collaboration, according to andragogy, should be 
between the learner and the instructor. The teacher as the 
experienced professional of the field needs to understand how he or 
she can best facilitate the learning process. Others take the view 
that the time honored method of lecture has been proven efficient 
and that turning more of the responsibility for the learning to the 
student is a compromise of the subject matter. However, the intent 
of considering the cooperative process is to insure that the 
subject matter is presented in a manner whereby the student 
achieves the most efficient and effective learning of the subject 
matter. A system of collaboration with peers and the teacher 
offers a variety of helps including peer tutoring and peer 
motivation.

32
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Jarvis (1983, pp. 130-155) briefly described how a variety of 

methods could be applied to adult learning. It was common in adult 
learning literature to observe a strong emphasis on some form of 
group learning (Brookfield, 1986, p. 135; Draves, 1980, p. 62) . 
The second collaboration to be established is some form of group 
activities that facilitate interaction. James Russel is quoted as 
saying "The best method of teaching adults yet hit upon is 
undoubtedly group discussion" (Knowles, 1978, p. 34). Welds (1986, 
p. 132) described how the use of groups and subgroups in an inquiry 
learning format produced longer term learning benefits. Inquiry 
learning in itself was an effective tool, as shown by the 0.62 
sigma effect over traditional learning as stated by El-Nemr (Joyce 
& Showers, 1988, p.46). Erickson and Strommer (1991, pp. 132-133) 
emphasized the need to use focused assignments to give structure. 
Assignments needed to be frequent and short to help the student 
establish a regular study routine, and needed to involve the 
students in activities that promoted thinking.

The adult learner has specific goals in mind and wants 
individual assistance to reach that goal. This is different from 
most K-12 students that are trying to discover what they want. The 
teacher of adults can zero in on specific learnings which can meet 
the specific needs of the student. This places the teacher in the 
role of facilitator.
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The aim of facilitation is the nurturing of self- 
directed, empowered adults. Such adults will see 
themselves as proactive, initiating individuals engaged 
in a continual re—creation of their personal
relationships, work worlds, and social circumstances 
rather than as reactive individuals, buffeted by 
uncontrollable forces of circumstances. ( B r oo kf ie ld ,1986, p.ll)
The undergraduate professor may need to use both pedagogical 

and andragogical techniques. The student fresh from high school is 
accustomed to being told what to do. The teacher can approach the 
class with a directive pedagogical method to make the student feel 
comfortable in the new college environment, but the goal should be 
to empower the individual by letting them make increasingly more 
choices in the classroom.

The works of Knowles, Jarvis, Brookfield, Knox, Cross, Draves, 
(previously cited) give some insights into the needs of the adult 
learner. There was much theory in these writings, but there was 
not much in the way of empirical evidence that the theories 
actually worked. This literature review supplied information for 
a foundation to apply a facet of adult learning, the group 
activity, to an undergraduate biological science course. The 
theory appeared feasible and this project was an attempt to 
implement such a study to provide an empirical foundation for 
implementing adult learning theory in other college courses at the 
undergraduate level. It was the assumption of this researcher that 
entry level college undergraduates in a college biology course 
would benefit from the use of the collaboration component of adult 
learning theory.
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Cooperative Learning in General

Cooperative learning is an educational innovation that is 
receiving a great deal of scrutiny by modern educators. 
Cooperative learning is not new as Slavin (1990 ASCD Conference) 
reported that the first studies were published in the 1920s and 
came out of the ranks of the social psychologists. The Johnsons 
contend that studies similar to the cooperative learning used today 
appear as early as the 1890s. The Johnsons maintain that 
cooperative grouping was studied in the 1800s by John Parker, was 
a point of emphasis with John Dewey in the 1930s but had its modern 
beginnings in the work of Morton Deutsch in the 1940s (Johnson, et 
al, 1984, pp. 11-14). It has been a topic discussed sporadically 
over the years but is now enjoying a spotlight of attention and a 
proliferation of studies, especially at the elementary level.

Cooperative learning is a technology that incorporates many 
educational practices. Some maintain it is a convenient method for 
promoting peer tutoring and pupil rehearsal of teacher planned 
activities (Sharan, 1979, pp. 125-139). Another group (Johnson, 
et al) asserted that the real value is the provision of a social 
context for task oriented cooperation, communication and 
intellectual exchange among peers. The general success of 
cooperative learning may be related to these different practices as 
they have all been shown to increase learning.

There were many studies described that indicated the 
effectiveness of a cooperative or collaborative model of learning. 
Joyce and Showers (1988, p. 34) listed effect sizes of 1.0 for time
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on task, 0.2 for peer group influence, 0.4 for peer tutoring, and 
2.0 for tutorial instruction. Bloom (1984, p. 6) showed a sigma 
effect size of 0.8 when cooperative learning was used. Joyce and 
Showers (1988, p. 34) stated that their studies showed an average 
sigma effect of 0.48 with some of the more complete implementations 
producing a 1.25 sigma effect. Knowles (1978, p. 94-96) gave a 
complete outline of advantages of using group dynamics in the adult 
learning process. He stated that the attraction of the group can 
act as a motivation for learning as well as a place for 
clarification and expansion of understandings. Watson (1980, p. 
58) concurred and offered different activities that a group can use 
to facilitate higher cognitive levels of learning, such as role 
playing, simulations, problem solving, and other processes. 
Johnson and Johnson, developers of one of the most adopted 
cooperative learning models, asserted that students involved in 
group learning develop confidence in themselves as they interact 
which has the effect of producing better learnings (Johnson & 
Johnson, 1975, p. 46) . Johnson and fellow researchers concluded 
that intrinsic motivation resulting from group interactions was a 
major contributor to the success of Cooperative Learning (Johnson, 
Maruyama, Johnson, Nelson, & Skon, 1981, pp. 47-48). Some even 
suggest there was better transfer of learnings gained through a 
cooperative format (O'Donnel, et al, 1985, pp 308-315).

Cooperative learning offers an alternative to teacher centered 
teaching that is so predominant at colleges. It is noteworthy that 
group learning was developed initially for college (Newmann &
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Thompson, 1989, p. 1) but that present research is almost all at 
the elementary level. Newmann (1987, p. 6) further cautions that 
secondary use of cooperative learning requires significantly more 
teacher preparation and that achievement improvement may be hard to 
measure because of the inconsistency of measurement tools 
available.

Primary Developers of Modern Adaptations
There were many individuals who played key roles in the modern 

development of cooperative learning. Shlomo Sharan from Israel has 
concentrated on using Dewey's format and provided a structuralist 
model. Others adapted the innovation freely to specific 
applications. The adaptability of cooperative learning is one of 
its great strengths as individual educators are encouraged to fit 
the innovation to their classroom.

David and Roger Johnson are co-directors of the Cooperative 
Learning Center at the University of Minnesota. They reportedly 
have trained over 30,000 teachers and have done significant 
quantities of research. Their book Circles of Learning: 
Cooperation in the Classroom, co-authored with Edythe Johnson 
Holubec and Patricia Roy, is an excellent source for the person 
wanting a brief explanation of the importance of cooperative 
learning. The book also offers research findings, steps to 
implementation, instruction on how to teach the necessary social 
skills, recommendations for supervising the teachers, and a 
conclusion on when cooperative learning is or is not appropriate. 
Johnson and Johnson approach the nature of cooperative learning
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from a social psychology viewpoint.

Robert E. Slavin is director of the Center for Research on 
Elementary and Middle Schools at The Johns Hopkins University. 
Slavin and his team at John Hopkins have developed a series of 
structured formats of cooperative learning that often have special 
applications. Slavin emphasizes team learning and provides a 
sequential pattern to be followed by the educator. The patterns 
are adaptable, so they can be modified for given applications. 
Slavin has published a small book called Cooperative Learning: 
Theory, Research, and Practice that is very useful in describing 
his particular offerings. The book reflects the structuring that 
Slavin uses and gives a very methodical description with some 
general information on implementation. More will be said about 
Slavin later as his structured format called Student Teams 
Achievement Divisions was the format selected to use during this 
study. The National Education Association produced a small book in 
1988 called Student team learning: An overview and practical guide. 
2nd edition by Slavin that provides an introductory overview for 
those considering adoption.

Spencer Kagan has been researching cooperative learning for 
over twenty years. Kagan is director of Resources for Teachers in 
Riverside, California and now devotes full time to training 
teachers in what he calls the structural approach to cooperative 
learning. Kagan maintains that an educator needs to have a group 
of structures in which any learnings can be placed. Kagan is 
similar to Slavin in this approach except that Kagan is trying to
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prevent the innovation from being bound to a particular set of 
information so that the teacher is able to make choices about how 
to present information.

There are many variations within cooperative learning. Slavin 
developed a variety of cooperative models, each with particular 
points of emphases. Student Teams Achievement Divisions (STAD); 
Teams-Games-Tournaments (with DeVries) (TGT); and Team Assisted 
Individualization (TAI) are all grouped under what Slavin calls 
Student Team Learning. Slavin modified Aronson's Jigsaw into 
Jigsaw II (Bossert, pp. 228-230). Slavin also developed 
Cooperative Integrated Reading and Composition (CIRC). Aronson's 
Jigsaw requires each member of the group to become an expert in one 
area, and then the group gets together to form a whole, as in a 
jigsaw puzzle. Small Group Teaching and Group Investigation by 
Sharan and Sharan builds on Dewey's work. Group-Investigation is 
similar to Jigsaw except with more individual freedom. Co-op Co-op 
was developed by Kagan, and Learning Together by Johnson and 
Johnson. Learning Together involves students in small 
heterogeneous groups. The list continues to develop as educators 
get involved in creating subinnovations such as Descubrimiento, 
Groups of Four, Think-Pair-Share, and Numbered Heads Together. 
Danserau presented a very rigid form with just two in each group 
and specific assignments for each individual.
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Andraqoqy. Cooperative Learning, and Biology

Chapter 2 overviewed andragogy and some of the characteristics 
that needed to be considered when teaching adults. Some of the 
needs such as developing analytic thinking, interpersonal skills 
(Loacker, 1986, pp. 38-40), developing social roles, being 
collaborative and informal, respectful and drawing on the rich 
resource of the previous learnings of peers (Mader, 1972, pp. 392- 
395) can be found in cooperative learning activities. These 
techniques allow students to learn from other students and makes 
the teacher a facilitator rather than the major source of 
knowledge. The use of cooperative learning aligns with the 
recommendation of educational theorists like Rogers and Bruner as 
the student begins to take more responsibility for learning and 
students share responsibility for content (Abram, 1980, p. 1)

Minstrell (1989, pp. 129-149) pointed out that a significant 
problem in teaching science was the failure to develop thinking 
skills. This deficiency restricted the development of precise 
background knowledge of science that the student needed to access 
when pursuing further learnings. Sachse (1989, p. 18-21) asserted 
that the use of previous learnings was important to construct 
connected learnings. Active involvement in learning may even take 
up to 60% of the class time so it may be necessary to 
reconceptualize how the course is offered (Charlesworth, 1986, 
p.ll). A brief study of cooperative learning as it is being used 
and developed today will be helpful in determining how it can be 
used in the introductory college biology classroom.
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Effectiveness of Cooperative Learning

The literature considered almost any type of group work to be 
called cooperative learning. Some of these methods were loosely 
structured, others were narrowly structured. The variations are 
necessary and part of the refinement technigue that is so much a 
part of educational research. Even with a broad variety of study 
structures, the overall conclusion about cooperative learning was 
very positive. Results claimed that cooperative learning was 
usually as good as traditional approaches and in most cases showed 
increases in academic achievement (Slavin 1980b, Johnson 1987, 
Danserau 1983, Sharan 1979, et al). Slavin (Slavin, 1980b) found 
only one study where cooperative learning students had done worse 
than the traditional control group. A later study by Slavin (1985, 
p. 10) of 46 field experiments reported before 1984 noted that 
twenty-nine showed positive results, fifteen had shown no 
significant difference, and two reports had shown cooperative 
learning to be less effective.

A 1981 study by Johnson, Maruyama, Johnson, Nelson, and Skon 
(1981, p. 50) of 122 studies and 286 findings showed that 
sixty-five of the studies indicated an improvement of at least .75 
standard deviation, while thirty-six showed no significant 
difference and eight studies showed negative difference for 
Cooperative Learning. In a later article, the Johnson's discussed 
323 studies with 1691 findings on production and achievement that 
began with Triplett in 1897 (Johnson & Johnson, 1990, p.24). They 
concluded that, in general, achievement and production was higher
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with cooperative learnings and that cooperative learners generally 
used higher level reasoning strategies (Johnson & Johnson, 1990, p. 
34) .

A social psychology class at the University of Washington 
claimed that those in a cooperative format averaged half a grade 
higher than those in a traditional form of the class (Fraser, 
Beaman, Diener, & Kelem, 1977, pp. 101-108).

There were few studies that specifically applied group 
learning to the biology classroom. Friedler and Tamir (1986, p. 
268), in a study on teaching scientific concepts, stated that a 
major problem was the lack of communication between the teacher and 
the students. This pointed to the importance of collaboration 
between the teacher and students. Friedler and Tamir observed 160 
laboratory lessons and found that 80% of the lessons did not allow 
for sufficient discussion activities. Lack of group interaction 
was concluded to be responsible for the lack of clarity in concepts 
formed. Group interactions were important to the understanding of 
concepts because it allowed the different perceptions to be 
challenged, evaluated, and internalized. Haslam and Treagust 
(1987, p. 208) confirmed that misconceptions were a major problem 
with students who have difficulty in science. They suggested that 
some form of concept mapping be a part of the concept clarification 
process. This is a good activity for a group to pursue as 
participants discuss the scope and sequence of a concept.

Okebukola (1986, p. 589) also studied groups. His concern was 
whether attitude toward science laboratory activities would make a
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difference in learning. Okebukola pretested for subject matter 
using the Biological Sciences Curriculum Series tests and used the 
Attitude to Laboratory Work Scale to survey attitudes. He then 
implemented cooperative groups in the laboratory for a six week 
period and post tested the group for attitude and success in lab. 
He found that the cooperative group experience created a more 
positive attitude in males and a marked improvement in attitude in 
females coupled with overall better success in learning. Okebukola 
concluded that better attitude would produce achievement but used 
standardized measurement for attitude only.

Lazarowitz and Karsenty (1990, p. 125) investigated the use of 
cooperative learning. He was convinced that it had been shown to 
influence three aspects of the classroom environment. He assumed 
that a positive attitude toward science, cooperation among 
students, and active involvement in learning would all be helpful 
to teaching biology. The bulk of his initial work dealt with 
attitudes, but further research indicated that cooperative learning 
is easily combined with the inquiry type of approach commonly used 
in science. Cooperative students were mixed by the researchers 
into heterogeneous ability groups and the groups were kept active 
for seven weeks. Lazarowitz, Hertz, Baird, and Bowlden (1988, pp. 
475-487) found that attitude and absenteeism problems were reduced, 
and that achievement levels were up.

Benedict and Lind (1973, pp. 57-64) described a study at 
Portland State University where three approaches were applied to 
the teaching of biology. The group process approach consisted of
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one lecture, one group discussion, and one two hour laboratory 
session per week. Benedict concluded that there were some student 
motivational problems and that students tended to do very well or 
very poorly. He also asserted that process centered biology took 
much more time than the traditional approach. Benedict's statement 
about the varied success was supported by Widaman and Kagan (1987, 
p. 363) as they reported that the success of the student was 
related to the student level of cooperation.

General Success Studies
The data from the multitude of studies also indicated 

promising results when cooperative learning was used. Cooperative 
learning appeared to have a greater positive effect on the nonwhite 
groups than it did on middle class white students (Slavin, 1980b). 
It was thought that the use of this innovation reduced the widening 
gap between such student groups. There was indication of greater 
time on task (Slavin, 1980a) when students involved themselves in 
cooperative learning. Slavin (1980b) claimed that student concern 
and altruism for others showed increase. Many studies at other 
sites showed increase in positive race relations. Sharan (1990, p. 
285-286) stated that the rapid dissemination and extensive research 
concerning cooperative learning could in large part be due to its 
ability to penetrate some of the more complex and recalcitrant 
social-psychological issues that are prevalent in the modern 
classrooms.

The two books, Cooperative Learning (1990) edited by Sharan 
and Learning to Cooperate, Cooperating to Learn (1985) edited by
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Slavin, Sharan, Kagan, Lazarowitz, Webb and Schmuck, offered a 
variety of studies that provided empirical insights into what was 
being learned about cooperative learning. Educators reading these 
books found scholarly analyses of the studies as well as more 
complete descriptions of various forms and adaptations of the 
innovation. Joyce and Showers (1988, p. 34) emphasized the 
importance of the strength of the implementation of the forms and 
adaptations.

Rigorous studies allowed researchers like Graves and Graves 
(1985, p. 430-431) to provide a list giving six levels of 
cooperative learning activities with their concomitant cognitive 
and social skills learned. A similar and interesting list that 
goes beyond the scope of this paper was given by Knight and 
Bohlmeyer (1990, pp. 10-14). They described forty variables 
representing causal mechanisms used in cooperative learning. It 
was not possible to duplicate the list or the documentation of the 
causal mechanisms in this paper, but some of the mechanisms 
described were: discussion producing a higher quality of learning; 
cognitive processing through oral rehearsal; psychological support 
and acceptance; clarity of task structure; peer tutoring; and self 
regulation of learning. An examination of these lists may help the 
educator to adapt the innovation to better meet the needs of 
his/her individual classroom.

Studies Having None or Negative Effect
Not all the research showed cooperative learning to be 

successful in increasing achievement. McClintock and Sonquist



46
(1976, pp. 588-596) confirmed that there were very few tests of 
cooperative learning at the college level. They presented their 
study and concluded the use of collaborative groups did not affect 
achievement. They compared two different methods of forming the 
groups. Groups chosen sociometrically, as is typically recommended 
by Johnson, Johnson, Slavin, and others were not as successful as 
groups that were formed because of mutual interest.

McClintock stated that the higher achieving students had to 
pay too high a price in peer tutoring time when in the mixed 
ability group and often resisted having to take responsibility for 
the group. Another conclusion was that material that was extremely 
difficult could not be efficiently learned by group activity. 
Pearson, although working with fourth, fifth, and sixth graders, 
concluded that there was no significant difference when cooperative 
learning was used for science teaching (Pearson. 1989, p. 1) . Data 
from Seymour's project asserted that cooperative learning was no 
better than lecture for increasing achievement (Seymour & Padberg, 
1975, p. 302). Using small groups in mathematics, Davidson (1985, 
pp. 211—231) concluded that there was no significant difference in 
achievement between small group and large group methodologies. It 
should be clarified that Davidson used a group methodology that did 
not require individual accountability.

Sherman did two studies in secondary biology classrooms that 
compared the Group Investigation model as proposed by Sharan with 
the typical competitive classroom model. He asserted that the 
Group Investigation did make the students less dependent on the
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teacher, but found no significant difference in the achievement in 
the different groups (Sherman, 1989, pp. 55-64). A study by Webb 
keyed in on the importance of interaction within group learning and 
he concluded that the importance of interaction for success in 
achievement was mixed (Webb, 1985, p. 147) .

General Observations about Study Designs
There was tremendous diversity in the preparation for the 

implementation of cooperative learning studies. Some teachers 
attended eighteen workshops before implementing while others 
apparently just read a manual. The length of the student 
involvement varied considerably. Sharan's study took just nine to 
twelve hours of student time. Seven weeks was more common, with 
some taking two years. The outcomes were quite consistent, with 
cooperative learning showing improvement in achievement most of the 
time. Slavin (1990 lecture at ASCD conference on Cooperative 
Learning) stated he had found only one study where cooperative 
learning had shown lower achievement than the traditional control 
group. The general conclusion was that cooperative learning was no 
worse than traditional, and quite often was better.

Implementation Information
Every innovation has unique features that require

consideration beyond the standard implementation procedures. It 
was important to have a fuller knowledge of the innovation and to 
understand such unique features as this would effect the strength 
of the implementation. The stronger the implementation, the
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stronger the results (Fullan, 1991). Chapter three of Circles of 
Learning (Johnson, Johnson, Holubec & Roy, 1984) provided a general 
summary of the literature concerning cooperative learning. All the 
innovators emphasized the functioning and make-up of the 
cooperative group and the reward structure. The more recent 
literature strongly emphasized the importance of the structuring of 
the lesson. These are examined in more detail individually later 
in this research.

Time Requirements of Collaborative Learning
A common concern when using group work was that more time was 

required to learn. The extra time requirement appeared generally 
true although one study showed that the control group covered less 
material because it was not as focussed as the group work (Slavin 
lecture at August 1990 ASCD Cooperative Learning conference). It 
would appear that the structuring role of the educator was critical 
to time factor concerns.

Sharan discussed time as an existing factor affecting success 
of cooperative learning. He maintained that implementation was 
more difficult in high schools because they are so much more 
regimented, especially with the instructional time remaining in 
fixed periods. Sharan asserted that cooperative learning can only 
be implemented to the extent that the traditional is supplanted, 
not just altered (Sharan, 1990a, pp. 288-296). He further 
cautioned that no empirical research had been done along that line. 
Smith (1986, p. 18) maintained that ample time must be provided for 
groups to systematically complete the tasks.
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Groups

The major innovators all provided rational arguments for using 
groups. In Circles of Learning: Cooperation in the Classroom. 
Johnson, Johnson, Holubec, and Roy illustrated that group work 
promoting discussion promoted discovery and developing of cognitive 
strategies. Bossert (1989, p. 228) concurred, stating that group 
academic interactions foster cognitive integration. Spurlin, 
Danserau, Larson, and Brooks (1989, pp. 453, 460) maintained that 
students have difficulty monitoring their own cognitive processes 
and that participating in a group allowed peers to interact with 
the individual to examine such processes. Spurlin, et al, also 
asserted that more summarization activities produced better recall. 
Johnson, et al, (1984, p. 15) asserted that groups gave students 
opportunity for oral repetition, peer feedback and support, idea 
exchanges, personal motivation, and even conflict resolution 
skills. Bossert (1989, p. 234), based upon his studies of Slavin, 
noted that groups receiving instruction on specific helping roles 
can produce peer tutoring, reasoning strategies, and more time on 
task.

Lyman and Harvey (1990, pp. 17-22) described six types of 
group building activities. They described how creative group 
building activities can involve group members in divergent thinking 
processes. Critical thinking group builders fostered problem 
solving skills and convergent thinking. Communication builders 
helped students to practice oral communication and listening skills 
to use with others in the group. Awareness builders helped
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students become aware of skills, talents and perceptions that are 
brought to their group, which may include things like personality 
traits, cultural differences, socioeconomic differences, religious 
differences and gender differences. Environment builders helped to 
promote a caring, positive classroom environment. Self esteem 
builders helped students build the positive self concept needed for 
positive decision making. They further asserted that the first 
group activity should be a task with a high probability of success 
so that the group can develop motivation to work as a group. It 
was extremely important that the group shared a common goal and 
worked together to accomplish that goal (Smith, 1986, p. 18).

