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Community colleges serve the most diverse student populations in higher 

education. They consist of non-traditional, part-time, older, intermittent, and mobile 

students of different races, ethnic backgrounds, language preferences, physical and mental 

abilities, and learning style preferences. Students who are academically challenged may 

have diverse learning characteristics that are not compatible with the more traditional 

approaches to the delivery of instruction. With this need come new ways of solving the 

dilemma, such as Computer-aided Instruction (CAI). This case study investigated the use 

of CAI as a laboratory component of college-level biology in a small, rural community 

college setting. The intent was to begin to fill a void that seems to exist in the literature 

regarding the role of the faculty in the development and use of CAI. In particular, the 

investigator was seeking to understand the practice and its effectiveness, especially in 

helping the under prepared student. The case study approach was chosen to examine a 

specific phenomenon within a single institution. Ethnographic techniques, such as 
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interviewing, documentary analysis, life's experiences, and participant observations were 

used to collect data about the phenomena being studied. Results showed that the faculty 

was primarily self-motivated and self-taught in their use of CAI as a teaching and learning 

tool. The importance of faculty leadership and collegiality was evident. Findings showed 

the faculty confident that expectations of helping students who have difficulties with 

mathematical concepts have been met and that CAI is becoming the most valuable of 

learning tools. In a traditional college classroom, or practice, time is the constant 

(semesters) and competence is the variable. In the CAI laboratory time became the 

variable and competence the constant. The use of CAI also eliminated hazardous 

chemicals that were routinely used in the more traditional lab. Outcomes showed that 

annual savings from operations were realized after the initial capital investment for 

computer hardware and software were made. 
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An Investigative Study into the Effectiveness of Using 
Computer-Aided Instruction (CAI) as a Laboratory Component 

of College-Level Biology: A Case Study 

INTRODUCTION 

Community colleges face difficult challenges as they strive to meet the educational 

demands of the 21' century while in pursuit of a competitive, cost-effective approach. A 

top challenge from state and federal legislators directed to leaders in higher education is 

to improve education with fewer resources (cited in Murrell & Claxton, 1987). Publicly-

funded colleges are being pressured to justify their existing and future claims for fiscal 

support. The purpose of this research is to further investigate claims that computer-aided 

instruction, as a component of a college-level introductory biology laboratory, is one 

teaching method with the potential to meet today's educational and cost-effective 

objectives (cited in Gifford, 1993). According to a report from the League of Innovation 

in the Community College (1993), educators need to find new and more cost-efficient 

ways to deliver instruction rather than lowering standards. Computer-aided Instruction 

(CM) may be one of the most promising options for the delivery of instruction. 

However, educators may need more solid evidence to justify the investment in time and 

equipment required to use Computer-aided instruction as a tool for teaching and learning. 

Community colleges must meet the needs of the most diversepopulation in higher 

education, consisting of non-traditional, part-time, older, intermittent, and mobile 

students of different races, ethnic backgrounds, language preferences