The use of groups seemed to offer many benefits to modern 
educational methodologies. Gunter, Estes, and Schwab (1990, pp. 
169-171; see also Fraser, Beaman, Diener & Kelem, 1977, pp. 101- 
108) approached collaboration from the viewpoint that groups 
getting together produce a "more natural discovery of learning" 
because it emulates society. They also asserted that group work 
improves listening and speaking skills as the individual shares and 
rehearse with group mates. Lyman and Harvey (1990, pp 8-22) stated 
that group members develop an appreciation for the differences that 
individuals bring to the group activities. They stated that group 
building activities can develop critical and divergent thinking 
skills as well as communication skills. Heterogeneous grouping 
develops awareness and appreciation for differences that results in 
a caring and positive classroom atmosphere. This atmosphere was 
necessary to best affect achievement. McGlynn (1972, pp. 86-94)
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asserted that the group activities produced better hypotheses 
because the interaction develops focussing skills that resulted in 
fewer untenable choices. Miller and Chetham (1990, pp. 388-392) 
stated that though existing freshman biology was presented 
adequately, it was unexciting. Using cooperative learning had 
potential to be more successful in presenting science as 
investigative and creative.

There are many important components when instituting 
collaborative learning. The most visible is the use of student 
groups. Composition, size, training, and evaluating the groups are 
all factors being studied.

The determination as to the composition of the group varies, 
allowing the educator to decide about how to form the group. Lewin 
did much work with groups (Johnson, et al, 1981, p. 47). His view 
was essentially that the group had to develop its own methods and 
dynamic. Other researchers have found it to be more efficient and 
effective to provide structure for the groups. Davidson (1985, p. 
212), for example, found that groups that were told to cooperate 
but did not have a method for individual accountability were not 
successful.

Heterogeneous grouping has provided the best results. Short 
lived, non-cohesive groups were not recommended (O'Donnel, et al, 
1985, pp. 308-315). Slavin (1979, p. 294) further discussed this 
point and emphasized that a group must be together long enough for 
productivity norms to develop and for the group members to accept 
accountability to each other. Bossert (1989, p. 235) cautioned
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that how a student perceives his or her status within the group 
affected learning so the teacher must insure that each student has 
an important role in the functioning of the group. Sharan (1990a, 
pp. 287) confirmed this by concluding that cooperative learning was 
successful because it finds an active role for everyone. Bossert's 
(1989, p. 228) study of Slavin's work reported that Slavin believes 
that the assigning of specific helping roles and the encouraging of 
collective effort increases student contact within the group that 
helps in developing the successful functioning of the group.

Heterogeneous grouping seemed to take advantage of the 
benefits of peer tutoring so the size and composition of the group 
needed to consider such contingencies. Group size ranged from two 
to six, depending on the situation. Generally, the less time there 
was for group work, the smaller the group so that all members 
actively participate (Johnson & Johnson, 1987e, pp. 13-25). 
Famish, presenting at a Cooperative Learning Conference sponsored 
by the Association for Curriculum Supervision and Development in 
1990, recommended that groups of four be used. Famish, a trainer 
at Slavin's Center for Research on Elementary and Middle Schools at 
The Johns Hopkins University, stated that groups of four provided 
a broader base of previous learnings, problem solving skills, and 
were not as threatening to each other. Groups of four also allow 
for internal dyads to form for occasional work. The small group 
can be more cohesive and can apply more peer pressure within the 
group which can be a positive influence to learning (Sharan & 
Sharan, 1976, p. 12).
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The members of the group can be selected randomly, by the 

students, by the teachers, or even by the student's academic 
history. Each researcher defended a particular group composition 
as an important part of the success of the technology. In many 
cases, the composition of the group was critical to the type of 
activities the group was expected to do. Researchers admitted that 
no one methodology was best for all situations. The studies 
reflected that a causative feature was what individuals brought to 
the group from their own experience (Sachse, 1989) which followed 
research suggesting that personal application increases learning.

The precise composition of the heterogeneous group depended on 
what the educator was trying to accomplish. Achievement level was 
often increased when the group had a mix of learning abilities. 
This may have taken place because of the different perspectives and 
methods of cognitive rehearsal that students brought to their 
groups (Baird & Koballa, 1986, p. 2). Many researchers recommended 
ethnic and cultural mixes as well because of the broader diversity 
of backgrounds that are brought to the learning. The educator 
wanting to include social development as an emphasis could 
incorporate social development into the group structure. 
Specialized group construction can be used for special situations, 
like having the artistic together for producing murals. It is not 
recommended that students be allowed to compose their own groups.

The operation of the group was a critical point. Every group 
varied in its needs, so the teacher had to evaluate. The role of 
the teacher was important and varied from the traditional
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pedagogical methods. Cohen's (1986) book Designing Groupwork: 
Strategies for the Heterogeneous Classroom discussed in detail the 
differences in the teacher's role. He stated that typical pedagogy 
was direct teaching, which included such things as lecturing, 
instructing, telling, disciplining, monitoring seatwork, 
recitation, and on task behavior. The teacher was the leader in 
such a setting. The teacher who involved the students in group 
work was giving feedback, redirecting the group with questions, 
encouraging thinking and group processing, observing students and 
supplying resources. Johnson and Johnson (1984, p. 26) approach 
cooperative learning more from a social psychology viewpoint and 
offer many different publications that discuss ways to develop the 
group. They emphasize developing interpersonal skills, encouraging 
feelings of support for those within your group, ensuring success 
and making each student accountable to their group.

It can be helpful to provide the group with a structured 
program of who does what, in what order, and at what time. 
Davidson (1985, p.212) listed some rules for the teacher that 
included the importance of the teacher initiating the group work, 
presenting the guidelines, providing written materials, personally 
interacting with the group to help them tie ideas together, and 
evaluating the work of the group. Winget (1987) provided criteria 
for determining the groups and getting them functioning. 
Interaction skills need to be monitored and perhaps taught. Care 
must be taken that the ones who know and the ones who talk are not 
allowed to overwhelm the others. Different strategies are given,
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ranging from forced turn taking to assigned roles. Sharan and 
Sharan (1976, p.31) suggested using Dewey's stages of logical 
thinking as a pattern. The pattern included defining and analyzing 
the problem, suggesting a solution then discussing the advantages 
and disadvantages of the solution, and finally checking the 
validity of the solution. There was a wide variety of cooperative 
learning formats, each with certain implementation specializations. 
Literature on the topic provided individualized guidelines.

Many of the researchers examining cooperative learning offered 
suggestions about the formation and operation of the groups. Boyer 
(1988, p. 16) defined group building as the process of creating a 
cohesive group that functions positively and productively to 
accomplish its tasks. Successful groups often needed teacher 
assistance with the individual group roles, group leadership, how 
to handle cross currents, and other group dynamic interactions. 
Initial direction in task structure and individual responsibilities 
helped to reduce possible conflicts. Part of the teacher's role 
included helping the group develop its own monitoring and 
evaluating techniques. Formation and function training for the 
group ranged from precise, as in following T-group formation as 
directed by Lewin, to letting them find their own middle ground 
with minimal interference as suggested by Slavin. Slavin discussed 
the necessity of knowing your students and indoctrinating them with 
your expectations, but suggested that each classroom is different 
and needs the direct understanding of the teacher (Slavin, 1990) 
There was a wide range of suggestions but one researcher advised
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that no one method suffices and that the teacher needs to respond 
to the needs of a particular group (Pesson, 1970, pp. 129-166). 
Pesson suggested that all procedures revolve around thinking, 
feeling, and acting, then gave a list for reference. The transfer 
of teaching power to the group was sometimes a problem as teachers 
had to change from being _in authority to being an authority in the 
classroom (Schultz, 1990, p. 35) and acting as a monitor of the 
educational process rather than the direct source. Sharan (1980, 
pp. 241-271) asserted that decentralization of authority and 
focussing on the classroom was vital.

Structural Concerns
The structures of the studies, defined as the established 

procedures used when implementing certain adaptations of 
cooperative learning, seemed to vary along five dimensions. Most 
used a high interdependence of rewards, meaning that the reward was 
earned by the group. There was the demand to ensure the success of 
everyone in your group because if one member failed, the whole 
group was affected. A number of studies indicated this feature to 
be the single most important driving force in the success of 
cooperative learning.

Second was the high interdependence of the task. Most of 
these studies considered the task to be important, but the dynamic 
of the group to be more important.

Third, the majority of studies placed a high level of 
accountability on the individual which helped solve the problem of 
having individuals allowing others to do their work and not really
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learning.

Fourth, many groups required a great amount of imposed 
structure until they became self actualized.

The fifth dimension was the use or nonuse of competition 
between the groups, with most studies tending to use competition. 
Another area that researchers were beginning to clarify as 
particularly important was that the learnings needed to be 
structured by doing a thorough task analysis and using clearly 
stated objectives. Structuring seems to be more important in 
learning more rigorously structured knowledge such as spelling, 
science, and mathematics.

Slavin appeared to be very thorough in his examination of the 
theoretical background of cooperative learning. He asserted that 
the three most important components of a cooperative technology 
were (1) reward structure, (2) task structure, and (3) authority 
structure. It was consistent in all the articles that manipulation 
of task or reward was the focus of the research. Slavin asserted 
that the structure of the reward was the major component of 
cooperative learning. Other writers gave less emphasis than Slavin 
to the importance of reward as a motivating device for the student.

How the reward was structured, according to Slavin (1980a, 
p.253), was very important to the success of his forms of 
cooperative learning. There had to be a strong emphasis on the 
reward going to the group, not just the individual. This was 
percieved as threatening by those individuals who sought high 
grades. Once convinced that their grade depended upon the
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activities of the group, they were often fearful about their own 
grade being damaged by others beyond their control. A teacher must 
observe carefully that the higher achieving students do not rebel 
but instead become highly motivated to make sure the group gets the 
job done right. The teacher must also guard against the higher 
achieving student being exploited by the group (O'Neill, 1990b, pp. 
6-8) .

The educator must strongly emphasize individual accountability 
which can be described as the responsibility of the individual to 
the group. A student must not be allowed to coast on the efforts 
of others. Appropriate use of assignments, role activities, and 
structured assignments can help develop this sense of 
responsibility. Designing initial group activities in ways to 
insure success will help develop positive feelings about the group 
and the individual's role in that group. The reticent student must 
feel an intrinsic motivation gained from doing better than he/she 
has ever done before. The importance of complete involvement of 
group members cannot be overstated.

Researchers found that letting the group handle their own 
problems was usually the best way to accomplish group function, but 
the educator needed to keep abreast of developments and be prepared 
to intervene quickly in the event the group could not come to 
agreement. Deliberate and thorough implementation with clearly 
stated purposes and objectives were important to the success of 
cooperative learning methodologies.

Group rewards need to be (1) visible, (2) to the group not an
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individual, and (3) close to the event.

Cooperative learning requires a great deal of work as the 
educator must structure the lesson before the group gets it, and 
then needs to quickly correct assignments for return and reward. 
This incorporates the advantage of quick feedback (Slavin, 1987). 
It also keeps the intergroup competition sharp. Hassard (1990) 
made a point that the new technologies like the computer were 
"naturals” for the need of quick feedback. Hassard described how 
technology such as videotapes, videodiscs and other electronic 
tools could be strong aides in a cooperative learning classroom. 
Special ways of calculating rewards were unique to particular 
formats so the educator needed to refer to the description of the 
format being used. Some used a handicapping procedure based on a 
pretest base, then provided reward by amount of improvement from 
the base rather than top score. Chickering (1983) and Winget 
(1987) and others recommended that criterion referenced grading be 
used rather than norms.

Ancillary to the reward system was that there was a reward 
generated among the students themselves as they experienced success 
and developed comfortable relationships. The students needed to 
discuss the operation of their own group as to how well it was 
functioning. This was called group processing.

One advantage in using the improvement award instead of the 
top score award was that students got a personal reward as well as 
a group reward. The improvement award was given when a student 
scored better on a quiz than he or she did on the first two quizzes
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given. This improvement reward improved the personal grade as well 
as being added to the grade earned and shared by the group. This 
reward provided reinforcement about the success possible from 
collaboration. These feelings of success allowed opportunities for 
the educator to teach other strategies designed to help the group.

Structuring of the Presentation
Structure applied to the lesson has been recognized as 

important to the success of cooperative learning. Joyce and 
Showers gave a range of effect sizes from 0.28, 0.48, 1.25, and up 
to 3.0 with the higher number relating to the strength of the 
implementation and the structure given to the lessons (Joyce and 
Showers, 1988, p. 34). Winget (1987) stated that the objectives 
must be clearly specified, both for the academic skills and for the 
collaborative skills. Clarity in explaining goals, objectives and 
procedures was prominent in the more structured formats used by 
Slavin and Kagan, although they were important in all 
implementations. There was increasing evidence that the amount of 
structure needed was related to the subject matter with subjects 
like spelling and mathematics needing more structure and social 
studies needing less. This observation was one of the rationales 
for the variety of formats of cooperative learning being used.

Both Teams, Games, Tournaments, and Student Teams Achievement 
Divisions were developed with structure having what is called a 
focussed schedule. Focussed scheduling used a pattern of approach 
that provided consistency. In STAD the focussed schedule was to 
teach the lesson, let the team study with worksheets, test the
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individuals, then give recognition to the teams performing at 
criterion referenced levels. This focussed schedule was credited 
for the success of these two in the more structured subjects of 
mathematics, vocabulary, and language arts. Focussed scheduling 
was being studied further as a causative component. Two studies 
actually showed the traditional approach group doing as well or 
nearly as well as cooperative group when the lessons studied were 
structured (August 1990 Slavin lecture at ASCD Cooperative Learning 
conference).

Both STAD and TGT have had success in social areas, with 
students having improved race relations and having more mutual 
concern about their fellow students. Many researchers were 
pursuing these facets of social dynamics. Three of six studies 
(Slavin, 1980b) of these two subtechnologies showed improved race 
relations, four of six show improved academic achievement (with 
questions about implementation as explanation about the other two) , 
and three of four showed that students had spent more time on task. 
Time on task was also generating more studies as attention to task 
seems to be strongly correlated to learning.

One area of discussion that did not seem to be prevalent in 
the literature was a discussion of the effect of the learning 
styles of those involved in cooperative learning groups. Widaman 
and Kagan (1987, p. 357) studied second through sixth graders 
learning spelling in a cooperative learning format. They included 
an analysis of learning styles and their conclusion was that 
cooperative students learned better in a cooperative format while
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competitive students preferred the more traditional approach. 
Andrews (1981, p. 161) concurred by concluding that students who 
are more interpersonally oriented benefitted more when using the 
cooperative learning format. Learning style may also be related to 
whatever intrinsically motivates the student, and students are 
often motivated in different ways. Some students may find more 
satisfaction in winning in competition than in sharing the win by 
cooperating. Baird and Koballa (1986, p. 2) discusssd the 
possibility of a differential effect that could be related to 
different aptitudes. Davidson (1985, p. 211) asserted that 
students learn at different rates which may affect the functioning 
of a group.

This researcher expected to find some discussion of the effect 
of training on the students. Students typically are placed in 
regimented and competitive classroom situations beginning in junior 
high school. It would seem to this researcher that a student who 
comes to college after many years of being trained to learn in a 
regimented and competitive style would have a hard time changing 
study habits and their personal approach to learning. Such 
training may also influence how the student perceives society. A 
society that lauds the individual victories more than team 
victories sends a very strong message on what is accepted as 
success.

There are a variety of other suggestions found as one goes 
through the literature. Edwards and Stout (1990) noted the 
importance of setting the environment for cooperative learning with
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an efficient arrangement, pacing and get acquainted activities. 
Both Schultz (1990) and Sharan (1980) discussed how the classroom 
changes as the teacher was no longer in authority but was an 
authority. Decentralization of the classroom from teacher centered 
to student centered required preparation and, in some cases, a 
conscious effort by teachers to overcome fear of losing control.

Ellis (1990) made some important comments about the need for 
training. He recommended that, after getting the support of the 
principal, the educator also enlist at least one peer with whom to 
interact. Appropriate reference books, visits to classrooms and 
released time to develop the lesson structure needed were all part 
of Ellis' recommendations. Common suggestions found were to start 
small, build slowly, and adapt as needed.

Many adoption models were available to follow. Staff 
Development: Enhancing Human Potential, by Orlich (1989) offered a 
chapter that overviewed some of the models available, and pointed 
out that the ones that work have certain features in common. In 
his chapter "A Paradigm for Staff Development" Orlich (1989) 
pointed out that awareness, needs assessment, implementation, 
maintenance and evaluation are the essential components in 
whichever model was chosen. His model is emphasized at this point 
because implementation is part of a well defined and important 
process. Trying to implement without meeting established adoption 
model criteria will not produce a positive and lasting 
implementation. Adoption at the college level for this project was 
uncomplicated as the teacher was given freedom to operate his/her
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classroom according to personal and professional preference.

The administrator is a critical factor in the process as the 
leadership of that position can make or break the implementation of 
an innovation. Edwards and Stout (1990, pp. 34-37) identified the 
importance of staff commitment to the project: a concept echoed 
throughout the literature. The roles of training, knowledge of 
methodology, leadership commitment and time to develop were 
consistent features in successful implementations (Ellis, 1985, pp. 
34-37) .

Research results implied that cooperative learning might bring 
the fulfillment of a teacher's best dreams. Students were happier, 
less vengeful, more altruistic, and wanting to learn when part of 
a cooperative group. Absenteeism was down, race relations were 
smoother and everyone cared for one another (Winget, 1987) . 
Students liked school. These papers do show that the technology 
has potential. Researchers were very careful not to claim that 
their methodology was the answer, but that the methodology was 
adaptable to different situations. The attitude of adapting to a 
particular need and the documentation provided to show the 
potentials were considered by the researcher to be indicators of 
concern for the primary focus of education which is the student.

Choosing a Cooperative Learning Adaptation for Application
Cooperative learning has been considered from a generic point 

of view and has not focussed on one particular model. The overview 
led this researcher to narrow the field of models to two that 
seemed to be best suited for this particular study. Learning



65
Together as described by Johnson and Johnson has become a very 
popular and therefore a highly studied model. The researcher found 
that the titles Learning Together and Cooperative Learning are 
often used interchangeably.

Cooperation was most simply defined as working together to 
accomplish shared goals. David Johnson (August, 1990 Johnson 
lecture at ASCD Cooperative Learning conference) referred to such 
things as sports teams and business management teams as examples of 
how individuals contributing their unique skills in their groups 
can accomplish more than individuals. The competitive individual 
approach tends to isolate people from those who could help, and to 
demean those who cannot adequately compete. There is only one 
winner, so most others may become depressed and lose the motivation 
to even try.

Cooperative learning was defined as the instructional use of 
small groups so that students worked together to increase their own 
learning as well as that of the group. This definition sounds 
simple, but the implications of such a methodology are very broad. 
It has been stated before that cooperative learning may have forty 
or more causal mechanisms that have been isolated so far (Knight 
and Bohlmeyer, 1990, pp. 10-14) . It is very possible that there 
are more causal mechanisms, so the determination of how to use 
cooperative learning to its best instructional use will require 
much more study.

The Johnsons (1984, p. 8) proposed four basic elements to
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Cooperative Learning. These four elements are:

1. Positive Interdependence
2. Face to Face Interaction
3. Individual Accountability for Mastery
4. Interpersonal and Small Group Skills

The elements refer to requirements a cooperative learning group 
must have to function appropriately. Positive interdependence 
bonds the group because it is the feeling that the destiny of the 
group is dependent upon the participation of each individual. Face 
to face interaction requires that each individual is involved in 
interaction with each of the other members of the group.

Individual accountability for mastery is an element that sets 
cooperative learning groups apart from other types of groups. This 
element asserts that it is necessary for each person to be 
evaluated for individual learnings. Groups that are graded on the 
basis of group projects only do not address the issue of the 
nonparticipant, meaning the person who takes the group grade 
without contributing to the group project. This element requires 
the possible nonparticipant to demonstrate on an individual quiz 
that they have learned.

Interpersonal and small group skills are basic rules of 
behavior that let interaction occur that are directed toward the 
concepts being learned. An example is that students are taught to 
criticize ideas, not people (Johnson, Johnson, & Holubec, 1990) .

The group is a central feature in Cooperative Learning. Some 
groups are informal, being formed spontaneously and provided with 
very little structure. Other informal groups can be temporary 
groups that are formed for a particular short term project. The
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teacher will often select and structure these groups for the 
specific roles of that project. An example might be that artistic 
children might create a stage set, dramatic children might learn 
performance roles, and others might manage the presentation of a 
skit. Formal groups are typically for long term projects. The 
teacher must structure the group in such a way that all children 
get to participate and accomplish the full range of learnings 
intended. Long term may mean anything from six weeks to the 
duration of a particular project.

Cooperative Learning usually forms formal groups, although the 
other categories may be selected for certain situations. The 
teacher not only decides what type of group to form, but also 
structures the group by size and composition, and then provides 
direction to help the group to function. Group processing relates 
to the interactions by the group among themselves about what 
activities are helpful and what activities need to be changed for 
the group's success. It is the formation and functioning of the 
group that sets Cooperative Learning apart from some of the earlier 
group methodologies. The Johnsons completed many studies on how to 
get the most performance out of a group. Their studies tended to 
concentrate more on the social psychological development of the 
group and its members, but they also spent a great deal of time 
researching motivational, attitudinal, and achievement effects of 
Cooperative Learning.

The Johnsons have refined some ideas about the need for 
interdependence to make the group as well as the individual have
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success. Promotive interaction is interaction in and by the group 
that encourages each individual to be involved. Some of the older 
groups allowed an imbalance of the work load and therefore some 
students could drop out and not participate, resulting in little or 
no learning. The teacher must work to develop the group so that 
this does not happen. Some group development can be done by fixing 
it so different members have a certain item that is necessary to 
the others for completion of the project. The Johnsons call this 
means interdependence which specifies the specific contribution 
required from each group member that the group depends on to 
achieve its' goal. Means interdependence is closely related to 
task interdependence which occurs when a division of labor is 
created so that actions of one group member have to be completed if 
the next group member is to complete his or her responsibilities. 
Both of these could be considered a subset of what the Johnsons 
call role interdependence that takes place when members are 
assigned complementary and interconnected roles that specify 
responsibilities that the group needs to complete a joint task. 
The teacher must monitor the individual and the group to insure 
that the interdependence indeed happens.

The result of role interdependence should lead to positive 
interdependence which is the perception that one is linked with 
others in a way so that one cannot succeed unless their work 
benefits one and one's work benefits them. Positive 
interdependence is closely related to positive goal interdependence 
which is when individuals perceive that they can attain their goals



69
if and only if the other individuals with whom they are 
cooperatively linked attain their goals. The positive 
interdependence should create a broader consideration of peers 
called social interdependence. Social interdependence is when the 
outcomes of individuals are affected by each other's actions. A 
teacher will often use what is called positive reward 
interdependence that comes into existence when each group member 
receives the same reward for successfully completing a joint task.

Cooperative Learning as developed by the Johnsons has much to 
offer the educator because of the depth and breadth of the research 
that has occurred and continues. There are many features of 
Cooperative Learning, such as positive social and peer acceptance 
and enhanced pupil involvement in decisions regarding one's 
learnings, that meet criteria of andragogy (Sharan & Shaulov, 1990, 
p. 174) . A limitation to using it in the traditional college 
classroom is that it would be very difficult to accommodate the 
content requirements considered acceptable by accrediting bodies 
and institutions that accept courses in transfer. It would be 
especially difficult to learn the content using only a cooperative 
format in the typical 50 minute class period allotted. Adaptations 
must be made as prepackaged programs rarely work (Winget, 1987).

Team Approaches
As attractive and as well researched as the Johnson and 

Johnson model of Cooperative Learning is, Slavin's Student Teams 
Achievement Divisions (STAD) was selected as the adaptation of 
choice for study. One attraction was that Sharan maintained that
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less human relations training was needed for STAD style of groups. 
STAD was easier to implement in a college classroom because it 
maintained the direct teaching approach for information 
presentation. The structured team approaches developed by Slavin 
were similar enough to what was normally done that the amount of 
resistance to change by other college professors who may want to 
try collaborative teaching should be reduced.

Structures are established procedures used when implementing 
certain adaptations of cooperative learning. Team learning is a 
concept that the group functions as a team with each individual 
playing an important role in the success of the team. Often there 
is competition between teams used as a motivator. A brief look at 
the team approaches is valuable to this study.

Jigsaw II is a methodology where each group does one component 
of a larger project. These components are then combined, like 
pieces of a jigsaw puzzle, so that the final product uses the work 
of all the groups. Tearas-Games-Tournaments (TGT), was developed 
with DeVries as a team approach to learning. Each group, or team, 
prepares itself for a contest and competes as a team to win the 
prize of recognition. It is similar in many ways to an intramural 
sports program except scholarly achievement is the goal. The team 
concept is also central to Team Assisted Instruction (TAI), and 
Cooperative Integrated Reading and Composition (CIRC). Slavin 
developed STAD which will be described in more detail.

Student Teams Achievement Divisions
A problem with college level subject matter is the sheer bulk
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of content that must be covered. This large body of content is 
probably one of the major reasons that professors resort to the 
lecture. It is not possible to bypass the traditional content 
requirements because of accreditation and transfer standards, so a 
compromise must be found if collaborative work is to be 
implemented. Time, content and rigidity of schedule have been 
recognized as problems and Slavin has developed STAD as an 
adaptation of cooperative learning to meet those particular 
attributes. STAD combines direct teacher presentation and group 
interaction. These particular accommodations allow STAD to be a 
cooperative methodology useful in a college level application.

The STAD model allows for presentation of basic material by 
the teacher (Sharan, Hare, Webb, & Hertz-Lazarowitz, 1980, p. 8). 
This material is then worked on by the group. The use of the STAD 
model of cooperative learning allows a college biology class to 
cover the required subject matter in lecture format, then allows 
groups to discuss the subject matter for understanding and making 
applications to issues. Examples include anything from simple 
review of the lecture for understanding to a higher cognitive level 
study, such as of the basic reaction of photosynthesis by 
discussing it as the source of all food and most energy, and making 
applications of the importance of understanding photosynthesis in 
order to feed the hungry of the world. The teacher can be 
directive in the lecture, and facilitator of the group as the group 
interacts to clarify concepts and make applications.

Slavin (1990) described STAD as one of the simplest of the
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methods used in cooperative learning, making it easier to implement 
in the classroom. Slavin divided STAD into five components for 
ease of understanding. These five components were class 
presentations, teams, guizzes, individual improvement scores, and 
team recognition.

Class presentations stand out as one of the unigue features of 
STAD. A type of direct instruction is typically used which is 
determined by the teacher. The presentation is clearly and tightly 
focussed, teaching to an objective that is delineated for the 
student. The student focusses on the presentation so that the 
student groups will be able to complete the worksheets, individual 
quizzes, and testing that comes from the presentations. Direct 
presentation by lecture is a common method of presentation in 
college biology classrooms.

An important problem to consider is that cooperative lessons 
in a typical college setting need to be adapted to fit the 
lecture/group format into fifty minute periods. It may be possible 
to more tightly focus the lecture into a shorter time period to 
allow a group time for interaction with a worksheet based on the 
lecture.

Teams were a major emphasis in Slavin's adaptations of 
cooperative learning. Slavin endeavored to capture the spirit of 
cooperation found in sports teams to create a camaraderie that 
supports each of the team members. Teams can be of different 
sizes, but Slavin recommended four to five students who are 
heterogeneously mixed. Camaraderie can help cross ethnic, sex, and
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racial barriers, but the major purpose of the groups for this 
project was achievement so the teams were mixed primarily by 
achievement and secondarily by other class features. Emphasis on 
the team is to be continuous, and the role of each team member as 
a contributor to that team is to be both taught and encouraged by 
the teacher. The primary concern was academic for this project, 
but achievement can be accentuated by motivational factors like 
peer acceptance.

The teams worked on worksheets that were based on the 
presentations. Group activities were structured in such a way that 
cooperation was developed and each student received assistance in 
learning the concepts presented. Focussing the activities to a 
specific project was called goal structuring. Assignments were 
collected from a random student from each group so that the group 
worked to make sure that each group member learned the assignment. 
The student also learned what Slavin called individual 
accountability. Individual accountability was the concept that a 
team's success depended upon each team member learning the 
specified objectives. Slavin also approached this idea from the 
viewpoint of the individual wanting to participate by describing 
what he called egual opportunities for success.

Egual opportunity for success meant that students could help 
their team with an improvement grade. The results of the teacher 
helping in developing such interdependencies was intended to lead 
to base groups that were permanent stable learning groups that 
provided long term support, encouragement, and assistance. This
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team work was to prepare the student for individual quizzes and 
testing that followed.

Individual quizzes should be given every three to five days. 
Slavin suggested one way of structuring the learnings would be a 
couple days of presentation, a couple days of group processing, and 
then a quiz. Slavin (1990, p. 56) emphasized that the quizzes were 
individual so that each student was responsible for learning the 
material.

Slavin added the idea that students should receive reward for 
improving their level of performance. Individual improvement scores 
were an effort to add another dimension to grading and was intended 
to be particularly enticing to the less apt student as they could 
supplement their grade and also be encouraged that they were moving 
up in level of capability. Each student was given a base score 
that was determined by his or her performance on a set of quizzes. 
Subsequent scores on quizzes were compared to the base score and a 
formula was applied that awarded points for improvement. Slavin 
(1986, p.19) supplied the following formula.

Quiz Score Improvement Points
more than 10 pts below base score 0 
10 points below to 1 point below base score 10 
base score to 10 points above base score 20 
more than 10 points above base score 30 
perfect paper (regardless of base score) 30

These improvement scores were figured into the student's grade by 
a formula determined by the teacher. Famish (1989) recommended no 
more than 2 0% of the final grade be from all cooperative scores, of 
which one is the improvement score.

Advocates of cooperative learning typically recommended using
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criterion referenced grading so that grades were based on 
performance instead of competition.

Team recognition was the final category. Teams earned 
recognition and rewards based on predetermined criteria. Team 
rewards related to the concept by Slavin so that criterion 
referenced goals must be established that teams could receive a 
reward for attaining. These rewards were usually in the form of 
certificates or other visible honors. Some teachers elected to 
give other rewards such as toys, books, candy, or even let students 
accumulate awards to trade in for field trips or other things of 
interest to students. Slavin (1990, p. 63) recommended the use of 
award certificates given on the basis of average team scores 
according to the formula:

Criterion (Team Average) Award
15 GOODTEAM
20 GREATTEAM
25 SUPERTEAM

Examples of these award certificates that can be copied are given 
by Slavin (1986, p. 82, & 1990, p. 158).

Special care was needed in the implementing of STAD as STAD 
training manuals focus primarily on elementary classrooms rather 
than college classrooms. Slavin uses a reward system that can be 
adapted to the college scene. A typical student concern that 
needed to be addressed was having one's individual grade affected 
by the performance of the group (Fraser, Beaman, Diener, & Kelem, 
1977, pp. 101-108).

The success of STAD with science has only a small amount of 
research. STAD had its greatest success in science in a series of
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studies done by Okebukola (1988) that gave an average positive 
effect on the standard deviation of 2.05 in one study of 359 eighth 
graders. Subsequent studies by Okebukola (1986) showed a positive 
effect of .31 and 2.32. However, two other studies done by 
Okebukola in biology showed negative effects of .31 and .06 . No 
other studies of biology using STAD were listed by Slavin in his 
1990 analysis of research, but he did list two studies of biology 
using other team learning methods.

Lazarowitz did a study of biology with sixth graders using 
Jigsaw that showed no difference in effect. Sherman and Zimmerman 
completed a study of seventh graders in biology that showed a 
negative .15 effect (Slavin, 1990, p. 22-26). Diana Rice (1990) 
examined a cooperative learning format used in a science laboratory 
course for preservice elementary education teachers. Rice found no 
significant differences between the cooperative or standard 
approach. These results may not be significant because of the few 
studies done, but it was interesting that Okebukola reported 
success with STAD in science, but poor success with biology in 
particular.

Because there were so few studies at the college level the 
writer will include relevant studies done at that level in areas 
other than science. Kagan (1985) pointed out that as of 1985 
Johnson and Johnson had performed two college level studies and 
these had shown a positive effect in one and no effect in the 
other. It should be noted that Johnson and Johnson have 
concentrated on the lack of attention to college and have now
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released a version of Cooperative Learning for college level 
students.

Rose Swartz (1989) compared students in a traditional and a 
cooperative business writing course and found students learned 
equally well in each, although qualitative data showed improvement 
in social skills in the cooperative groups. It can also be noted 
that Harvard was in the midst of a series of studies using group 
activities and in a first report (Light, 1990) the assessment 
appeared to be showing positive effects from using groups. The 
assessment at this time was primarily qualitative and did not 
specifically address student achievement.

It was the intent of this study to apply STAD to the college 
classroom. This study attempted to add information about STAD 
which had not shown the success with biology as it had in other 
subject areas.



CHAPTER FOUR
DESIGN OF THE STUDY

The studies of cooperative learning strategies were 
concentrated mostly at the elementary school level with fewer at 
the secondary level and even fewer at the collegiate level. The 
report by Vagelos (1989) regarding the decline in the numbers of 
students majoring in science indicated the necessity that colleges 
must not only attract more students into science but also retain 
them. A restructuring of an introductory college biology class so 
that students have better success and satisfaction may convince 
some students to select science as their field of study or to 
continue in their original major within science.

This study was undertaken to provide empirical data concerning 
the effects of cooperative learning, specifically an adapted 
Student Teams Achievement Divisions form, on the achievement of 
students taking an introductory level college biology course. The 
value of such data lies in the substantiation of cooperative 
learning as a methodology to increase achievement. Other colleges 
investigating methods to increase student achievement in 
introductory biology may benefit from the data.

78
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Statement of Hypothesis 

The following null hypothesis was tested.
H01 There will be no significant difference in biology

knowledge for college students when introductory biology 
is taught using a modified Student Teams Achievement 
Divisions form of cooperative learning compared to 
college students being taught using a traditional lecture 
method.

Design and Implementation
An experimental design was developed to test the hypothesis. 

The researcher investigated the implementation of a modified 
Student Teams Achievement Divisions in two sections of introductory 
college biology. Results were analyzed for achievement of 
knowledge of biology. A comparison was made between the control 
and the experimental group. Both groups were taught by the 
researcher.

Site
Northwest College was selected as the site of the study. 

Northwest College is located in Kirkland, Washington in the western 
part of the state. Northwest College is a private college owned 
and operated by the Assemblies of God fellowship. The total 
student enrollment for the 1990-1991 academic year was 681.
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Selection of Subjects

Northwest College began in 1934 as a ministerial training 
institute. It has developed through the years into a college 
having accreditation with the American Association of Bible 
Colleges and the Northwest Association of Schools and Colleges. 
Northwest College offers seven ministerial majors and three liberal 
arts majors in their Bachelor degree program as well as Associate 
of Arts degrees in General Studies and in Office Technology. All 
degrees require a minimum of ten semester credits of science and 
must include a laboratory course. The only major that specifically 
requires the introductory biology course is elementary education. 
Few students come to Northwest College with a science degree in 
mind. They typically take math and chemistry at Northwest before 
transferring to an institution offering their desired major. Some 
students needed the biology course discussed in this paper. The 
biology course was therefore an elective to most students. This 
class has had the highest annual enrollment of the science classes 
taught at Northwest College.

Northwest College had a fall semester student population of 
681 in the 1990-1991 academic year of which approximately one half 
were students new to the college. One hundred forty-four of these 
were transfer students of which 77 transferred from community 
colleges. These and some of the others may have already completed 
their science requirements. Altogether there were 284 freshmen, 
133 sophomores, 108 juniors, 144 seniors and 12 classified as 
special status students. Approximately 51% were female with the
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other 49% being male. Eighty-three per cent of the students new to 
the college in the fall of 1990 were single. Ninety-one per cent 
of the student population was Caucasian, 1% American Indian, 5% 
Asian or Pacific Islanders, 1% Black American, and 2% Hispanic. 
Many of the students come to Northwest College shortly after high 
school graduation although there are a number of students in their 
twenties, thirties, and forties. The mean age of all students in 
the 1990 fall enrollment was 23.2.

As stated previously, all Associate of Arts and Bachelor of 
Arts degrees at Northwest College reguire ten semester credits of 
science-math with a further stipulation that at least one lab 
course must be taken as part of those ten credits. The number of 
students taking the introductory biology course ranged from thirty 
to seventy per semester depending upon the number of lab sections 
opened by the Academic Vice President. The offering of two 
separate biology sections offered the potential of ninety-six 
students enrolled if both were allowed to be filled to capacity. 
The potential population needing a lab science was approximately 
one half of the student body, or three hundred fifty students. The 
class size limit limited participants to a maximum of ninety-six. 
Actual enrollment depended on student choice as college 
registration is on a voluntary basis.

Northwest College has an open admissions policy very similar 
to that found in a community college. The student population 
represents a cross section of academic and financial capabilities. 
K. Patricia Cross (1968) described the typical student of such an
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institution as having a higher level of difficulty achieving in 
college because of poor academic preparation, poor study skills, 
and limited financial support that requires them to divide their 
time between study and supporting themselves to some degree. 
Cooperative learning groups should provide peer support and 
cognitive rehearsal to assist the student through such learning 
difficulties. The cooperative lessons were designed to address the 
learning needs of both the lower and higher achieving student.

College students who were seeking to fulfill their general 
college requirement of science by taking an introductory biology 
course were the target population for this study. These students 
were essentially non-science majors and were taking the class only 
to fulfill a college requirement rather than selecting the class 
because of a specific desire to take biology. These students 
tended to be representative of students described in other studies 
that have achievement and attitude problems about science in 
general.

The accessible population for this study were those who 
enrolled for the introductory biology class during the 1991 winter 
semester at Northwest College. It was not possible to randomly 
select or assign these students so other randomization procedures 
were used.

It was decided by the researcher to limit enrollment of each 
of the two sections of Biology to thirty in an effort to have good 
sample size. The Academic Vice President agreed to this 
arrangement with the proviso that if thirty was reached in both
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sections, then both sections would be reopened to the class maximum 
of forty-four each.

The final enrollment was forty-three for one section and 
thirty-three for the other section. The section with forty-three 
had twenty—seven women and sixteen men. The second section had 
sixteen women and seventeen men. The twenty—seven women in the 
first section were a mix of sixteen freshmen, six sophomores, four 
juniors, and one senior. The average age was 20.37. The sixteen 
men in the first section were composed of five freshmen and eleven 
sophomores. The average male age was 19.88. The second section 
consisted of sixteen women of whom six were freshmen, five were 
sophomores, three were juniors, and two were seniors. The average 
age of the women was 22.55. The seventeen men included ten 
freshmen, four sophomores, two juniors, and one senior. The 
average age of the men was 22.8.

Measuring Instruments
The measuring devices for this study were the High School 

Subject Tests: Biology, Forms A and B, which are part of the 
fifteen test Comprehensive Assessment Program of Scott, Foresman 
and Company and American Testronics. Form A was developed by 
Scott, Foresman and Company. Form B was developed by American 
Testronics which performed equivalency tests of Form B to form A 
allowing them to be used as a pre-test and a post-test in 
comparative studies. The stated purposes of the subject tests are 
(1) to assess individual student performance; (2) to diagnose 
individual student problems; (3) to evaluate instructional
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programs; and (4) to aid in career counseling (Gatta, et al, 1989, 
p.6). Further advantages of using these tests were that they were 
nationally normed and that they test high school level knowledge. 
Individual items have been rated with difficulty and discrimination 
coefficients. One disadvantage was that the test items cover a 
full year of high school study whereas some of the students had no 
high school biology experience. Another consideration was that the 
introductory college course being studied was a one semester course 
lacking the time to cover the breadth and depth that these tests 
were designed to measure. These were not major disadvantages as 
the purpose of this study was to compare student achievement by 
comparing post test to pretest scores.

Both forms of the HSST: Biology are forty minute timed tests. 
The tests were judged by the researcher to be appropriate as they 
were developed to test what a student had learned in high school 
biology. The introductory college Biology class used in this study 
was typical of the first biology course a student takes after high 
school so the test was situated at the right juncture of the 
student's college experience.

Form A was developed by a group of curriculum specialists 
beginning in 1977. They developed the test using care to follow 
recognized test development procedures. This process was described 
in the Teacher's Manual (Gatta, 1979). Norming began in 1979 with 
a random sample of public and private schools. Form A answer 
sheets were self scoring and had tables that provided national 
norming information.
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The norxning for Form A included 316 schools and 28,481 

students. The summary statistics showed that the biology test 
includes sixty items covering six content areas. The N was 2598 
with a mean raw score of 27.8 and a standard deviation of 7.4. 
Reliability was rated at .82 and standard error at 3.2 (Gatta, 
1979, p.12). The Kuder-Richardson formula 20 was used to compute 
the reliability coefficient. Descriptive and statistical 
information for each of the six content areas is shown in Appendix 
B.

The norming for Form B began in 1988 and included a total of 
25,741 students from public and private high schools across the 
country. The biology test included sixty items that covered nine 
content areas. The mean raw score was 23.7 and the standard 
deviation was 8.3. The Kuder-Richardson formula 20 reliability 
score was .85, and the standard error was 3.3. Further descriptive 
and technical data about this form are found in Appendix B. Scoring 
of Form B was done by computer and had to be sent to American 
Testronics. Scoring services cost $1.50 per student per test and 
provided the teacher with individual and class readouts for each of 
the content areas as well as the whole test. Gable and Archambault 
(1985, pp.656-657), and Phillips (1985, pp. 657-658), reviewed the 
HSST Comprehensive Assessment Program subject matter tests. The 
reviews did not specifically address any one of the fifteen tests, 
but agreed that the test series was well developed. The large 
sample from the 316 schools across the nation was considered to be 
a good representation, although Phillips points out that there was
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no information about ethnic or minority groups that may have 
participated in the process.

The test developers claimed to have both criterion referenced 
and norm referenced information about student achievement. All 
three reviewers disputed the validity of any criterion referenced 
claims as the number of questions was too small. The Biology Test 
has only sixty questions but claims to supply criterion references 
for nine content areas. The number of questions used to establish 
such claims runs from four to nine. This study used only the full 
test scores and not the content area components so the described 
inadequacy of questions was not a drawback. The reviewers stated 
that the tests were quite adequate for a summative evaluation.

All reviewers maintained that there was good breadth to the 
tests and there was a good representation of objectives addressed 
in the questions. The tests were judged appropriate for use as 
summative tests in a high school curriculum. This researcher 
concluded that since the HSST: Biology was designed to be a 
summative test for high school biology and since the college 
biology being measured was at the introductory college level, the 
HSST: Biology was an appropriate choice. Tests designed for 
college are typically summative and designed for those 
concentrating in sciences. The researcher could not find college 
tests that had two forms that would be appropriate for the students 
taking introductory college biology. Discussion with 
representatives from the Educational Testing Service and other 
companies that publish standardized tests confirmed that the HSST:
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Biology best met the criteria of recent development, national 
norming, multiple forms, summative high school or precollege level, 
and specifically addressing biology. The researcher selected to 
use one form of the HSST: Biology as a pretest and a different form 
as a post test to determine achievement gains.

Selection of Design
The design selected was quasiexperimental. Course enrollment 

at the college could not be randomly assigned as the subjects were 
individually working out schedules based upon their chosen major or 
personal desire. The researcher met with the Academic Vice 
President of the college to request that the two independently 
conducted introductory biology sections be offered in the same 
semester. It was also requested that the section times be adjacent 
in an attempt to set aside possible validity problems due to time 
of offering. The result was one section being offered during the 
second class period and a subsequent section being offered during 
the third class period. The labs for these sections were also 
scheduled separately so that the subjects' in-class experiences 
would not be mixed in any way.

It was also agreed that the sections would initially be 
limited to thirty students each in an effort to insure large enough 
samples. Once the level of thirty was reached the section 
enrollments were reopened resulting in forty-seven students 
enrolled for the second period section and forty—one students 
enrolled in the third period section. Normal attrition from 
students changing their mind between the fall registration and
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actual beginning of the semester in January left the class sizes at 
forty-three and thirty-three respectively.

The next step was to select which course would receive the 
application of the cooperative learning treatment. Three weeks 
after the closing of pre-registration, held two months before the 
beginning of the classes, the researcher enlisted the aid of a 
student for this process. A three by five card was cut in half and 
given to the student with the instructions to place the numeral one 
on one of the pieces and the numeral two on the other. The student 
did not know that the one represented the first offering of the 
class day which was second period. The two represented the second 
offering held during the third period of the day. These were then 
placed in a paper sack and shook to mix them. The student was then 
instructed to take a coin and flip it in the air. The coin landed 
with heads facing up. The student was told that the researcher was 
using the recommendation of a research methods text (Gay, 1987, p. 
277) that heads represent the experimental group and tails the 
control group. The student was then instructed to reach into the 
sack and select one of the cards. The retrieved card had the one 
on it. Matching the one with the heads gave the random selection 
that the second period section would be the experimental group. 
This second period section will be referred to as the experimental 
group for the rest of this study. The third period section will be 
referred to as the control group.

Execution of Procedures
The course being subjected to this study was SCIE 110,
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Biology. The course was a one semester introduction to biology 
that discussed science and scientific method, a brief overview of 
chemistry as it relates to living things, and an introduction to 
cytology. The course briefly covered reproduction types, mitosis, 
meiosis, and Mendelian genetics. General animal and plant systems 
were surveyed with general examples of these systems discussed. 
Molecular inheritance was briefly presented. The course also 
introduced some general concepts of ecology and evolutionary 
theory. The normal class meeting structure was three fifty minute 
lectures per week and one two period laboratory experience.

Two separate sections were established for the purpose of this 
study. The experimental group met from 8:30 until 9:20 a.m. for 
lecture on Monday, Wednesday, and Friday. Laboratory time was 7:30 
to 9:20 a.m. on Thursday. The control group met from 10:30 until 
11:20 a.m for lectures and from 10:30 until 12:20 p.m. on Thursday 
for laboratory experience. Appendix A displays the syllabi for the 
two sections.

The sections discussed in this study began January 11, 1991, 
with the first day used for introducing the class and discussing 
the course syllabus. Those parts of the syllabus describing 
cooperative learning treatment were not distributed or discussed on 
the first day. Monday, January 13, 1991, was the day for 
administering the Scott, Foresman and Company's Form A of the High- 
School Subject Test: Biology. The test was a timed forty minute 
test. The pre-test and the post-test (scheduled for April 19, 
1991) were the only variation to schedule allowed in the control
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section.

The control group received the more traditional lecture- 
discussion delivery of course content. They received the same 
essential content as the experimental group except the lecturer 
provided all the examples and applications as part of the lecture. 
The experimental group received a general example and were expected 
to provide other examples and applications from the previous 
experiences of their group members. The only grouping of the 
control group directly related to the course structure was in the 
laboratory as two students were assigned to one lockable storage 
unit that contains microscope, prepared and blank slides, and 
dissecting equipment. These partners were self chosen and worked 
together during laboratory time although individuals were 
responsible for their own assignments. Any informal groupings, 
such as study groups, were strictly at the volition of students. 
The grouping assignment of the experimental group for lab came out 
of the class groups. The fours were divided into twos for 
equipment assignment and they were instructed to work in pairs and 
as a group on the assignments. Each individual turned in a 
personal assignment sheet.

There was communication between the students of the different 
sections and questions were raised as to why the difference. 
Questions were answered as concisely as possible. The students 
asked no questions after the third week of implementation and did 
not register any dissatisfaction with the sections being taught 
differently. It was possible that students in the control group
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copied some of the materials given to students in the experimental 
group to use as study guides. The researcher could not control any 
of these interactions. When the course instructor was asked if 
the materials used in the experimental group were available for the 
control group, the reply was that they would be if requested. One 
student asked for a worksheet one time. It was corrected and 
handed back the next day. No other requests were made.

The experimental section received a cooperative learning 
treatment based primarily on the works of Robert Slavin, David 
Johnson, Roger Johnson, and Edythe Johnson Holubec. Robert Slavin 
developed structured team approaches using cooperative learning in 
specific classes. Slavin is the Director of the Elementary School 
Program at the Center for Research on Elementary and Middle Schools 
associated with The Johns Hopkins University. He has published 
more than 120 articles and book chapters and has co-authored ten 
books. Not all of these address cooperative learning. Slavin 
developed the Student Team Learning methods which place a strong 
emphasis on team spirit and team rewards. Two of these methods are 
subject matter specific with Team Assisted Instruction developed 
for mathematics and Cooperative Integrated Reading and 
Comprehension for reading. The other two methods are more general 
and can be adapted to different subject matter. Student Teams 
Achievement Divisions uses team preparation for quizzes which are 
taken individually. The score of each team member is combined into 
the team score which is then compared to the scores of other teams.

Student Teams Achievement Divisions (STAD) was the model
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selected for application to this study. Slavin designed STAD with 
a component that allows the instructor to present the lesson 
content in a lecture or other single source format such as a movie 
to focus the teams on the objective for the day and give them 
specific concepts to be processed in their groups. This feature of 
the instructor controlling the presentation makes STAD adaptable to 
college courses that tend to have large quantities of information 
that must be communicated. Course content at the college level is 
often bound to accreditation and transferability standards. The 
instructor is responsible to the student to ensure that the 
exposure to material is within those standards. It is not the 
purpose of this paper to address the legitimacy of those standards 
or to enter the content versus process debate but simply to point 
out that at this time there are content expectations.

Cooperative learning methodologies are essentially designed 
for classes that meet on a daily basis as is typical in a K-12 
setting. Many of the studies were done in self contained 
classrooms that allow longer blocks of time. Applying the STAD 
methodology to a college setting required some minor modifications 
as the section meets for three fifty minute class periods per week 
in a lecture room arrangement and one two period class per week in 
a biology laboratory. STAD structure allowed the instructor to 
schedule the presentation and group components so that they could 
be successfully completed in the time limitations imposed by such 
a schedule. Slavin (1990b, p.3) maintains that "Successful models 
always include plain old good instruction; the cooperative
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activities supplement but do not replace direct instruction (what 
they do replace is individual seatwork)". Slavin (1986, p.ll) 
reviewed eighteen studies of STAD and found that fourteen produced 
significantly higher achievement than traditional instruction. The 
other four studies found no differences in achievement. The 
researcher chose STAD in an effort to bring an increase of academic 
success to those taking introductory college biology.

The literature review portion of this study revealed that 
heterogeneous grouping has had a stronger effect than non- 
heterogeneous grouping. The type of heterogeneity depended upon 
the purpose of the grouping. This study measured differences in 
achievement between those participating in cooperative learning 
practices in an introductory biology class with those participating 
in a lecture-discussion format. The experimental group was 
assigned to heterogeneous groups on the basis of the pre-test 
scores of the High-School Subject Test: Biology, Form B, hereafter 
called the HSST-B. The researcher considered using high-school 
grade point average, college grade point average, or SAT scores but 
concluded that none of these measures focussed directly on 
knowledge of biological science. The HSST-B, as previously 
described, has both validity and reliability in measuring 
achievement in biological science. The groups were mixed by sexes 
as allowed by the enrolling population, but the primary assigning 
was based on the pretest scores from the HSST-B. The preferred 
group was a group of four with low and high scoring females paired 
with low and high scoring males.
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The intended size of each cooperative group was four students 

as directed by Slavin (1986, p.6). When the number enrolled was 
not divisible by four, groups of three were used. Grouping by four 
was chosen because it was small enough to give opportunity for 
individuals to interact but large enough that interaction was not 
forced. Groups of four can also be subdivided into pairs which are 
much more suitable for laboratory experience and other special 
situations.

Slavin (1990, p.3) stated that Student Team Learning methods 
emphasize team goals meaning that every student in the group learns 
the objective and that the team benefits when each member learns. 
He listed three concepts that are central to team learning: (1) 
Team Rewards, (2) Individual Accountability, and (3) Equal 
Opportunities for Success. Team Rewards is the concept that 
criterion referenced goals must be established so that teams can 
receive a reward for attaining. Individual Accountability is the 
concept that a team' s success depends upon each team member 
learning the specified objectives. Equal Opportunities for Success 
is the concept that students can help their team with an 
improvement grade. An improvement grade is attained by 
establishing a student's base achievement grade at the beginning of 
the group function in a manner determined to be appropriate by the 
instructor. This may be taken from a test, a mean of a series of 
quizzes, or even upon grades from previous years. Any achievement 
in later designated quizzes or activities that is above that base 
grade is credited to the team as an improvement grade. Formulas
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and instructions for calculating such an improvement score are part 
of the instruction in the inservice training of the instructor and 
are based on Slavin (1986, p.80). A score more than ten points 
below base score gave no improvement points. A score ten points to 
one point below base gave ten improvement points; base to ten 
points above gave twenty; more than ten points above base score 
gave thirty improvement points as did any perfect paper.

It was also helpful to examine the five basic concepts 
contributed by the Johnsons which were Positive Interdependence, 
Face to Face Promotive Interaction, Individual Accountability and 
Personal Responsibility, Interpersonal and Small Group Skills, and 
Group Processing. "Positive interdependence exists when students 
perceive that they are linked with groupmates in a way so that they 
cannot succeed unless their groupmates do (and vice versa) and/or 
that they must coordinate their efforts with the efforts of their 
groupmates to complete a task" (Johnson, Johnson, & Holubec, 1990, 
p.ll). Individual Accountability and Personal Responsibility 
"exists when the performance of each individual student is assessed 
and the results given back to the group and the individual" 
(Johnson, Johnson, & Holubec, 1990, p.13). Both of these concepts 
are related to Slavin's Individual Accountability but offer further 
clarification of the concept. The Johnson, Johnson, and Holubec 
(1990, p.14) offered some recommendations on how an instructor was 
to know if these were occurring in the cooperative learning 
sessions. The instructor needs to (1) Assess how much effort each 
member is contributing to the group's work; (2) Provide feedback
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to groups and individual students; (3) Help groups avoid redundant 
efforts by members; and (4) Ensure that every member is 
responsible for the final outcome.

A third concept of the Johnsons is Face to Face Promotive 
Interaction which "requires face-to-face interaction among students 
within which they promote each other's learning and success” 
(Johnson, Johnson, & Holubec, 1990, p.12). It is in the context of 
discussing this concept that the recommendation for smaller groups 
was brought out. The interactions are important times of student 
interchange and the bringing out of previous learnings. The 
smaller sized group provided more opportunity for such 
interactions.

The last two Johnson concepts indicated the social 
psychologist nature of the Johnson model of cooperative learning. 
Interpersonal and Small Group Skills were described as "students 
must (1) get to know and trust each other, (2) communicate 
accurately and unambiguously, (3) accept and support each other, 
and (4) resolve conflicts constructively" (Johnson, Johnson, & 
Holubec, 1990, p.15). Group Processing is "reflection on a group 
session to (a) describe what member actions were helpful and 
unhelpful and (b) make decisions about what actions to continue or 
change" (Johnson, Johnson, & Holubec, 1990, p.15).

The application of the cooperative learning treatment to the 
experimental group followed the conceptual guidelines just 
described. The three Slavin concepts provided direction for the 
implementation of STAD and the five Johnson concepts gave further
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clarification on how to successfully implement the cooperative 
groups.

Team Rewards came from the improvement scores. Each 
assignment had its score compared to the individual's base score. 
If the assignment score qualified according to established 
criteria, then an improvement score was awarded to the group. An 
adaptation made by this researcher was that if students selected 
not to work with the group, then they received their own 
improvement scores instead of the group improvement score. This 
adaptation was made so that a group was not penalized because of 
lack of participation or absenteeism by a group member. This 
procedure allowed a team member to receive a reward by making up 
assignments missed for whatever reason. Improvement points were 
awarded whenever an individual scored better on any individual work 
than their base score using the formula described above.

Improvement points also served as the basis for team rewards. 
Each member's improvement points were added together and a mean was 
derived for the team. The criterion for award recommended by 
Slavin is fifteen points for a Good Team, twenty points for a Great 
Team, and twenty-five for a Super Team. The awards varied from 
simply writing the team names on the board to a small prize 
according to the creativity of the instructor. Improvement points 
were a new idea for the students so they were explained in detail 
early in the study.

Slavin's concept of Individual Accountability is related to 
the Team Rewards concept as well as the Johnson concepts of
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Personal responsibility, Positive Interdependence, and Promotive 
Interaction. All of these techniques endeavor to instill in the 
student a strong connection to the cooperative group. The 
improvement score allowed even the weaker student to contribute to 
the other members' success and acted as an individual motivator for 
improvement. The instructor fostered this attitude by monitoring 
the groups on a continuous basis to ensure that quality and 
fairness were occurring in the group interactions.

The Johnson concepts of Interpersonal and Small Group Skills, 
and Group Processing addressed the developing of the social 
interactions of the cooperative group. It was the tendency of some 
to simply sit and accept answers. The activities of the group 
needed to be structured in such ways so that all contributed in the 
interactions and all understood the objectives being discussed. 
The quizzes helped the group to monitor how each individual 
understood the objectives being taught. The instructor acted as 
monitor and facilitator in groups needing assistance. Slavin 
(1986), the Johnsons (1990), and Kagan (1988) all offered 
suggestions for group activities that helped develop the group 
skills needed.

The control group was conducted in the traditional lecture- 
discussion format and no direct discussion of the research was 
done. The experimental group was told only that we were "changing 
formats in an effort to help them help each other enjoy the class." 
The experimental group received some information about cooperative 
learning and how their groups were to function. The researcher
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used Johnson, Johnson, and Holubec's Circles of Learning: 
Cooperation in the Classroom. 3rd edition (1990) as a primary 
source for explaining the cooperative groups' purposes and 
functions.

The following information was put on overhead transparencies
and was the basis for presentation and discussion during the
lecture after the pretest. The students at Northwest College have
a school culture of being believers in the Holy Bible. The
researcher felt it would be appropriate to use scripture as part of
the rationale for them to participate in the project.

"Two are better than one, because they have a good reward for 
their toil. For if they fall, one will lift up his fellow; 
but woe to him who is alone when he falls and has not another 
to lift him up . . .  And though a man might prevail against 
one who is alone, two will withstand him. A threefold cord is 
not quickly broken.
Ecclesiastes 4: 9-12
Thou shalt love the Lord thy God with all thy heart, and with 
all thy soul, and with all thy strength, and with all thy 
mind; and thy neighbor as thvself.
Luke 10:27

COOPERATION is working together to accomplish shared 
goals. Within cooperative activities individuals seek 
outcomes that are beneficial to themselves and beneficial to 
all other group members (Johnson, Johnson, & Holubec, 1990, 
P-4) .
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COOPERATIVE LEARNING is the instructional use of small 

groups so that students work together to maximize their own 
and each other's learnings (Johnson, Johnson, & Holubec, 1990, 
p. 4) .

(Students should) feel like they are involved in 
relationships with peers who care about and assist each other; 
are able to influence the people they are involved with; and 
enjoy learning. It is through belonging, power, and fun that 
students are motivated to work up to their potential . . . 
(Johnson, Johnson, & Holubec, 1990, p.7).

POSITIVE INTERDEPENDENCE : When students perceive that 
they are linked with team mates in a way that they cannot 
succeed unless their team mates do (Johnson, Johnson, & 
Holubec, 1990, p.65).

1. The primary emphases are to be reward and role 
interdependence. The teacher may ask the group to be 
sure that all produce a product but then pick up only one 
product from the group to be used as grade for the whole 
group. The teacher will provide a reward for the group 
not individuals. The group will be asked to develop 
positive goals to improve each member. Improvement over 
past work will be given an improvement score. The 
teacher will use improvement scores to benefit the group, 
encouraging peer involvement in improving each other.
2. The groups will use face to face promotive 
interaction. Students will explain, help and assist, and 
give feedback to one another. Students can also use peer 
pressure to motivate fellow members. The intent is to 
produce caring and committed relationships.

INDIVIDUAL ACCOUNTABILITY
Each person will be responsible for doing the assignment 
to the criteria of the group; theirs may be the one 
graded.
A student can do this by having each member explain the 
answer or how to get the answer. Have each member 
explain the learning in terms of previous experiences. 
Check that everyone understands and agrees with the 
answers. Encourage everyone to participate, and listen 
accurately to what other group members are saying. Do not 
changing your mind unless you are logically persuaded 
(not intimidated). It is important to criticize ideas, 
not people.
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PROCESSING Spend some time as a group discussing what is
working and what is not, and what may be needed.
SKILLS TO BE DEVELOPED BY EACH TEAM MEMBER;(Johnson, Johnson, 
& Holubec, 1990, pp. 91-96)
1. FORMING SKILLS:
Moving quickly to the group.
Staying with the group.
Using quiet voices for minimal disruption of other groups. 
Encouraging everyone to participate.
Use names.
Look at whomever is speaking.
Eliminate "put downs”.
2. FUNCTIONING SKILLS:
Giving direction to the group by restating the purpose of the 
assignment, remembering time limits, and offering suggestions 
on how to efficiently accomplish the project.
Verbal and nonverbal acceptance through praise, eye contact, 
seeking other's ideas.
Asking for help or clarification.
Offering help or clarification.
Paraphrasing for better learning.
Energizing the group activities for motivation.
Honesty but not offensiveness in stating feelings.
3. FORMULATING:
Summarizer role. Summarizes out loud.
Corrector role. Seeks accuracy.
Elaboration seeker role.
Memory helper role. Creative ways of remembering.
Checker role. Demand vocalization so as to hear reasoning process verbalized.
Explanation checker role. Having others "teach" and planning 
how best to present the material.
4. FERMENTING:
Criticize ideas, not people.
Identifying where the disagreement is.
Integrating different ideas.
Asking for justification for an answer.
Extending someone's answer.
Probing someone's answer.
Generating further answers.
Persevere.
Positive feedback.
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The researcher arranged for a monitor to assist in helping the 

groups to function. This individual was a staff person who worked 
in the Registrar's Office. She was given some readings about 
cooperative learning and received some initial training from the 
researcher. This team met briefly after each group session for 
discussion of group operations.

The monitor was told not to interfere with the groups or to 
provide them with information except when that information could 
not be derived by the group. The monitor was to observe the groups 
and see if all individuals were contributing ideas, asking 
questions, expressing feelings, actively listening, and expressing 
support and acceptance toward ideas. The monitor also observed to 
see if group members were expressing warmth and liking to the other 
group members, were encouraging all members to participate, were 
summarizing, checking for understanding, and giving direction to 
their groups. Specific behaviors looked for included if they were 
putting their heads together to work, talking about the work, 
drilling each other, sharing answers and materials, and generally 
encouraging each other. Problem behaviors to look out for were 
leaving the group and doing their own work instead of being 
attentive to the others.

The researcher also needed to pay attention to such behaviors. 
As teacher, he structured the lessons to encourage such behaviors, 
reminded the students that they were "sinking or swimming 
together", and gave the groups opportunity to monitor their own 
actions.
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The basic Monday and Wednesday class schedule for the 

experimental group was two minutes of team reward recognition, 
twenty eight minutes of class presentation usually in the form of 
lecture, and twenty minutes for cooperative team study. Individual 
quizzes were held on Fridays. The quizzes did not overlap from 
week to week and were not taken on days when midterm tests were 
scheduled. The lab day included the lab unit assigned, time for 
the groups to review the information and team study.

The team study time centered around worksheets developed by 
the researcher. A worksheet was given to each member of the group. 
Normally, near the end of the group time, the instructor randomly 
selected one paper from the group for evaluation. Each member 
signed it indicating he or she participated in completing the 
worksheet and was happy with the product. These worksheets were 
handed in at the end of each team study session and were graded. 
Worksheets were always handed back at the beginning of the next 
lecture day, following the STAD structure of quick feedback. This 
grade became part of the team score as did any improvement points 
from the individual quizzes taken on the lab days. The team score 
provided fifteen per cent of the grade for those in the 
experimental group.

After the semester ended, the data were subjected to 
statistical analysis to compare the achievement of the control 
group to the experimental group. A t test was performed to compare 
the sample groups, then an analysis of pertinent statistics was 
computed.



CHAPTER FIVE
STATISTICAL REVIEW OF THE DATA

The following null hypothesis was tested.
H01 There will be no significant difference in biology

knowledge for college students when introductory biology 
is taught using the Student Teams Achievement Divisions 
form of cooperative learning compared to college students 
being taught using a traditional lecture method.

The design of this study was quasiexperimental. The 
researcher was not able to apply randomization to the students in 
the two groups. Two sections of introductory biology were made 
available for student registration. One section was offered at 
8:30 am and the other at 10:30 am. Selection as to which students 
were to be in which section was made by the individual student 
according to personal desire and preferred class time.

The Sample
The final enrollment in the sections was 43 for the 8:30 a.m. 

section and 33 for the 10:30 a.m. section. The section with 43 had 
27 women and 16 men. The second section had 16 women and 17 
men.The 27 women in the first section were a mix of 16 freshmen, 
six sophomores, four juniors, and one senior. The average age was

104
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20.4 years. The 16 men in the first section were composed of five 
freshmen and 11 sophomores. The average male age was 19.9 years. 
The second section consisted of 16 women of whom six were freshmen, 
five were sophomores, three were juniors, and two were seniors. 
The average age of the women was 22.6 years. The 17 men included 
ten freshmen, four sophomores, two juniors, and one senior. The 
average age of the men was 22.8 years.

The next step was to select which section would receive the 
application of the cooperative learning treatment. Three weeks 
after the closing of pre-registration, held two months before the 
beginning of the classes, the researcher enlisted the aid of a 
student for this process. A three by five card was cut in half and 
given to the student with the instructions to place a one on one of 
the pieces and a two on the other. The student did not know that 
the one represented the first offering of the class day which was 
the second period section. The two represented the third period 
section which was the second offering of the class day. These were 
then placed in a paper sack and shaken to mix them. The student 
was then instructed to flip a coin which landed with heads facing 
up. The student was told that the researcher was using the 
recommendation of a research methods text (Gay, 1987, p. 277) that 
heads represented the experimental group and tails the control 
group. The student was then instructed to reach into the sack and 
select one of the cards. The retrieved card had the one on it. 
Matching the one with the heads gave the random selection that the 
second period class would be the experimental group.
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Sample Statistics

The course being subjected to this study was SCIE 110, 
Biology. The course was a one semester introduction to biology. 
The normal class meeting structure was three fifty minute lectures 
per week and one two period laboratory experience.

The experimental group met from 8:30 until 9:20 a.m. for 
lecture on Monday, Wednesday, and Friday, with laboratory time from 
7:30 to 9:20 a.m. on Thursday. The control group met from 10:30 
until 11:20 a.m. for lectures and from 10:30 a.m. until 12:20 p.m. 
on Thursday for laboratory experience. The syllabi for the two 
sections are displayed in appendix A.

A first concern was whether the two samples were normal 
representations of the population. A Mean X = Mean Y, commonly 
called the student t test, was applied to the scores of the pre
test. The purpose of this test was to reject the null hypothesis 
that there was no significant difference between the population 
standard deviation of the control group and the population standard 
deviation of the experimental group (Shavelson, 1988, p. 335). It 
should also be noted that the test was applied to all participants, 
not to any selected or equivalent sample of the groups. Table 1 
gives the pretest scores for the two groups. Table 2 gives the 
results of the calculations that produced the t-score.
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Table 1
Pretest scores of the Experimental and Control Groups

EXPER CONTROL
CASE 1 45.00 28.33
CASE 2 35.00 36.67
CASE 3 28.33 31.67
CASE 4 40.00 30.00
CASE 5 20.00 23.33
CASE 6 40.00 50.00
CASE 7 25.00 30.00
CASE 8 40.00 31.67
CASE 9 35.00 40.00
CASE 10 33.33 38.33
CASE 11 48.33 25.00
CASE 12 48.33 26.67
CASE 13 28.33 23.33
CASE 14 31.67 31.67
CASE 15 43.33 25.00
CASE 16 33.33 36.67
CASE 17 50.00 35.00
CASE 18 26.67 25.00
CASE 19 41.67 26.67
CASE 20 33.33 33.33
CASE 21 20.00 31.67
CASE 22 26.67 41.67
CASE 23 36.67 18.33
CASE 24 40.00 30.00
CASE 25 18.33 28.33
CASE 26 38.33 16.67
CASE 27 23.33 38.33
CASE 28 18.33 26.67
CASE 29 31.67 30.00
CASE 30 23.33 38.33
CASE 31 36.67 33.33
CASE 32 23.33 35.00
CASE 33 25.00 20.00
CASE 34 30.00
CASE 35 21.67
CASE 36 23.33
CASE 37 46.67
CASE 38 25.00
CASE 39 13.33
CASE 40 38.33
CASE 41 18.33
CASE 42 25.00
CASE 43 28.33
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Table 2
Pretest t Test Statistics

HYPOTHESIS: MEAN X = MEAN Y
X = Experimental Pretest 
Y = Control Pretest

t = 0.395632
SAMPLE MEAN OF X = 31.5884
SAMPLE VARIANCE OF X = 89.5525
SAMPLE SIZE OF X = 43.0
SAMPLE MEAN OF Y = 30.8082
SAMPLE VARIANCE OF Y = 50.3691
SAMPLE SIZE OF Y = 33.0
MEAN X - MEAN Y = 0.78019
Z = 0.410686
P-VALUE = 0.681303
P-VALUE/2 = 0.340651
SD. ERROR = 1.89972
D. F. = 74
P-VALUE = 0.693515
P-VALUE/2 = 0.346757
SD. ERROR = 1.97201

The table of critical values of t (Shavelson, 1988, p. 672) 
shows the tcritical(05 74)=2.000 for a two tail test. The calculated value 
of t was equal to 0.395632. This indicated that there was no basis 
to reject the null hypothesis that the populations were not 
equivalent. A further corroboration of this was the t test score 
derived from a comparison of the post tests. The calculated t 
score was -0.363711 which was again well within the parameters of 
the tcritic!l,(0574)=2.000 for a two tail test. Table 3 lists the post test 
scores. Table 4 provides the results of the post test
calculations.
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Table 3
Post test scores of the Experimental and Control Groups

EXPER CONTROL
CASE 1 76.67 58.33
CASE 2 41.67 51.67
CASE 3 38.33 48.33
CASE 4 60.00 51.67
CASE 5 36.67 55.00
CASE 6 68.33 58.33CASE 7 51.67 66.67
CASE 8 38.33 35.00
CASE 9 60.00 60.00
CASE 10 71.67 46.67
CASE 11 70.00 55.00
CASE 12 68.33 55.00
CASE 13 53.33 61.67
CASE 14 51.67 38.33
CASE 15 68.33 51.67
CASE 16 50.00 60.00
CASE 17 63.33 40.00
CASE 18 53.33 65.00
CASE 19 76.67 50.00
CASE 20 63.33 60.00
CASE 21 46.67 46.67
CASE 22 36.67 45.00
CASE 23 43.33 50.00
CASE 24 50.00 51.67
CASE 25 36.67 70.00
CASE 26 61.67 51.67
CASE 27 63.33 68.33
CASE 28 36.67 45.00
CASE 29 33.33 60.00
CASE 30 53.33 51.67
CASE 31 48.33 51.67
CASE 32 48.33 35.00
CASE 33 41.67 48.33
CASE 34 50.00
CASE 35 38.33
CASE 36 38.33
CASE 37 41.67
CASE 38 35.00
CASE 39 58.33
CASE 40 53.33
CASE 41 36.67
CASE 42 56.67
CASE 43 61.67
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Table 4
Post Test t Test Statistics

HYPOTHESIS: MEAN X = MEAN Y
X = Experimental group
Y = Control group

t = -0.363711
SAMPLE MEAN OF X — 51.8991
SAMPLE VARIANCE OF X = 155.231
SAMPLE SIZE OF X = 43
SAMPLE MEAN OF Y = 52.8288
SAMPLE VARIANCE OF Y = 78.3826
SAMPLE SIZE OF Y = 33
MEAN X - MEAN Y = -0.929718Z = -0.380023P-VALUE = 0.703929
P-VALUE/2 = 0.351964SD. ERROR = 2.44648D. F. = 74
P-VALUE = 0.717111P-VALUE/2 = 0.358555SD. ERROR 2.5562

The nonequivalent samples were statistically suitable as 
equivalent representatives of the normal population. The 
researcher did a matched group design (Runyon & Haber, 1984, p. 
295) of the sectional data based on the pretest scores but chose 
not to use them as the basis for statistical analysis. Corollated 
samples design statistics for the equivalent sections are displayed 
in Appendix B. Shavelson (1988, p. 323) states that samples of 30 
or more allow the researcher to assume a normal distribution of 
scores. The researcher decided not to artificially equalize the 
sections because both contained over thirty students and because
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the t-scores were well within tolerated limits. Support for 
Shavelson's contention and the researcher's decision to use the 
full data set was that the corollary statistics were consistent 
with the nonequivalent statistics.

Table 5 displays the summary statistics of the Pretests. 
Table 6 displays the summary statistics of the Post-tests.

Table 5
Summary Statistics of the Experimental. and Control Group
Pretest.

SUMMARY STATISTICS
EXPER CONTROL

Mean = 31.5884 30.8082
Median = 31.67 30
Range = 36.67 33.33

Maximum = 50 50
Minimum = 13.33 16.67

No. of Valid Obs. = 43 33
Sam. Std. Dev. = 9.46322 7.09712
Sam. Variance = 89.5525 50.3691

Sam. Cof. of Var. = 0.299579 0.230365
Std. Err. of Mean = 1.44313 1.23545

Pop. Std. Dev = 9.35253 6.98876
Pop. Variance = 87.4698 48.8428

Pop. Cof. of Var. = 0.296075 0.226848
Cof. of Skewness = 0.0284138 0.0508034
Cof. of Kurtosis = 2.0927 3.27541
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Table 6
Summary Statistics of the Experimental and Control Group
Post Test.

SUMMARY STATISTICS
EXPER CONTROL

Mean = 51.8991 52.8288
Median = 51.67 51.67
Range = 43.34 35

Maximum = 76.67 70
Minimum = 33.33 35

No. of Valid Obs. = 43 33
Sam. Std. Dev. = 12.4592 8.8534
Sam. Variance = 155.231 78.3826

Sam. Cof. of Var. = 0.240066 0.167587
Std. Err. of Mean = 1.90001 1.54118

Pop. Std. Dev = 12.3135 8.71822
Pop. Variance = 151.621 76.0074

Pop. Cof. of Var. = 0.237258 0.165028
Cof. of Skewness = 0.042142 0.0189965
Cof. of Kurtosis = 1.97917 2.65736

The measurements of central tendency showed the means and 
medians to be very close. This indicated that the samples appeared 
to be normally distributed and there were no extremes needing 
consideration. The standard deviations showed slightly more 
variation, but were considered by this researcher to be within a 
normal distribution based upon t test results.

A comparison of the pretest and post test scores showing 
improvement in achievement is shown in Table 7.



113

Table 7
Comparison of Pretest and Post Test scores showing 
improvement of achievement.

Pretest Post Test Improvement
Experimental group:

Mean = 31.5884 51.8991 20.3107
Median = 31.67 51.67 20.0

Control group:
Mean = 30.8082 52.8288 21.9468

Median = 30 51.67 21.67

Comparison of the control group and experimental group pretest 
means showed the control group starting at 0.7802 lower. The post 
test mean showed the control group to be higher than the 
experimental group by 0.9217. The improvement scores showed the 
control group with an overall improvement of 1.6361.

These data appeared to not allow rejection of the null 
hypothesis proposed for this study. The traditional lecture 
discussion approach to introductory biology would seem to be equal 
if not slightly better in producing achievement.

Unhvpothesized Findings
It was commonly reported (Baird & Koballa, 1986; Bossert, 

1989; Danserau, 1983; Spurlin, et al, 1984; Webb, 1985) that 
cooperative learning produced greater learning in lower achieving 
students than in the higher achieving students. These writers 
theorize that higher achieving students had established cognitive 
skills that could be only slightly improved whereas the lower 
achieving student could profit from observing modeling by the
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higher achiever. The lower achieving student also benefitted from 
peer tutoring more often than the higher achieving student.

Table 8 shows the scores of the experimental and control 
groups divided and compared by achievement on the pretest. The 
three divisions were according to those scoring highest, in the 
middle, and lowest on the pretest.

Table 8
Post test score comparison of the highest, middle, and 
lowest scoring triads.

Pretest Post Test Improvement
Experimental group:

Upper triad Mean = 42.222 61.222 19.0
Middle triad Mean = 30.476 51.548 21.072
Lower triad Mean = 22.222 44.222 22.0

Control group:
Upper triad Mean = 39.0 51.667 12.667
Middle triad Mean = 30.833 53.194 22.361
Lower triad Mean = 23.333 53.485 30.152

This set of data indicates that lower achieving students had a 
greater gain than the middle and upper achieving students in both 
formats. The gain was larger in the traditional format than in the 
cooperative format.

A final set of data indicated that a modified form of STAD 
might be successful in an introductory college level biology course 
if different measurement devices were used. The criterion 
referenced devices developed by the instructor for the purpose of 
grade assignment did show that cooperative learning could produce 
higher achievement. These devices were based on the objectives and
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the class notes. It would appear that these measurements have face 
validity, but no reliability or validity data were available for 
them. Table 9 displays the summary statistics of the two sections 
based on the final grades. Table 10 presents the t test 
information based on the actual grades assigned. Table 11 compares 
the final grades of the sections. These grades were based on the 
assignments and tests of the course as described by the syllabi. 
The final set of numbers in Table 11 displays the per cent scores 
of the experimental group if cooperative work was not considered 
and the same categories as the control group were used.

The grade for the control group was based on the following 
formula as described in the course syllabus. The grade received 
was earned by completing all assignments given. These assignments 
were weighted as follows:

2 Midterm tests 0 21% each 42.0% of total
1 National Geographic article 2.0%
1 Research Assignment 12.0%
Laboratory Assignments 20.0%
Comprehensive Final 24.0%

These weighted scores were accumulated and the following formula 
was applied: 94% and above =A; 90-94% =A-; 87-90% =B+; 83-87% =B; 
80-83% =B-; 77-80% =C+; 72-77% =C; 69-72% =C-; 66-69% =D+; 62-66% 
=D; 60-62 = D-.

The grade for the experimental group was based on the 
following formula as described in the course syllabus. The 
weighted scores were accumulated and the same formula described 
above was applied. The grade received was earned by completing all 
assignments given.
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The assignments were weighted as follows:
2 Midterm tests § 17% each 
1 National Geographic article 
1 Research Assignment 
Laboratory Assignments 
Comprehensive Final 
Cooperative score

34.0% of total 
1.0%

1 2 .0%
18.0%
2 0 .0%
15.0%

The cooperative score included worksheets, weekly guiz scores, 
and improvement scores. Improvement scores were bonus points given 
when an individual scored higher on certain designated assignments
than a base score earned on a pre-test given at the beginning of 
the semester. Full explanation and a data sheet were given in
class.

Table 9
Comparison of the final crrades of the experimental and
control sections. (Scores are in per cent)

SUMMARY STATISTICS
X = C00P% Y = TRAD%

Mean = 79.854 72.8079
Median = 81.19 74.58
Range = 35.65 74.57

Maximum = 93.93 95.72
Minimum = 58.28 21.15

No. of Valid Obs. = 43 33
Sam. Std. Dev. = 9.98076 13.3994
Sam. Variance = 99.6156 179.543

Sam. Cof. of Var. = 0.124988 0.184037
Std. Err. of Mean = 1.52205 2.33253

Pop. Std. Dev = 9.86402 13.1948
Pop. Variance = 97.2989 174.103

Pop. Cof. of Var. = 0.123526 0.181228
Cof. of Skewness = 0.0790763 0.27644
Cof. of Kurtosis = 2.3202 7.93841
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Table 10
Section Grades t Test Statistics

HYPOTHESIS: MEAN X = MEAN Y
X = Experimental Course Grade with

Cooperative Scores 
Y = Control Course Grade

t = 2.62839
SAMPLE MEAN OF X 79.854
SAMPLE VARIANCE OF X = 99.6156
SAMPLE SIZE OF X = 43.0
SAMPLE MEAN OF Y = 72.8079
SAMPLE VARIANCE OF Y = 179.543
SAMPLE SIZE OF Y = 33.0
MEAN X - MEAN Y = 7.04607
Z = 2.52983
P-VALUE = 0.011412
P-VALUE/2 = 5.70598E-3
SD. ERROR = 2.7852
D. F. = 74
P-VALUE = 0.0104263
P-VALUE/2 = 5.21315E-3
SD. ERROR — 2.68076

Table 11
Comparison of class grades shoving improvement of 
achievement. (Scores in per cent)

Experimental group:
Cooperative score Mean = 79.855
Without Coop score Mean = 78.096

Control group:
Mean = 72.808

Differences:
with Coop score = 7.047
without Coop score = 5.288

These nonstandardized scores indicated that a positive effect 
may be demonstrable if measurement devices made specifically for
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the class were developed. Table 10 shows a t score of 2.62839 
which falls outside the previously identified range of tcri(jcal(05 74) = 
2.000. This would seem to indicate that there was something other 
than normal distribution affecting the data.

Slavin (1987), Chickering (1983), and Winget (1987) were cited 
earlier in this study as describing criterion referencing as the 
preferred method of evaluating. The test reviews of Gable and 
Archambault (1985, pp.656-657), and Phillips (1985, pp. 657-658) 
discuss the HSST claim that the tests are criterion referenced, but 
stated there were not enough data to substantiate such a claim.

The researcher decided that the discrepancy between the normed 
tests and the classroom evaluation tools might not be due to the 
instruments. A properly normed test should not give results that 
are severely discrepant from a balanced criterion referenced 
evaluation. Additionally, the HSST: Biology claimed to be 
criterion referenced. The content of an introductory college 
biology is often standardized because of transferability standards. 
These considerations caused the researcher to conclude that there 
might be another variable and that Occam's Razor of the simplest 
explanation as the most probable would be applied. Another 
variable found was in the grading formula required in the STAD 
technology called the cooperative learning score.

The cooperative learning score provided 15% of the final 
grade. One component of this score was the improvement score that 
was given as bonus points whenever a student received a score on 
certain assignments that was higher than a base score earned on a
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pretest at the beginning of the course. The control class had no 
structure that allowed an accumulation of bonus points. The 
researcher decided to compare grades on a direct correlation basis. 
This entailed the removal of the cooperative score component from 
the overall experimental grade and the application of the same 
formula for grade computation as used in the control class. Tables 
12 and 13 display the summary statistics and t test results.

Table 12
Summarv Statistics of the Experimental and Control Group
Class Grades without Cooperative Scores.

SUMMARY STATISTICS
NOCOOP% TRAD%

Mean = 78.0951 72.8079
Median = 79.13 74.58
Range = 34.46 74.57

Maximum = 92.35 95.72
Minimum = 57.89 21.15

No. of Valid Obs. = 43 33
Sam. Std. Dev. = 10.237 13.3994
Sam. Variance = 104.796 179.543

Sam. Cof. of Var. = 0.131084 0.184037
Std. Err. of Mean = 1.56113 2.33253

Pop. Std. Dev = 10.1173 13.1948
Pop. Variance = 102.359 174.103

Pop. Cof. of Var. = 0.12955 0.181228
Cof. of Skewness = 0.0600998 0.27644
Cof. of Kurtosis = 2.108 7.93841
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Table 13
Section Grades t Test Statistics

HYPOTHESIS: MEAN X = MEAN Y
X = Experimental Course Grade without

Cooperative Scores
Y = Control Course Grade

t = 1.95103
SAMPLE MEAN OF X — 78.0951
SAMPLE VARIANCE OF X = 104.796
SAMPLE SIZE OF X = 43.0
SAMPLE MEAN OF Y = 72.8079
SAMPLE VARIANCE OF Y = 179.543
SAMPLE SIZE OF Y = 33.0
MEAN X - MEAN Y = 5.28724Z = 1.88376
P-VALUE — 0.0596021
P-VALUE/2 = 0.029801
SD. ERROR = 2.80674
D. F. = 74
P-VALUE = 0.0548393
P-VALUE/2 = 0.0274197
SD. ERROR = 2.70997

The results shown in Tables 12 and 13 show a t test result of 
1.95103. This is within the tcritiad(0574) = 2.000 listed previously. 
The researcher concluded that the variation in grading practices of 
giving bonus improvement points as required by STAD was the 
simplest explanation of the differences in t scores between the 
standardized tests and the criterion referenced evaluation devices 
developed by the instructor.

Testing the Null Hypothesis
In conclusion, the use of standardized evaluation devices and 

the application of appropriate statistical protocols did not allow
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for the rejection of the null hypothesis that there would be no 
significant difference in biology knowledge for college students 
when introductory biology was taught using the Student Teams 
Achievement Divisions form of cooperative learning compared to 
college students being taught using a traditional lecture method.

The use of teacher developed criterion referenced tools that 
were aligned with the grading structure required by STAD for the 
experimental class did show a significant gain in achievement. The 
primary difference was a category of cooperative scores that 
included bonus points for improvement. When grades were assigned 
using the same categories and weightings in both classes, the 
analysis indicated no significant difference.



CHAPTER SIX
SUMMARY AND RECOMMENDATIONS

This study examined the effects of a modified Student Teams 
Achievement Divisions form of cooperative learning on academic 
achievement in introductory college biology. Data were collected 
in two introductory level college biology sections involving 76 
students during the 1991 winter semester.

The researcher acted as the instructor in both sections. Each 
course followed the same content outline. One section served as 
the control group receiving the content in the traditional lecture 
and discussion format. The experimental group received the content 
in a cooperative learning format called "Student Teams Achievement 
Divisions" that consisted of a condensed lecture and participation 
in cooperative learning groups to process the content.

The researcher studied a variety of cooperative learning 
models in curriculum courses and attended a four day training 
workshop sponsored by the Association for Supervision and 
Curriculum Development. Robert Slavin from Johns Hopkins 
University and David Johnson from the University of Minnesota 
compared and contrasted their particular models of cooperative

122
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learning at that seminar. Basic training for implementing some of 
their models was also conducted.

The measure of the effect was accomplished by Form A and Form 
B of the High School Subject Test: Biology published by American 
Testronics. A random selection procedure selected Form B for the 
pretest and form A for the post test. The duration of the study 
was from February through March 1991.

The research was guasiexperimental because the researcher 
could not control who registered for the sections. One section was 
randomly selected to be the experimental group. A t test was used 
to determine that the samples were representative. Cooperative 
groups were formed heterogeneously by scores on the pretest. 
Effort was also made to mix the groups by sex.

Statement of Hypothesis
H01 There will be no significant difference in biology

knowledge for college students when introductory biology 
is taught using the Student Teams Achievement Divisions 
form of cooperative learning compared to college students 
being taught using a traditional lecture method.

Conclusion from the data does not allow for the rejection of
the null hypothesis.
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Discussion and Recommendations

The researcher entered this project with the expectation that 
the null hypothesis would be rejected. The literature search done 
prior to the classroom experiment indicated high numbers of 
successful studies at the elementary level. Studies of secondary 
schools were not as common, but success was shown to occur. 
Studies at the collegiate level were very limited. The proposal to 
use cooperative learning in a college setting seemed a good choice 
for two reasons. One was to broaden the knowledge base. The 
second was to see if a technology that had received strong and 
positive reviews could benefit the college student.

In chapter two it was noted that cooperative learning was 
generally successful, but there was less success in science. 
Examples were given, such as the study in biology with sixth 
graders by Lazarowitz examined by Slavin (1990, p. 22-26) that 
showed no difference in effect. Slavin also described a study by 
Sherman and Zimmerman of seventh graders in biology that showed a 
negative effect of .15. Okebukola (1986) had success with STAD in 
science, but a lack of success with biology in particular. Diana 
Rice (1990) examined a cooperative learning format used in a 
science laboratory course for preservice elementary education 
teachers. Rice found no significant differences between the 
cooperative or standard approach. Studies of fourth, fifth, and 
sixth graders (Pearson 1989) concluded that there was no 
significant difference when cooperative learning was used for 
science teaching. Seymour and Padberg (1975, p. 302) also
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conducted a project and asserted that cooperative learning was no 
better than lecture for increasing achievement. These studies 
varied in length from a few weeks to a year.

The researcher discovered that cooperative learning 
incorporates many facets of educational theory. These discoveries 
are part of the contribution of this study to the knowledge base 
needed for better implementation and study of cooperative learning. 
The following discussion and recommendations are based on some of 
those discoveries. It is the intent of the researcher that these 
discoveries become a source for other studies so that a thorough 
understanding of the implications of cooperative learning may be 
gained.

Difficulty of Material as a Factor
The cause for the inability to refect the hypothesis may be 

the difficulty of the material (Pearson, 1989). College level 
science is characteristically very rigorous in content and is 
delivered at a rapid rate. The researcher spent a fair amount of 
time refining the lecture notes to insure efficiency and logic of 
sequence and yet not overwhelm the student. Science has its own 
vocabulary and the student has to become familiar with the 
terminology. The researcher had to be careful to put terms into a 
relevant context for ease of assimilation. Further research needs 
to be done that compares achievement between a conceptualized 
approach to science with the more traditional content approach.

An associated discovery that was expected but reinforced was 
fifty minute class period. The pressure of time may be a factor
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that mitigates against the use of groups, although certain programs 
like medicine and law commonly use groups for efficient study. 
Harvard was in the midst of a series of studies that used group 
activities and in their first report the assessment appears to show 
positive effects (Light, 1990). The Harvard study indicated that 
certain classes, like literature, had success possibly because of 
the interpretative nature of the work being done.

Science survey classes tend to include a great deal of content 
at lower cognitive levels. Literature and political science 
courses tend to more readily accommodate interactive and 
interpretative approaches. Comparisons of the success of 
cooperative learning in the more interactive classes to the more 
teacher directed classes would be valuable. A study that used 
cooperative learning in a problem solving approach to biology as 
compared to the traditional lecture approach might provide insight 
in the content versus process debate found in science education.

Assessment Devices as a Factor
The reader has been exposed to the situation in the previous 

chapter where it appeared that the standardized tools gave a 
different result than the criterion referenced tools used for 
grading. The researcher analyzed the information before settling 
on the explanation that the discrepancy was due to the grading 
system and not the tools.

Newmann and Thompson (1987, p. 6) pointed out that one reason 
for the lack of success in some studies of cooperative learning 
could be the nature of the achievement measures. Individual
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courses should test to the specific objectives of the class. The 
individual class teacher will teach to the test. Standardized 
testing draws on broad data bases and tests according to those 
bases. It is possible to study these tests and teach to them, but 
to do that would affect the validity of the test.

The researcher did not attempt to teach to the standardized 
tests used in order to avoid validity and reliability bias. The 
researcher did design the classroom assignments and tests that were 
used, based upon the actual content presented in the classes. It 
could be argued that classroom assignments and tests more precisely 
measure the learnings achieved in the classes because they are 
aligned more completely than a standardized test.

Further experimentation needs to be conducted using aligned 
objectives and evaluations as compared to standardized tools. 
Evaluation also needs to be developed that can test the higher 
levels of learning so that the overall effect of cooperative 
learning can be studied.

Time as a Factor
Further research should be done that considers time factors 

such as the fifty minute period with the cognitive expectations of 
a class. The researcher expected the fifty minute class period 
available to create a hardship with the implementation of 
cooperative learning. The thirty minute lecture, twenty minute 
processing blocks restricted the work of the groups. The twenty 
minute block may have forced the groups to focus too intently on 
getting the worksheets done and not interacting at higher cognitive
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levels.

Friedler and Tamir (1986) observed 160 laboratory lessons and 
found that 80% of the lessons did not allow for sufficient 
discussion activities. The lack of group interaction was concluded 
to be responsible for the lack of clarity in concepts formed. 
Group interaction was important to the understanding of concepts 
because it allowed the different perceptions to be challenged, 
evaluated, and internalized.

Sharan (1990a) discussed time as an existing factor that 
affects the success of cooperative learning. He maintained that 
implementation was harder in high schools because they were so much 
more regimented, especially with the instructional time restricted 
to fixed periods. Sharan asserted a belief that cooperative 
learning can only be implemented to the extent that the traditional 
is supplanted not just altered, but observed that no empirical 
research had been reported along that line. Smith (1986, p. 18) 
also maintained that ample time must be provided for the groups so 
that systematic completion of tasks can be accomplished.

A companion study to this one needs to be conducted that 
varies time allotments. It would be important to find out if 
increasing the cooperative group time by even ten minutes would 
make a difference in achievement. A study that used a twenty 
minute lecture and thirty minute group activity employing higher 
cognitive requirements to complete the assignment might clarify 
some questions about what levels are best targeted by cooperative 
learning.
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A second item learned by the researcher is that implementing 

cooperative learning is very labor intensive. The task analysis of 
the concepts to be presented require fine tuning because of the 
reduced presentation time. The assignments need to be designed 
around these concepts, and questioning that addresses the different 
taxonomic levels must be developed. Daily assignments must be 
corrected and returned with feedback the next day. All of these 
are known to be effective educational practices and are 
recommended. Cooperative learning demands they be done and expects 
the teacher to make the time commitment. Therein lies a major 
variable.

Learning Styles and Learning Preferences as Factors
It is possible that there is a positive correlation between 

the student's cognitive stage and science learnings. The learning 
styles of students as discussed by Kolb (1976) and other learning 
styles theorists would also seem to effect the achievement of 
students. Newmann and Thompson (1987, p. 8) suggested that 
achievement in cooperative learning studies may not be as good for 
some because of students having a learning style preference other 
than what social models like cooperative learning provide. Widaman 
and Kagan (1987, p. 357) studied second through sixth graders 
learning of spelling through a cooperative learning format. Their 
study included an analysis of learning styles and they concluded 
that cooperative students learn better in a cooperative format 
while competitive oriented students learn better with a more 
traditional approach. Andrews (1981, p. 161) concurred with that
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finding by concluding that students who are more interpersonally 
oriented benefitted more in the cooperative learning format. 
Learning style may also be related to whatever intrinsically 
motivates the student, and students are often motivated in 
different ways. Some may find more satisfaction in winning a 
competition than in sharing the win by cooperating. Baird and 
Koballa (1986, p. 2) discussed the possibility of a differential 
effect that could be caused by different aptitudes. Davidson 
(1985, p. 211) asserted that the functioning of a group may be 
affected by students who learn at different rates.

Another consideration may be that the schools have trained the 
students to learn in a competitive modality. Students are 
typically trained in a highly competitive format beginning in 
junior high school. Lecture and answering by rote memory is the 
learning style forced upon most students and they are conditioned 
to operate in such an environment to obtain good grades. Suddenly 
shifting to a noncompetitive, group oriented approach may cause 
discomfort and resistance. The researcher found personal concern 
for grades to be a common question from the participants in the 
study. This question was typically from the higher achieving 
students who chaffed at the inefficiency of working with a group.

Further cooperative learning research needs to be done that 
considers learning styles, habits, and preferences of the students. 
Such a study could provide valuable insight.
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Strength of Implementation as a Factor

The researcher learned from this study that strength of 
implementation is important. The training and resources available 
allowed the researcher to implement a "by the book" form of STAD. 
The actual conduction of STAD in a classroom added to that training 
and should allow a stronger implementation. More studies are 
needed that compare achievement of students when taught by 
instructors experienced with the form of cooperative learning to be 
implemented with students taught by inexperienced instructors. 
Some of these studies should use a peer observer whose function 
would be to observe and tutor the instructor toward implementation 
with greater fidelity.

Joyce and Showers (1988) stated that a strong implementation 
of a methodology produces a larger sigma effect. Their studies 
show an average implementation produced an effect of 0.48 while 
some of the more thorough implementations produced an effect of 
1.25. The small number of studies of cooperative learning at the 
college level available when the researcher began this study 
provided a small pool of recommendations that were incorporated in 
the implementation of this project.

Johnson and Johnson now offer training specifically for 
college application that was not available to this researcher. The 
training is oriented to the unique situations of college teaching. 
New research is adding to the information to help strengthen 
implementation. The researcher realizes that learning is lifelong 
and that knowledge builds upon previous knowledge. It can always
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be assumed that followup studies will profit from the refinements 
made during an earlier study. The point being made here is that a 
study like this one might have been stronger if the teacher had 
experience with the techniques of implementation before the actual 
study was done.

Conclusions
The STAD form of cooperative learning uses structures to 

assist a teacher in the implementation of its methodology. 
Structures prepared by Slavin include the brief lecture 
presentation then group processing format, the heterogeneous 
composition of the groups, the worksheet format, the reward system, 
and a specialized grading form. These structures are helpful and 
can serve as a basis for introducing cooperative learning in 
college biology classrooms. The researcher considered the 
publications and inservice seminars available to be adequate for an 
appropriate first implementation and recommends that others can use 
the publications and seminars to implement cooperative learning 
with confidence.

Commitment is required for the extra work that is involved. 
The worksheets, quick correction and feedback, and the monitoring 
of the groups are all labor intensive. There was intrinsic reward 
in this for the researcher because it made the class more personal. 
The feedback made daily led to more interaction on a personal 
basis. College classrooms are often accused of being
depersonalized. Cooperative learning fends off this tendency.

This study showed that STAD produced no significant difference
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in achievement of introductory college biology as measured by a 
nationally standardized test of biology knowledge. Stated 
differently, STAD was shown to be just as effective as the 
traditional lecture format. The researcher concluded that other 
advantages such as student interaction and problem solving, and the 
increase of teacher - student interactions make cooperative 
learning more desirable.

The researcher observed improvement of student achievement as 
shown by the final course grade. The grades were determined by the 
nonstandardized criterion referenced tests developed specifically 
for the course. The grading for the experimental group included 
cooperative scores that aligned with the STAD grading structure. 
The control group did not have the cooperative score component. It 
was assumed that the cause of this discrepancy may have been that 
criterion referenced evaluations specifically designed for the 
class more accurately measured what was actually taught. The 
researcher recalculated the grades using the same formula for both 
classes. This formula did not include the cooperative component 
which offers bonus points for improvement. Statistical analysis of 
the recalculated scores showed no significant difference, placing 
the criterion referenced results in alignment with the standardized 
results.

This study is one small piece in a large database about 
cooperative learning. At the very least it shows that cooperative 
learning is as effective as the traditional lecture discussion 
format. It may contribute more broadly as a guide for others
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interested in implementing cooperative learning in an upper level 
classroom. The factors discussed can be used to develop further 
studies and as a basis for preparation for anyone considering 
implementing cooperative learning. Cooperative learning has both 
advantages and disadvantages. The researcher concluded that 
instructors should study cooperative learning, research reports 
like this one, and implement cooperative learning as appropriate 
for the benefit of students.
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SYLLABUS

(for experimental group)
Science 110, 8:30 am, Williams 1 
Biology - Spring 1991
Instructor: Bill Randolph, Bronson 12

The instructor reserves the right to modify this syllabus.
I. OBJECTIVES: At the conclusion of this class the student 

will:
A. Have the ability to describe design and order in 

nature.
B. Be able to give examples of the integration of form and 

function in nature.
C. Be able to describe the general structure and function 

of the cell.
D. Be able to explain general atomic structure and 

chemical reactions.
E. Be able to demonstrate ability with the light micro

scope.
F. Be able to describe reproductive patterns.

II. TEXTBOOK INFORMATION
A. Inquiry into Life, fifth edition; Sylvia S. Mader;

1988, Wm. C. Brown
B. NC Biology Lab Manual

III. SPECIAL EMPHASIS
It is the position of this instructor that the scientific 
method implies both a procedure and a limitation to science. 
Natural science uses the natural senses to observe and the 
scientific method tells us how to use these observations to 
make and use theories. Since the data of science may be 
modified as better sensing devices are developed, and the 
interpretations of this data are continually updated in 
light of the new information. The learner must understand 
these parameters so that the learner may evaluate what is 
most acceptable in the light of the data.

IV. INTEGRATION
This class will be approached from the viewpoint that the 
examination of nature will give insight concerning its form 
and function. The interrelationships of nature also give 
insight into purpose for existence and importance of 
organisms in their niche.
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V. COURSE REQUIREMENTS

A. There will be two midterm section tests and one 
comprehensive final.

B. There is a National Geographic, September 1976, on 
reserve in the Library. You are to read pages 355 
through 407 and turn in a collateral card with the 
proper information by February 1st.

C. There will be one research project chosen from the
following: [due date is March 1st]
1. 1200 to 2000 word research paper (Health topics 

not acceptable). Subject can be any normally 
functioning biological subject. Topic selected 
should be narrow enough that it can be adequately 
discussed in the assigned length. Footnotes are 
required. Grading considers the quality and 
thoroughness of the research, the content, form, 
spelling and clarity of writing.The Bibliography 
should include at least six references, not 
including encyclopedias, dictionaries, texts, or 
the Bible. Paper must be in legible ink {prefera
bly typed} on one side of the paper.

2. Reading at least 350 pages of collateral from one 
or more sources. Each source must have its own 
separate report with a total of 2 to 3 pages due 
for the total assignment. Each summary must 
include Title. Author. Publisher. Copyright date. 
AND the total number of pages actually read.

C. CLASS ATTENDANCE
All testing comes from the class lectures so it is 
important that the student be in attendance if at all 
possible to insure that he/she has opportunity to hear 
and understand.
Daily roll will be taken. For each day missed after 2 
absences, 1% will be deducted from the overall per
centage earned . There are no excused absences. [A 
part or all of the penalty may be waived if the 
instructor is convinced of extreme necessity.]

Attendance and participation in lab is mandatory 
and any absences from lab must be rescheduled. The 
missing of lab will have a direct effect on the lab 
grade of up to 50%.
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VI. GRADING

The grade received is earned by completing all assignments 
given. These assignments are weighted as follows:

2 Midterm tests @ 17% each 34.0% of total
1 National Geographic article 1.0%
1 Research Assignment 12.0%
Laboratory Assignments 18.0%
Comprehensive Final 20.0%
Cooperative score 15.0%

includes worksheets, weekly quiz scores, and 
improvement scores. Improvement scores are given when an 
individual scores higher on certain designated assignments than a 
base score earned on a pre-test given at the beginning of the 
semester. Full explanation and a data sheet will be given in 
class.
These weighted scores are accumulated and the following formula 
is applied: 94% and above =A; 90-94% =A-; 87-90% =B+; 83-87% =B; 
80-83% =B-; 77-80% =C+; 72-77% =C; 69-72% =C-; 66-69% =D+; 62-66% 
=D; 60-62 = D-. Extra credit is allowed only if a person is 
failing and will not add more than 5% to the grade. Late work 
will lose 10% initially, 5% per week thereafter.

The missing of a scheduled test creates problems for the 
student, the class, and the instructor. While the instruc
tor wants to be sensitive to the pressures and problems we 
all face, and is willing to work with each individual, he 
also wants to be fair. Tests will only be given at an 
alternate time if prearrangement with good reason is made, 
or in the case of illness or emergency. Please notify the 
instructor as quickly as possible.

VII. LAB PROCEDURE
All lab work is to be done with #2 pencil. Neatness and 
clarity are part of the grade considerations. Assigned 
drawings must be in pencil, properly labeled with straight 
lines (preferably on the right side of the drawing) and 
large enough to clearly show the assigned details.



154
CLASS SCHEDULE, SPRING SEMESTER 1991

JAN 11 Introduction
14 Pretest
16 Expectations
17 Unit 1, microscope 18 Reproduction ch. 21
18 Science and Method 20 Inheritance ch. 21

21 Unit 11, earthworm21 M.L. King day 22 Inheritance
23 Cell ch. 2 & 3
24 Unit 3, cell struc. 25 Unit 9, genetics
25 Cell 27 Inheritance

28 Midterm II
28 Cell division ch. 4a 29 Good Friday, no class30 Chemistry ch.l
31 Unit 4, mitosis Apr. 1 Easter Holiday, NO CLASSFEB 1 Chemistry Nat. Geocrr. 3 Genetics of change

collat. due 4 Unit 12, crayfish
5 Molecular inherit, ch. 22

4 Chemistry
6 Metabolism ch. 5 8 DNA
7 Unit 5, protozoans 10 DNA
8 Metabolism 11 Unit 10, hydra

Animal plan ch. 8
12 Ecology ch. 32-33

11 ♦♦research due13 Animal plan ch. 9-19
14 Midterm # 1 15 Ecology ch. 30-3115 Plant Plan, Ch. 7 17 Ecology

18 check in and review
18 PRESIDENT'S DAY 19 Post-test20 Plant plan
21 Unit 6, algaes 22 Evolution ch. 2322 Taxonomy ch 25,26,27 24 Evolution theories

25 LAB FINAL
25 Taxonomy ch 25,26,27 26 The Grande Finale27 Behavior ch. 29
28 Unit 7, macro, plant FINAL -Mar 1 Behavior ch. 29

♦♦research due if 
revision opportunity wanted

SPRING BREAK MAR. 4 - 8
11 Photosynthesis ch. 6
13 Photosynthesis ch. 6
14 Unit 8, micro, plant
15 Reproduction, ch. 21
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SYLLABUS

(for control group)
Science 110, 10:30 am, Williams 1 
Biology - Spring 1991
Instructor: Bill Randolph, Bronson 12

The instructor reserves the right to modify this syllabus.
I. OBJECTIVES: At the conclusion of this class the student 

will:
A. Have the ability to describe design and order in 

nature.
B. Be able to give examples of the integration of form and 

function in nature.
C. Be able to describe the general structure and function 

of the cell.
D. Be able to explain general atomic structure and 

chemical reactions.
E. Be able to demonstrate ability with the light micro

scope.
F. Be able to describe reproductive patterns.

II. TEXTBOOK INFORMATION
A. Inquiry into Life, fifth edition; Sylvia S. Mader;

1988, Wm. C. Brown
B. NC Biology Lab Manual

III. SPECIAL EMPHASIS
It is the position of this instructor that the scientific 
method implies both a procedure and a limitation to science. 
Natural science uses the natural senses to observe and the 
scientific method tells us how to use these observations to 
make and use theories. Since the data of science may be 
modified as better sensing devices are developed, and the 
interpretations of this data are continually updated in 
light of the new information. The learner must understand 
these parameters so that the learner may evaluate what is 
most acceptable in the light of the data.

IV. INTEGRATION
This class will be approached from the viewpoint that the 
examination of nature will give insight concerning its form 
and function. The interrelationships of nature also give 
insight into purpose for existence and importance of 
organisms in their niche.
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V. COURSE REQUIREMENTS

A. There will be two midterm section tests and one 
comprehensive final.

B. There is a National Geographic, September 1976, on 
reserve in the Library. You are to read pages 355 
through 407 and turn in a collateral card with the 
proper information by February 1st.

C. There will be one research project chosen from the
following: [due date is March 1st]
1. 1200 to 2000 word research paper (Health topics 

not acceptable). Subject can be any normally 
functioning biological subject. Topic selected 
should be narrow enough that it can be adequately 
discussed in the assigned length. Footnotes are 
required. Grading considers the quality and 
thoroughness of the research, the content, form, 
spelling and clarity of writing.The Bibliography 
should include at least six references, not 
including encyclopedias, dictionaries, texts, or 
the Bible. Paper must be in legible ink {prefera
bly typed} on one side of the paper.

2. Reading at least 350 pages of collateral from one 
or more sources. Each source must have its own 
separate report with a total of 2 to 3 pages due 
for the total assignment. Each summary must 
include Title. Author. Publisher. Copyright date. 
AND the total number of pages actually read.

C. CLASS ATTENDANCE
All testing comes from the class lectures so it is 
important that the student be in attendance if at all 
possible to insure that he/she has opportunity to hear 
and understand.
Daily roll will be taken. For each day missed after 2 
absences, 1% will be deducted from the overall per
centage earned . There are no excused absences. [A 
part or all of the penalty may be waived if the 
instructor is convinced of extreme necessity.]

Attendance and participation in lab is mandatory 
and any absences from lab must be rescheduled. The 
missing of lab will have a direct effect on the lab 
grade of up to 50%.
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VI. GRADING
The grade received is earned by completing all assignments 

given. These assignments are weighted as follows:
2 Midterm tests @ 21% each 42.0% of total
1 National Geographic article 2.0%
1 Research Assignment 12.0%
Laboratory Assignments 20.0%
Comprehensive Final 24.0%

These weighted scores are accumulated and the following formula 
is applied: 94% and above =A; 90-94% =A-; 87-90% =B+; 83-87% =B; 
80-83% =B-; 77-80% =C+; 72-77% =C; 69-72% =C-; 66-69% =D+; 62-66% 
=D; 60-62 = D-. Extra credit is allowed only if a person is 
failing and will not add more than 5% to the grade. Late work 
will lose 10% initially, 5% per week thereafter.

The missing of a scheduled test creates problems for the 
student, the class, and the instructor. While the instruc
tor wants to be sensitive to the pressures and problems we 
all face, and is willing to work with each individual, he 
also wants to be fair. Tests will only be given at an 
alternate time if prearrangement with good reason is made, 
or in the case of illness or emergency. Please notify the 
instructor as quickly as possible.

VII. LAB PROCEDURE
All lab work is to be done with #2 pencil. Neatness and 
clarity are part of the grade considerations. Assigned 
drawings must be in pencil, properly labeled with straight 
lines (preferably on the right side of the drawing) and 
large enough to clearly show the assigned details.
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CLASS SCHEDULE, SPRING SEMESTER 1991 

JAN 11 Introduction
14 Pretest
16 Expectations
17 Unit 1, microscope
18 Science and Method
21 M.L. King day
23 Cell ch. 2 & 3
24 Unit 3, cell struc.
25 Cell
28 Cell division ch. 4a
30 Chemistry ch.l
31 Unit 4, mitosis

FEB 1 Chemistry Nat. Geoqr. 
collat. due

4 Chemistry
6 Metabolism ch. 5
7 Unit 5, protozoans
8 Metabolism
11 Animal plan ch. 8
13 Animal plan ch. 9-19
14 Midterm # 1
15 Plant Plan, Ch. 7
18 PRESIDENT'S DAY
20 Plant plan
21 Unit 6, algaes
22 Taxonomy ch 25,26,27
25 Taxonomy ch 25,26,27
27 Behavior ch. 29
28 Unit 7, macro, plant 

Mar 1 Behavior ch. 29
♦♦research due if 

revision opportunity wanted

18 Reproduction ch. 21
20 Inheritance ch. 21
21 Unit 11, earthworm
22 Inheritance
25 Unit 9, genetics
27 Inheritance
28 Midterm II
29 Good Friday, no class

Apr.l Easter Holiday, NO CLASS
3 Genetics of change
4 Unit 12, crayfish
5 Molecular inherit, ch. 22
8 DNA
10 DNA
11 Unit 10, hydra
12 Ecology ch. 32-33

♦♦research due
15 Ecology ch. 30-31
17 Ecology
18 check in and review
19 Post-test
22 Evolution ch. 23
24 Evolution theories
25 LAB FINAL
26 The Grande Finale
FINAL -

SPRING BREAK MAR. 4 - 8
11 Photosynthesis ch. 6
13 Photosynthesis ch. 6
14 Unit 8, micro, plant
15 Reproduction, ch. 21
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Notes of presentation of STAD cooperative learning to 
experimental class. These notes were all made into overhead 
transparencies. The notes are primarily from Johnson, R., 
Johnson, D., & Holubec, E.J., (1990). Circles of learning:
Cooperation in the classroom.
"Two are better than one, because they have a good reward for 
their toil. For if they fall, one will lift up his fellow; but 
woe to him who is alone when he falls and has not another to lift 
him up...And though a man might prevail against one who is alone, 
two will withstand him. A threefold cord is not quickly broken. 

Ecclesiastes 4: 9-12
Thou shalt love the Lord thy God with all thy heart, and with all 
thy soul, and with all thy strength, and with all thy mind; and 
thy neighbor as thyself.

Luke 10:27
COOPERATION is working together to accomplish shared goals.
Within cooperative activities individuals seek outcomes that are 
beneficial to themselves and beneficial to all other group 
members.
COOPERATIVE LEARNING is the instructional use of small groups so 
that students work together to maximize their own and each 
other's learnings.

(Students should) feel like they are involved in relationships 
with peers who care about and assist each other; are able to 
influence the people they are involved with; and enjoy learning. 
It is through belonging, power, and fun that students are 
motivated to work up to their potential...
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POSITIVE INTERDEPENDENCE : When students perceive that they are 
linked with team mates in a way that they cannot succeed unless 
their team mates do.

1. can use goal, reward, resource, and role interdependence.
may ask the group to produce a single product; provide 
a reward for the group, etc. develop positive goals, 
use improvement scores to benefit the groups 
involvement in improving each other.

2. use face to face promotive interaction. students explain 
to one another. helping and assisting. feedback. peer 
pressure. caring and committed relationships. (one way 
is to give the group 100 points, then subtract 5 points for 
every spelling, punctuation, or grammatical error found.)

INDIVIDUAL ACCOUNTABILITY
each person will be responsible for doing the 

assignment to the criteria of the group; theirs may be the 
one graded.

(A student can do this by) having each member explain 
the answer or how to get the answer, having each member 
explain the learning in terms of previous experiences, 
checking that everyone understands and agrees with the 
answers. encouraging everyone to participate. listening 
accurately to what other group members are saying, not 
changing your mind unless you are logically persuaded (not 
intimidated). criticize ideas, not people.

COOPERATIVE SKILL
criticizing ideas without criticizing the person 

PROCESSING
spending some time as a group discussing what is working and 

what is not, and what may be needed.



161
SKILLS TO BE DEVELOPED BY EACH TEAM MEMBER:
FORMING SKILLS:

Moving quickly to the group.
Staying with the group.
Using quiet voices for minimal disruption of 

other groups.
Encouraging everyone to participate.
Use names.
Look at whomever is speaking.
Eliminate "put downs".

FUNCTIONING SKILLS:
Giving direction to the group by restating the purpose of 
the assignment, remembering time limits, and offering 
suggestions on how to efficiently accomplish the project. 
Verbal and nonverbal acceptance through praise, eye contact, 
seeking other's ideas.
Asking for help or clarification.
Offering help or clarification.
Paraphrasing for better learning.
Energizing the group activities for motivation.
Honesty but not offensive in stating feelings.
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FORMULATING:

Suitunarizer role. summarizes out loud.
Corrector role. seeks accuracy.
Elaboration seeker role.
Memory helper role. creative ways of remembering.
Checker role, demand vocalization so as to hear reasoning 
process verbalized.
Explanation checker role. having others "teach" and 
planning how best to present the material.

FERMENTING:
Criticize ideas, not people.
Identifying where the disagreement is.
Integrating different ideas.
Asking for justification for an answer.
Extending someone's answer.
Probing someone's answer.
Generating further answers.
Testing reality; time spent vs objective vs task. 
Persevere.
Positive feedback.
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WHAT THE MONITOR LOOKS FOR:

Are individuals contributing ideas, asking questions, 
expressing feelings, actively listening, expressing support 
and acceptance toward ideas, expressing warmth and liking to 
group members, encouraging of all members to participate, 
summarizing, checking for understanding, relieving tensions, 
giving direction. Frequency of these.
Are they: putting their heads together to work; talking 
about the work,; drilling each other; sharing answers and 
materials; encouraging? or do they leave the group, ramble, 
do their own work instead of being attentive, not check the 
progress of the others?
The teacher needs to structure the lessons to encourage 
these, inform the students of "sinking or swimming 
together", monitor actions, and have the groups discuss 
their own group interactions.
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OBJECTIVES - HSST: BIOLOGY, FORM B
Content Area: Cell Structure and Function
The student will be able to:
* identify the basic structures in plant and animal cells.
* explain the function of various structures within the cell.
* apply the principles of osmosis to experimental situations

in order to make predictions.
* explain the processes involved in cells developing 

specialized functions.
Content Area: Cellular Chemistry
The student will be able to:
* differentiate the properties of DNA from RNA
* explain the process involved in protein synthesis
* explain the sequence of steps involved in cellular 

respiration
* explain the sequence of the stages involved in mitosis
Content Area: Viruses, Monerans, Protist, and Fungi
The student will be able to:
* identify the criterion used for classifying protozoans into 

groups
* classify common protist into their appropriate phyla
* compare the characteristics of viruses to those of living 

cells
* explore the importance of monerans, protist, and fungi to 

humans
* explore and differentiate among the four kinds of 

reproduction that occur in monerans
Content Area: Plants
The student will be able to:

identify the characteristics of and the processes involved 
in photosynthesis
identify the criteria used in classifying plants 
compare the similarities and differences among different 
kinds of plants
explain the importance of adaptations of plants to their 
environments
identify the various plant structures and their functions 
explain the reasons why flowering plants have been so 
successful within the plant kingdom
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Content Area: Animals
The student will be able to:

sequence the levels of cell organization from simplest to 
complex
identify the phylum in which most animals are found
sequence the stages of metamorphosis from beginning to end
identify the characteristics of and the processes involved
in the kinds of animal reproduction
identify major criteria for classifying animals
sequence the categories used for classifying living things
from most general to most specific
identify the characteristics of various groups of animals

*
*
*

*
*

Content Area: Human Body Systems and Physiology 
The student will be able to:

identify the characteristics of proteins, lipids, 
carbohydrates, etc.
explain the function of and characteristics of enzymes 
identify various kinds of animal tissues
identify the parts of the human brain and their functions 
explain the process of digestion and the structure involved 
explain the functions of various body systems 
identify some common hormones and their functions 
trace the flow of blood through the circulatory system

*
*
*
*
*
*
*

Content Area: Genetics
The student will be able to:
*
*
*

*
*

identify functions and characteristics of chromosomes 
identify the concepts of inheritance used by Mendel 
apply the concepts of dominant and recessive traits to 
genetic crosses
identify the differences between the sex chromosomes of 
males and females
trace inheritance probabilities among blood types
apply principles of selective breeding to produce desired
characteristics
Used by permission of the publisher, from Gatta, L. (1990) 

Comprehensive Assessment Program: High School Subject Tests. 
Teacher's Manual and Technical Information. Form B . Chicago: 
American Testronics. pp. 82-84.
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CONTENT AREAS COVERED BY HSST: BIOLOGY. FORM B

Content Classification - Biology, Form B
# OF ITEM JSTAND. LOWER UPPER

CONTENT ITEMS1 NUMBERS MEAN DEVI. OUART. MEDIAN OUARTILE
Cell Structure
& Function 6 2-6,12 2.6 1.4 1.2 2.6 4.0
Cellular
Chemistry 4 9,10,14,15 1.4 1 . 0 0.7 1.4 2.3
Virus, Monerans 7 16-18, 2.9 1.3 1.5 2.8 4.0
Protist, & Fungi 21-24
Plants 9 11,25-32 3.5 1.5 2.1 3.5 4.8
Animals 8 19,33-35, 4.1 1.5 2.6 4.0 5.3

37-39,41
Human Body 8 7,8,13,20 2.5 1.3 1.4 2.5 3.9
and Physiology 40,42,43,58
Genetics 6 44-47,50,51 2.2 1.2 1.1 2.2 3.5
Ecology 8 36,48,52-55 2.9 1.5 1.5 2.8 4.4

59,60
Biological 4 1,49,56,57 1.6 1 . 0 0.8 1.6 2.6
Analysis and
Experimentation
Total 60 23.7 8.3 18.0 23.8 34.2

Used by permission of the publisher, from Gatta, L. (1990). 
Comprehensive Assessment Program: High School Subject Tests. 
Teacher's Manual and Technical Information. Form B . Chicago: 
American Testronics. p. 18.
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OBJECTIVES - HSST: BIOLOGY. FORM A
Content Area: Cell Biology 
The student will be able to:
* explain the use and operation of the light and electron 

microscopes.
* describe the collection, culturing, staining, measuring, and 

chromatography techniques used in biology, 
describe the general structure and function of cells, 
explain diffusion and osmosis in cells.
describe the structure and function of carbohydrates, fats, 
and proteins in living organisms.
describe the function and importance of enzymes in living 
organisms.
describe and compare the structure of DNA and RNA. 
explain the function of nucleic acids in protein synthesis, 
explain the process of photosynthesis, 
explain the process of respiration, 
explain the reproductive process in cells.
describe the nature and importance of cell specialization, 
describe the major groups of specialized cells in 
multicellular organisms.

* describe the levels of cell organization in multicellular 
organisms.

Content Area: Microbiology 
The student will be able to:

*
*
*

*
*
*
*
*
*
*

*
*
*

*
*
*

identify and describe the major groups of microorganisms, 
explain how microorganisms are identified and classified, 
describe the general anatomical characteristics of 
microorganims.
describe the general physiological characteristics of 
microorganisms.
describe the reproductive process in microorganisms, 
explain the factors that affect growth of microorganisms, 
explain the importance of microorganisms in the environment.

Content Area: Plant biology 
The student will be able to:
*
*
*
*

identify and describe major groups of plants, 
explain how plants are identified and classified, 
describe the general anatomical characteristics of plants, 
describe the general physiological characteristics of 
plants.
describe the general structure and function of roots, stems, 
leaves, and flowers.



*
*
*

describe the reproductive process in plants, 
explain the factors that affect growth of plants, 
explain the importance of plants in the environment.
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Content Area: Animal biology 
The student will be able to:
* identify and describe major groups of animals.
* explain how animals are identified and classified.
* describe the general anatomical characteristics of animals.
* describe the general physiological characteristics of

animals.
* describe the anatomy of each organ system in animals.
* describe the physiology of each organ system in animals.
* explain the major defenses against diseases in animals.
* describe the reproductive process in animals.
* explain the factors that affect growth of animals.
* explain the importance of animals in the environment.
Content Area: Population Biology 
The student will be able to:
* describe the general characteristics of chromosomes.
* explain the role of DNA and RNA in genetic activity.
* explain the nature of Mendelian genetics.
* explain the factors affecting genetic variability.
* identify the major characteristics of an ecosystem.
* explain the importance of ecological relationships in 

nature.
* explain the theories associated with the evolutionary 

process.
* explain factors which affect the evolutionary process. 
Content Area: Experimental reasoning
The student will be able to:

describe the use of hypotheses in research, 
explain the nature of controlled experiments, 
interpret the meaning of data derived from experiments.

Used by permission of the publisher, from Gatta, L. (1980). 
Comprehensive Assessment Program: High School Subject Tests. 
Teacher's Manual. Form A . Glenview: Scott, Foresman and 
Company. p. 68-69.
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CONTENT AREAS COVERED BY HSST: BIOLOGY. FORM A

Content Classification - Biology, Form A

CONTENT
# OF 
ITEMS

ITEM
NUMBERS

STAND
MEAN

. LOWER 
DEVI. QUART.

UPPER
MEDIAN OUARTILE

Cell
biology 14

30,39-44
46-51,58 5.9 2.5 4.1 5.8 7.6

Micro
biology 10

6,11,12
14-19,56 4.7 2.0 3.1 4.9 6.3

Plant
biology 10

1-5,7-10
13 5.3 2.0 3.8 5.4 6.8

Animal
biology 10 20-29 4.4 1.9 3.0 4.2 5.4

Population
biology 10

31-38
45,57 3.9 2.1 2.4 3.7 5.3

Experimental
reasoning 6

52-55
59,60 3.6 1.3 2.6 3.8 4.4

Total 60 27.8 9.1 21.4 27.3 33.9

Used by permission of the publisher, from Gatta, L. (1980). 
Comprehensive Assessment Program: High School Subject Tests. 
Teacher's Manual. Form A . Glenview: Scott, Foresman and 
Company. p. 22.
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DATA SET FOR STATISTICAL ANALYSIS

100 series is the experiemental class. NOCOOP% is the class 
grade calculated without cooperative scores.
NAM SX PRETST POST GRADE NOCOOP% NAM SX PRETST POST GRADEEXPER ALSCORS GRADE CONTRL
101 2 45 76.67 92.53 91.53 201 2 28.33 58.33 64.91102 1 35 41.67 75.8 73.27 202 1 36.67 1.67 66.06103 2 28.33 38.33 72.41 67.87 203 1 31.67 48.33 74.58104 1 40 60 80.93 79.33 204 2 30 51.67 77.17105 2 20 36.67 58.28 57.89 205 2 23.33 55 73.04106 1 40 68.33 86 85.84 206 1 50 58.33 84.34107 2 25 51.67 88.17 86.36 207 2 30 66.67 89.77108 1 40 38.33 87.12 85.65 208 1 31.67 35 81.25109 2 35 60 86.92 86.52 209 1 40 60 77.07110 2 33.33 71.67 92.64 92.34 210 2 38.33 46.67 65.94111 2 48.33 70 89.82 89.61 211 2 25 55 74.86112 2 48.33 68.33 87.03 84.8 212 1 26.67 55 92.07113 1 28.33 53.33 76.01 72.58 213 1 23.33 61.67 57.98114 1 31.67 51.67 63.18 65.69 214 2 31.67 38.33 75.98
115 1 43.33 68.33 88.7 86.89 215 1 25 51.67 21.15116 2 33.33 50 81.19 78.23 216 1 36.67 60 89.24117 2 50 63.33 90.25 89.4 217 2 35 40 67.73118 1 26.67 53.33 67.89 65.03 218 1 25 65 73.68119 1 41.67 76.67 92.17 89.73 219 1 26.67 50 60.85120 2 33.33 63.33 75.63 76.2 220 1 33.33 60 81.27121 2 20 46.67 76.69 74.04 221 2 31.67 46.67 74.2122 1 26.67 36.67 59.38 59.07 222 2 41.67 45 74.97123 2 36.67 43.33 78.05 74.66 223 2 18.33 50 78.8124 2 40 50 78.43 75.57 224 2 30 51.67 78.23125 2 18.33 36.67 82.59 80.58 225 1 28.33 70 71.5126 1 38.33 61.67 85.33 83.99 226 1 16.67 51.67 54.92127 1 23.33 63.33 75.22 74.73 227 2 38.33 68.33 95.72128 2 18.33 36.67 86.71 84.08 228 1 26.67 45 70.17129 2 31.67 33.33 87.06 85.97 229 1 30 60 80.77130 2 23.33 53.33 68.89 66.37 230 2 38.33 51.67 77.58131 2 36.67 48.33 71.57 70.61 231 2 33.33 51.67 73.94132 1 23.33 48.33 74.93 72.75 232 1 35 35 62.59133 2 25 41.67 64.39 60.39 233 2 20 48.33 60.33134 1 30 50 83.54 83.33
135 2 21.67 38.33 82.66 79.69
136 2 23.33 38.33 65.78 61.15
137 1 46.67 41.67 75.38 72.49
138 2 25 35 82.4 78.81
139 2 13.33 58.33 92.83 92.35
140 2 38.33 53.33 93.93 92.04
141 2 18.33 36.67 80.58 79.13
142 2 25 56.67 61.59 59.85
143 2 28.33 61.67 93.12 91.68
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FILE: BILLSTAT, NO. OF VARIABLES: 11, NO. OF CASES: 43 
(MISS. CASES: 0) LABEL: STATISTICS FOR DISSERTATION
HYPOTHESIS: MEAN X = MEAN Y; t Test

X = PRETEST, EXPERIMENTAL 
Y = PRETEST, CONTROL

SAMPLE MEAN OF X 
SAMPLE VARIANCE OF X 

SAMPLE SIZE OF X 
SAMPLE MEAN OF Y 

SAMPLE VARIANCE OF Y 
SAMPLE SIZE OF Y

31.5884
89.5525
43
30.8082
50.3691
33

MEAN X - MEAN Y 
Z

P-VALUE 
P-VALUE/2 
SD. ERROR 

t
D. F. 

P-VALUE 
P-VALUE/2 
SD. ERROR

= 0.78019
= 0.410686
= 0.681303
= 0.340651
= 1.89972
= 0.395632
= 74
= 0.693515
= 0.346757
= 1.97201
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FILE: BILLSTAT, NO. OF VARIABLES: 11, NO. OF CASES: 43 
CASES: 0) LABEL: STATISTICS FOR DISSERTATION

HYPOTHESIS: MEAN X = MEAN Y; t Test
X = POST TEST, EXPERIMENTAL
Y = POST TEST, CONTROL

SAMPLE MEAN OF X = 51.8991
SAMPLE VARIANCE OF X = 155.231

SAMPLE SIZE OF X = 43
SAMPLE MEAN OF Y = 52.8288

SAMPLE VARIANCE OF Y = 78.3826
SAMPLE SIZE OF Y = 33
MEAN X - MEAN Y = -0.929718

Z = -0.380023
P-VALUE = 0.703929

P-VALUE/2 = 0.351964
SD. ERROR = 2.44648

t = -0.363711
]D. F. = 74

P-VALUE = 0.717111
P-VALUE/2 = 0.358555
SD. ERROR = 2.5562

(MISS.
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FILE: BILLSTAT, NO. OF VARIABLES: 11, NO. OF CASES: 43 
(MISS. CASES: 0) LABEL: STATISTICS FOR DISSERTATION

HYPOTHESIS: MEAN X = MEAN Y
X = EXPERIMENTAL FINAL GRADE IN PER CENT 
Y = CONTROL FINAL GRADE IN PER CENT

SAMPLE MEAN OF X 
SAMPLE VARIANCE OF X 

SAMPLE SIZE OF X 
SAMPLE MEAN OF Y 

SAMPLE VARIANCE OF Y 
SAMPLE SIZE OF Y

79.854
99.6156
43
72.8079

179.543
33

MEAN X - MEAN Y 
Z

P-VALUE 
P-VALUE/2 
SD. ERROR 

t
D. F. 

P-VALUE 
P-VALUE/2 
SD. ERROR

= 7.04607
= 2.52983
= 0.011412
= 5.7 0598E-3
= 2.7852
= 2.62839
= 74
= 0.0104263
= 5.21315E-3
= 2.68076
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FILE: BILLSTAT, NO. OF VARIABLES: 11, NO. OF CASES: 43 
(MISS. CASES: 0) LABEL: STATISTICS FOR DISSERTATION

SUMMARY STATISTICS
EXPERIMENTAL CONTROL

PRETEST PRETEST
Mean = 31.5884 30.8082

Maximum = 50 50
Minimum = 13.33 16.67

Range = 36.67 33.33
No. of Valid Obs. = 43 33

Missing Values = 0 10
Sam. Std. Dev. = 9.46322 7.09712
Sam. Variance = 89.5525 50.3691

Sam. Cof. of Var. = 0.299579 0.230365Std. Err. of Mean = 1.44313 1.23545
Median = 31.67 30

Pop. Std. Dev = 9.35253 6.98876Pop. Variance = 87.4698 48.8428
Pop. Cof. of Var. = 0.296075 0.226848Sum of Sq'd Dev. = 3761.2 1611.81
Cof. of Skewness = 0.0284138 0.0508034Cof. of Kurtosis = 2.0927 3.27541
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FILE: BILLSTAT, NO. OF VARIABLES: 11, NO. OF CASES: 43 
(MISS. CASES: 0) LABEL: STATISTICS FOR DISSERTATION

SUMMARY STATISTICS
EXPERIMENTAL CONTROL

POST TEST POST TEST
Mean = 

Maximum = 
Minimum = 

Range = 
No. of Valid Obs. = 

Missing Values = 
Sam. Std. Dev. = 
Sam. Variance = 

Sam. Cof. of Var. = 
Std. Err. of Mean = 

Median = 
Pop. Std. Dev = 
Pop. Variance = 

Pop. Cof. of Var. = 
Sum =

Sum of Sq's = 
Sum of Sq'd Dev. = 
Cof. of Skewness = 
Cof. of Kurtosis =

51.8991
76.67
33.33
43.34 
43

0
12.4592

155.231
0.240066
1.90001

51.67 
12.3135

151.621
0.237258

2231.66
122341

6519.72
0.042142
1.97917

52.8288 
70 
35 
35 
33 
10
8.8534 

78.3826 
0.167587 
1.54118 

51.67 
8.71822 

76.0074 
0.165028 

1743.35 
94607.3 
2508.24

0.0189965
2.65736
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FILE: BILLSTAT, NO. OF VARIABLES: 11, NO. OF CASES: 43 
(MISS. CASES: 0) LABEL: STATISTICS FOR DISSERTATION

SUMMARY STATISTICS
EXPERIMENTAL CONTROL

CLASS GRADE CLASS GRADE
Mean

Maximum
Minimum

Range
No. of Valid Obs. 

Missing Values 
Sam. Std. Dev. 
Sam. Variance 

Sam. Cof. of Var. 
Std. Err. of Mean 

Median

79.854
93.93
58.28
35.65
43

0
9.98076

99.6156
0.124988
1.52205

81.19

72.8079
95.72
21.15
74.57 
33
10
13.3994

179.543
0.184037
2.33253

74.58
Pop. Std. Dev 
Pop. Variance 

Pop. Cof. of Var.
Sum

Sum of Sq's 
Sum of Sq'd Dev. 
Cof. of Skewness 
Cof. of Kurtosis

9.86402
97.2989
0.123526

3433.72
278380

4183.85
0.0790763
2.3202

13.1948
174.103

0.181228
2402.66

180678
5745.38

0.27644
7.93841
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Table 1 Corollary: 
Pretest scores of

Equivalent Groups 
the Experimental and Control Groups

CASE 1
EXPER
45.00

CONTROL
28.33

CASE 2 35.00 36.67
CASE 3 28.33 31.67
CASE 4 28.33 30.00CASE 5 25.00 23.33
CASE 6 30.00 50.00
CASE 7 25.00 30.00
CASE 8 40.00 31.67
CASE 9 35.00 40.00
CASE 10 33.33 38.33CASE 11 18.33 25.00
CASE 12 38.33 26.67
CASE 13 28.33 23.33
CASE 14 31.67 31.67
CASE 15 25.00 25.00
CASE 16 33.33 36.67
CASE 17 50.00 35.00
CASE 18 26.67 25.00
CASE 19 41.67 26.67CASE 20 33.33 33.33
CASE 21 20.00 31.67
CASE 22 26.67 41.67
CASE 23 36.67 18.33
CASE 24 40.00 30.00
CASE 25 18.33 28.33
CASE 26 38.33 16.67
CASE 27 23.33 38.33
CASE 28 23.33 26.67
CASE 29 31.67 30.00
CASE 30 23.33 38.33
CASE 31 36.67 33.33
CASE 32 23.33 35.00
CASE 33 25.00 20.00
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Table 2 Corollary: Equivalent Groups
Pretest t Test Statistics 

HYPOTHESIS: MEAN X = MEAN Y
X = Experimental Pretest 
Y = Control Pretest

t = 0.0271194
SAMPLE MEAN OF X = 30.8579
SAMPLE VARIANCE OF X = 60.4494
SAMPLE SIZE OF X = 33.0
SAMPLE MEAN OF Y = 30.8082
SAMPLE VARIANCE OF Y = 50.3691
SAMPLE SIZE OF Y = 33.0
MEAN X - MEAN Y = 0.049697
Z = 0.0271194P-VALUE = 0.978364
P—VALUE/2 = 0.489182SD. ERROR = 1.83252
D. F. = 64
P-VALUE = 0.978449
P-VALUE/2 = 0.489224
SD. ERROR = 1.83252



180

Table 3 Corollary: Equivalent Groups
Post test scores of the Experimental and Control Groups

EXPER CONTROL
CASE 1 76.67 58.33
CASE 2 41.67 51.67
CASE 3 38.33 48.33
CASE 4 61.67 51.67
CASE 5 56.67 55.00
CASE 6 50.00 58.33
CASE 7 51.67 66.67
CASE 8 38.33 35.00
CASE 9 60.00 60.00
CASE 10 71.67 46.67
CASE 11 36.67 55.00
CASE 12 53.33 55.00
CASE 13 53.33 61.67
CASE 14 51.67 38.33
CASE 15 35.00 51.67
CASE 16 50.00 60.00
CASE 17 63.33 40.00
CASE 18 53.33 65.00
CASE 19 76.67 50.00
CASE 20 63.33 60.00
CASE 21 46.67 46.67
CASE 22 36.67 45.00
CASE 23 43.33 50.00
CASE 24 50.00 51.67
CASE 25 36.67 70.00
CASE 26 61.67 51.67
CASE 27 63.33 68.33
CASE 28 38.33 45.00
CASE 29 33.33 60.00
CASE 30 53.33 51.67
CASE 31 48.33 51.67
CASE 32 48.33 35.00
CASE 33 41.67 48.33
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Table 4 Corollary: Equivalent Groups
Post Test t Test Statistics

HYPOTHESIS: MEAN X = MEAN Y
X = Experimental group
Y = Control group

t = -0.686395
SAMPLE MEAN OF X = 51.0606
SAMPLE VARIANCE OF X = 140.605
SAMPLE SIZE OF X = 33
SAMPLE MEAN OF Y = 52.8288
SAMPLE VARIANCE OF Y = 78.3826
SAMPLE SIZE OF Y = 33
MEAN X - MEAN Y = -1.76818
Z = -0.686395
P-VALUE = 0.492464
P-VALUE/2 = 0.246232
SD. ERROR = 2.57604
D. F. = 64
P-VALUE = 0.494944
P-VALUE/2 = 0.247472
SD. ERROR — 2.57604
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Table 5 Corollary: Equivalent Groups
Summary Statistics of the Experimental and Control Grouo
Pretest.

SUMMARY STATISTICS
EXPER CONTROL

Mean = 30.8579 30.8082
Median = 30 30
Range = 31.67 33.33

Maximum = 50 50
Minimum = 18.33 16.67

No. of Valid Obs. = 33 33
Sam. Std. Dev. = 7.77492 7.09712
Sam. Variance = 60.4494 50.3691Sam. Cof. of Var. = 0.251959 0.230365Std. Err. of Mean = 1.35344 1.23545
Pop. Std. Dev = 7.65621 6.98876
Pop. Variance = 58.6176 48.8428

Pop. Cof. of Var. = 0.248112 0.226848Cof. of Skewness = 0.072067 0.0508034Cof. of Kurtosis = 2.5803 3.27541
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Table 6 Corollary: Equivalent Groups 
Summary Statistics of the Experimental and Control Group
Post Test.

SUMMARY STATISTICS
EXPER CONTROL

Mean = 51.0606 52.8288
Median = 50 51.67
Range = 43.34 35

Maximum = 76.67 70
Minimum = 33.33 35

No. of Valid Obs. = 33 33
Sam. Std. Dev. = 11.8577 8.8534
Sam. Variance = 140.605 78.3826

Sam. Cof. of Var. = 0.232228 0.167587
Std. Err. of Mean = 2.06416 1.54118

Pop. Std. Dev = 11.6767 8.71822
Pop. Variance = 136.344 76.0074

Pop. Cof. of Var. = 0.228682 0.165028
Cof. of Skewness = 0.0799144 0.0189965
Cof. of Kurtosis = 2.5004 2.65736
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Table 9 Corollary: Equivalent Groups
Comparison of the final grades of the experimental and 
control sections. (Scores are in per cent)

SUMMARY STATISTICS
X = COOP% Y = TRAD%

Mean = 78.9509 72.8079
Median = 78.43 74.58
Range = 34.55 74.57

Maximum = 93.93 95.72
Minimum = 59.38 21.15

No. of Valid Obs. = 33 33
Sam. Std. Dev. = 9.96907 13.3994
Sam. Variance = 99.3823 179.543

Sam. Cof. of Var. = 0.126269 0.184037
Std. Err. of Mean = 1.73539 2.33253

Pop. Std. Dev = 9.81686 13.1948
Pop. Variance = 96.3707 174.103

Pop. Cof. of Var. = 0.124341 0.181228
Cof. of Skewness = 0.041503 0.27644
Cof. of Kurtosis = 2.06971 7.93841
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Table 10 Corollary: Equivalent Groups
Section Grades t Test Statistics

HYPOTHESIS: MEAN X = MEAN Y
X = Experimental Course Grade with

Cooperative Scores
Y = Control Course Grade

t = 2.11298
SAMPLE MEAN OF X = 78.9509
SAMPLE VARIANCE OF X = 99.3823
SAMPLE SIZE OF X = 33.0
SAMPLE MEAN OF Y = 72.8079
SAMPLE VARIANCE OF Y = 179.543
SAMPLE SIZE OF Y = 33.0
MEAN X - MEAN Y = 6.14303
Z = 2.11298
P-VALUE = 0.0346034
P-VALUE/2 = 0.0173017
SD. ERROR = 2.90728
D. F. = 64
P-VALUE = 0.0385079
P-VALUE/2 = 0.019254
SD. ERROR — 2.90728
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Table 12 Corollary: Equivalent Groups
Summary Statistics of the Experimental and Control GrouD
Class Grades without Cooperative Scores.

SUMMARY STATISTICS
NOCOOP% TRAD%

Mean = 77.1248 72.8079
Median = 76.2 74.58
Range = 33.27 74.57

Maximum = 92.34 95.72
Minimum = 59.07 21.15

No. of Valid Obs. = 33 33
Sam. Std. Dev. = 10.2663 13.3994
Sam. Variance = 105.398 179.543

Sam. Cof. of Var. = 0.133113 0.184037
Std. Err. of Mean = 1.78714 2.33253

Pop. Std. Dev = 10.1096 13.1948
Pop. Variance = 102.204 174.103

Pop. Cof. of Var. = 0.131081 0.181228
Cof. of Skewness = 0.0274015 0.27644
Cof. of Kurtosis — 1.94479 7.93841
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Table 13 Corollary: Equivalent Groups
Section Grades t Test Statistics

HYPOTHESIS: MEAN X = MEAN Y
X = Experimental Course Grade without

Cooperative ;Scores
Y = Control Course Grade

t = 1.46912
SAMPLE MEAN OF X = 77.1248
SAMPLE VARIANCE OF X = 105.398
SAMPLE SIZE OF X = 33.0
SAMPLE MEAN OF Y = 72.8079
SAMPLE VARIANCE OF Y = 179.543
SAMPLE SIZE OF Y = 33.0
MEAN X - MEAN Y = 4.31697
Z = 1.46912
P-VALUE = 0.141798
P-VALUE/2 = 0.07080991
SD. ERROR = 2.93846
D. F. = 64
P-VALUE = 0.146697
P-VALUE/2 = 0.0733487
SD. ERROR — 2.93846
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QUIZ SCORE SHEET

Team Name _________________________________

Student Date Base Quiz Improv Date Base Quiz Improv Date Base Improv

I
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Summary of group processing activities. Number in parentheses is number of 
student responses
1. What ways has the group helped your study of Biology?

2.

(6) a. 
(16) b. 
(6) c. 
(14) d. 
(4) e. 
(1) f.

Helps reinforce ideas and information. 
Discussion makes it easier to understand. 
Worksheets are good study helps.
Other in group catch things I don't.
Helps each other to get work done.
Makes it fun.

What ways has the group interfered with your study of Biology?
(7)
(15)
(1 )
(2 )
(1 )
( 3 )

a. Absences hurt grade and study of groups.
b. Hasn't interfered.
c. Helps me to get by on others rather than do my work.
d. We don't always agree
e. Some members of group take seniority.
f. I like to do it myself. I know it will be right that
way.

(4) g. Too rushed.
(2) h. Afraid of lowering each other's grade. Good for "C” 
students but not for "A” students.
(1) i. I am insecure and shy away.

3.

4.

What ways could the group improve it's ability to help you with your 
study of Biology?
(10) a.
(2) b.
(17) c.
(1) d.
(5) e.
(5) f.
(1) g-
(1) h.
(1) i.

Show up - less absences.
Group could fill in what was missed when I'm absent. 
More sharing.
Worksheets don't encourage sharing.
Study time together outside of class.
Come to class prepared. Bring text to class.
Limit excess discussion.
Take sheets home to complete, then discuss together. 
Check answers of group members.

What ways could the instructor help your group to improve your study of 
Biology?
(5)
(15)
(11)
(1 )(4)
(2 )
(3)
( 2 )
(1 )(3)
next
(3)
(3)
(1 )

a. More explanation of difficult areas.
b. More time for worksheets.
c. Worksheets are helpful but too long.
d. Lectures are too fact filled for the length of time.
e. Spend individual time with each group.
f. I like the group. Thanks!
g. Don't like the group grading.
h. Textbook on reserve in library.
i. Give answers to final. Ha Ha!
j. More group questions that are only for discussion and 
not for grade or take home to complete and then discuss

session.
k. More time in lecture spent on explaining worksheet.
l. Handouts with diagrams from the lectures.
m. Make worksheets less busy work. Not so cut and dry.
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TEAM SUM MARY SHEET
Worksheet scores

TEAM NAME

Team Members

TotalTeamScore
Team Average*
Team Award

*Team Average = Total Team Score : Number of Team Members
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INITIAL WORKSHEET

Instructions: You are to meet together with your assigned
group. Make introductions by learning a little about the person 
next to you and then introducing them to the group (suggestions 
place of birth, year in school, major area, reason for taking 
biology, something unique or interesting about themself). You 
have five minutes to complete the introductions.

Assign a number to each person that will be used throughout 
the semester as the basis for choosing who turns in what 
assignments. Choose a team name. 5 minutes.

TEAM NAME:________________________ List the names of the team
members and give the number that has been assigned to them (e.q. 
Mary Brown - 1. John Doe - 2, ).________

WORKSHEET: Make a special effort to give opportunity for each
person of your team to contribute when answering the following. 
Each person is to answer the questions on his/her own sheet. At 
the conclusion of class, one of the sheets will be called for by 
the instructor as the answers for the group.

1. What special positions are given to Hippocrates and 
Aristotle?

2. Why are they given such positions?

3. What are the five basic components of the scientific 
method?

4. What "is the difference between a control group and an 
experimental group?

5. What is the difference between the data and the 
conceptual scheme of a theory?



193
WORKSHEET FOR JANUARY 25, 1991. ORGANELLES. NAME. 
TEAM NAME:____________________________________________
The primary responsibility of the team is to make sure that each 
team member knows and understands what has been presented in 
class. Each team member needs to ask questions, check each other 
for understanding, and find creative ways to help the team learn.
1. What composes the Cell Doctrine?

2. State in your own words the Cell Theory.

3. State in your own words the Theory of Biogenesis.

4. What are the functions of the plasma membrane (cell membrane) 
and how is it designed to carry out these functions?

5. Have each person in your group think of a way that they would 
try to explain an organelle if they were trying to teach someone 
who had no idea what an organelle was and briefly write (in note 
form) or draw (with explanatory labels) this explanation below. 
Have each person briefly share that with the group.
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WORKSHEET FOR JANUARY 28, 1991. ORGANELLES. NAME. 
TEAM NAME:____________________________________________
If any of your group did not turn in the last worksheet, they 
need to get it turned in right away. Remember there is a quiz on 
the cell on Wednesday. Take the time left over after the 
worksheet to help one another prepare for the quiz and reviewing 
the notes since the last quiz.
Briefly define the following by having one member define one, 
another member the next, and so on until all have been defined. 
Those that are not defining need to act as checkers, quizzers, 
and expanders to make sure the concepts are understood.
Cell Cycle

Interphase

G-l phase 
S Phase 
G-2 phase 
M phase 
prophase

metaphase

anaphase

telophase

centrosome

spindle

centromere

chromosomes
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FRIDAY FEBRUARY 1 CHEMISTRY NAME_____________
TEAM NAME:_____________________________________________
Have each person in your team answer at least two of the 
following and then share answers in the group so that everyone 
has the answer. When an answered is shared, have each team 
member agree or disagree, or add clarifying remarks.
What is an atom?

Describe a proton. What is its importance to the chemistry of 
living things?

Describe a neutron. What is its importance to the chemistry of 
living things?

Describe an electron. What is its importance to the chemistry of 
living things?

What is meant by "states of matter" and how are these different 
states determined?

Compare and contrast covalent bonds and ionic bonds.

What is an isotope? What physical structure is the cause an 
isotope?

Describe five things that control reaction rates.
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MONDAY FEBRUARY 4, 1991 NAME.
TEAM NAME:____________________________________________
Midterm time is coming! Try to get some time in your team 
activities to check each other for understanding of the concepts 
that have been presented. Don't limit yourself to just the 
worksheets!
1. Compare Potential and Kinetic energy.

2. In your own words, state the 1st Law of Thermodynamics.

3. In your own words, state the 2nd Law of Thermodynamics.

4. Compare diffusion and osmosis.

5. What does the chemical notation C6H1206 stand for?
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WORKSHEET FOR February 20, 1991. 
Definitions, Tissues & Systems
TEAM NAME:________________________
Define the following terms.
Species

Population

Community

Ecosystem

Biosphere

Tissue

Organ

Organ System

What organ systems do plants have? 

What organ systems do animals have?

NAME



198
WORKSHEET FOR Feb. 22, 1991. Animal Systems NAME________________
TEAM NAME;_____________________________________________
DIVIDE THE FOLLOWING AMONG MEMBERS OF YOUR GROUP AND MARK WITH AN 
"X" THE ONES YOU ARE RESPONSIBLE FOR. ANSWER THE QUESTIONS 
ASSIGNED TO YOU, THEN EXPLAIN THE ANSWERS TO YOUR GROUP MEMBERS. 
BE SURE YOU HAVE ALL THE ANSWERS.
1. How many systems can be found in the animals?
Define the following:
2. Integument:
3. Endoskeleton:
4. Exoskeleton:
5. Open Circulatory system:
6. Closed Circulatory system:
7. Blood:
8. Incomplete Digestive System:
9. Complete Digestive System:
10. Chemical Digestion:
11. Mechanical Digestion
12. 13, 14. What types of respiratory systems are found in 
terrestrial animals?
15, 16. What types of respiratory systems are found in aquatic 
animals?
17. What is a hormone?
18, 19. What is the importance of cardiac muscle being branched 
and syncytial?

20, 21, 22. What are the basic features of: 
protonephridia.
metanephridia.
nephron.
23. Why are smooth muscle tissues called involuntary?
24. What is the function of the integumentary system?
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WORKSHEET FEB. 25, 1991. PLANT MACROSTRUCTURE. NAME___
TEAM NAME:____________________________________________
1. Where are the functions of the following structures 
STEM

ROOT

LEAVES

2. Draw a picture of 
PINNATE VENATION

PALMATE VENATION

PARALLEL VENATION

3. What four structures could be found at a node?
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WORKSHEET MAR. 1, 1991. GROUP PROCESSING. NAME.
TEAM NAME:_______________________________________ _ _

Meet with your team and discuss how your group is operating. It 
is important that you tell each other the things which have been 
helpful, things which have been detrimental, and things that 
could be done to improve the function of the group. The group 
time is given to benefit you so the group must refine its 
operation to ensure that the time taken is well spent.
1. What ways has the group helped your study of Biology?

2. What ways has the group interfered with your study of 
Biology?

3. What ways could the group improve its ability to help you 
with your study of Biology?

4. What ways could the instructor help your group to improve 
your study of Biology?
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WORKSHEET MAR. 11, 1991. TAXONOMY. NAME.
TEAM NAME:_____________________________________________
Take a little time to get the group back together. Have each 
person give a 2 sentence description of the high point of Spring 
Break! Remember that there is a quiz every Wednesday, so take a 
little time after completing this worksheet to review the notes 
from the last lecture and todays lecture to prepare the group for 
the quiz. Practice the roles of Questioner and Corrector with 
each other.
1. Who is the father of modern taxonomy, Aristotle or Linnaeus?
2. Why was Latin selected as the language to be used in taxonomy?

3. List, in order, the seven divisions of the modern taxonomic 
system. Circle the ones used in binomial nomenclature.

4. List one major identifying feature of the following kingdoms: 
ANIMALIA:
PLANTAE:
FUNGI:
PROTISTA:
MONERA:
5. What is Occam's Razor?
6. Define and give an example of a tropism.

7. Define and give an example of a nastic.

8. Define and give an example of a chemical releaser.

9. Give an example of a visual releaser.
10. Give an example of a sound releaser.
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WORKSHEET FOR March 15, 1991 PHOTOSYNTHESIS
TEAM NAME:_____________________________________________
Names of each team member participating in this activity.

1. What is the difference between Chemosynthesis and 
Photosynthesis?

2. Where does photosynthesis occur. Give the area and/or part, 
and give the name of the specific organelle involved.

3. In your own words, give a one sentence summary of the 
contribution of:
Priestly:
Van Helmont:
Ingenhousz:

4. What is the importance of Chlorophyll A?

5. Draw and label a brief sketch of Cyclic Photophosphorylation. 
Starting with the light source, take turns by having #1 tell what 
happens, then # 2 tell what happens next, then # 3, then # 4 
until the full reaction is described. Check each other for 
accuracy and clarity.

6. If you have time, do the same for Non-Cyclic 
Photophosphorylation and Carbon Dioxide Fixation.
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WORKSHEET FOR March 18, 1991 REPRODUCTION
TEAM NAME:_____________________________________________
Names of each team member participating in this activity.

1. Define or describe the following: 
Asexual
Binary fission
Fragmentation and regeneration
Budding
Spores
Sexual
Gametes
Fertilization
2. What is meant by Reduction Division. Be specific.

3. Describe 5 ways that Meiosis is different than Mitosis.
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WORKSHEET FOR April 3, 1991 GENETICS PROBLEM 
TEAM NAME:______
Names of team member participating in this activity. _________
In cocker spaniels, black is due to a dominant gene to its 
recessive allele of red. Solid color is dependent upon a 
dominant gene with white spotting being its recessive allele.
A homozygous red - solid male is crossed with a homozygous 
black - spotted female. What would be the phenotypic ratio of 
offspring? Show all work.

In humans, the trait of sickle cell anemia can have three 
phenotypes: no sickle, occasional sickle, and severe sickle. 
What would be the phenotypic ratio of offspring from two people 
who have occasional sickle cell anemia?
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WORKSHEET FOR April 8, 1991. DNA. NAME_____________
TEAM NAME:_____________________________________________
1. What things must a genetic information system be able to do 
and why?

2. What is a nucleotide?

3. How does DNA encode genetic information?

4. What is a gene?

5. What is the structure and function of tRNA?

6. How does mRNA get synthesized?

7. What is the codon-anticodon reaction? 
making of a protein? How does it affect the
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WORKSHEET FOR April 15, 1991. ECOLOGY 
TEAM NAME;______________________________
1. Define in your own words the term ecology.

2. What is an ecosystem? Give an example.

3. Give three examples of abiotic factors.

4. Give two examples of biotic factors.

5. Give an example of a food chain.

6. What is meant by a food web?

NAME

7. What two concepts are represented in a food pyramid?
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Quiz, January 30, 1991 Name_________________________Team__________

Choose the one best answer. Use the answer sheet.
1. According to the cell theory;
a. all organisms are composed of cells
b. the smallest unit of life is the cell
c. both plants and animals are composed of cells
d. a multicellular organism is composed of many cells
e. all of the above are true
2. A cell membrane is characteristic of;
a. both plant and animal cells b. animal cells only
c. only rigid nonmoving cells d. only flexible cells
3. If a cell lacked ribosomes, it would not be able to;
a. form a spindle apparatus b. sythesize proteins
c. respire d. hydrolyze fat
4. Energy release is best associated with which organelle?
a. golgi apparatus b. ribosome c. mitochondrion
d. chlorplast e. endoplasmic reticulum
5. Which of these is best associated with plant cells?
a. cilia and flagella
b. chloroplasts and centrioles
c. rounded shape and flexibility
d. cell wall and large central vacuole
6. Centrioles
a. are a solid pack of microtubules
b. may be involved in spindle formation
c. carry on cell respiration
d. are found in plant cells
e. all of the above are true
7. Which nuclear structure(s) contain(s) the heredity material?
a. nucleolus b. ribosomes c. chromosomes d. nucleoplasm
e. both a and b are true
8. During mitosis, in which stage are the chromosomes lined up on 
the equatorial plate?
a. interphase b. prophase c. metaphase d. anaphase e.
telophase
9. During which phase does the nuclear membrane disappear and the 
chromosomes become distinct?
a. interphase b. prophase c. metaphase d. anaphase
e. telophase
10. During interphase
a. the cell is dead b. centromeres divide c. two nuclei split
d. heredity material duplicates itself.



Quiz Feb. 27, 1991 Plant and Animal Systems Name 
Group______
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1. Plant vascular tissue contains: a. cortex and cutin b.
xylem and phloem c. epidermis and pith d. cambium and
cork
2. Water and minerals move upwards in roots and stems primarily 
through the:
a. cambium b. phloem c. cortex d. xylem
3. Most of the water obtained by the plant enters through the:
a. cambium layer b. palisade cells c. root hairs d. stomata
4. Woody plants have large trunks composed mostly of:
a. phloem b. xylem c. epidermis d. palisade
5. The guard cells: a. are located on the leaf b. are
specialized epidermal cells c. surround stomata d. all the 
above are true
6. The tissues of the leaf, in order from the upper surface to
the lower surface, are: a. epidermis, mesophyll layer, cortex
layer, epidermis
b. cuticle, epidermis, cambium layer, phloem, xylem, endodermis, cuticle.
c. epidermis, palisade layer, spongy layer, lower epidermis
d. cuticle, stomata, mesophyll, spongy and palisade layer, lower 
epidermis.
7. A system specialized for the processing and absorption of food 
that has only one opening is called a:
a. gastrovascular cavity b. closed digestive system
c. complete digestive system d. open digestive system
8. The type of digestion that uses enzymes, acids, etc. is 
called:
a. complete digestive system b. mechanical digestion 
c. chemical digestion d. incomplete digestion
9. A circulatory system that bathes the tissues with blood is 
called:
a. an open system b. a closed system c. a complete system d. a 
mechanical system
10. The endocrine system serves for: a. electrical control b. 
chemical digestion c. mechanical control d. chemical control 
and coordination
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11. The Autonomic Nervous System in humans: a. analyzes all
incoming impulses b. controls involuntary functions
c. is the place of thinking, will power d. monitors the bodies 
contact with the external environment
12. The lymphatic system serves a major role of:
a. immunity b. cell environment c. cell control d.
hormone formation
13. Terrestrial animal respiration may be done by:
a. tracheal, gill, lung systems b. skin, gills, tracheal 
systems
c. skin, trachea, lung systems d. skin, mucous cell, lung
systems
14. Metanephridia are: a; semi selective excretory structures
b. fully selective excretory structures c. have no selectivity 
in excretion
d. part of the human kidney
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Quiz, March 13, 1991 Name_________________________Team______

Choose the one best answer. Circle the best answer(s).

1. The Father of Modern Taxonomy is: a. Aristotle b. Ray c. 
Linnaeus
d. Hippocrates e. Adam
2. The person responsible for our concept of Species is a. 
Aristotle b. Ray c. Linnaeus d. Hippocrates e. Adam
3. Kingdom is immediately before a. Genus b. Family c. 
Species
d. Order e. Phylum
4. Family is immediately followed by a. Kingdom b. Genus c. 
Species
d. Order e. Phylum
5. Binomial nomenclature involves what two groupings? a. Kingdom
b. Family c. Species d. Genus e. Phylum

6. The language used in taxonomy is

7. Directional behavior in plants is called a. Taxes b. Nasties
c. Instinct
d. Genetic e. Tropism
8. Nondirectional behavior in plants is called a. Taxes b.
Nasties c. Instinct d. Genetic e. Tropism
9. Behavior in animals is called a. Taxes b. Nasties c. 
Instinct
d. Genetic e. Tropism
10. The bee dance is an example of what kind of stimuli? a. 
chemical
b. visual c. sound d. learning e. instinct
11. Seducin is an example of what kind of stimuli? a. chemical
b. visual c. sound d. learning e. instinct
12. Bat and dolphin guidance systems are an example of what kind 
of stimuli? a. chemical b. visual c. sound d. learning
e. instinct
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Quiz, March 20, 1991 Name________________________ Team___________
Choose the one best answer. Circle the best answer(s).

1. It would be correct to say that: a. energy is created by
Chlorophyl A. b. the light energy is converted to chemical 
energy during photosynthesis.
c. Chlorophyl A is an accessory pigment. d. Chlorophyl A is 
found in the cell wall making the plant green.
2. Priestly discovered that plants consume only a tiny amount of 
soil so must have another source of food. True False
3. Noncyclic Photophosphorylation produces ATP. True False
4. Photolysis is a. The process whereby Chlorophyl A is ionized.
b. The process whereby light energy becomes chemical energy.
c. The process whereby a phosphate is added to ADP.
d. The process in which water is split into hydrogen and oxygen.
5. What does photoexcited mean? a. light hits chlorophyl A. b. 
light ionizes chlorophyl A. c. light raises Chlorophyl A to a 
higher energy state.
d. light energy is collected by the accessory pigments.
6. Which part of photosynthesis can be described as "light causes 
Chlorophyl A to ionize by sending off electrons in a controlled 
pathway that causes the energy of the electrons to be absorbed by 
combining two lower energy substances into a high energy 
phosphate compound".
a. Cyclic Photophosphorylation b. NonCyclic 
Photophosphorylation
c. Carbon dioxide fixation d. the Calvin Cycle
7. The function of NADP is: a. To act as an energy carrier
b. to act as a phosphate carrier c. to act as an accessory 
pigment d. to act as an H carrier.
8. In the Carbon Fixation cycle, Hydrogen from the noncyclic is 
combined with:
a. ADP b. ATP c. Carbon Dioxide d. electrons
9. The food produced is in the form of a. glucose b.
protein c. lipids
d. nucleotides
10. The source of the oxygen released is a. water 
photoexcitation
b. photolysis c. carbon dioxide fixation d. the stoma



QUIZ APRIL 15, 1991
1. Water is an example of a biotic factor. True or False
2. Temperature is an example of an abiotic factor. True or 
False.
3. What two concepts are represented in the food pyramid?

4. What is a lichen?

5. What is meant by a Climax Community?
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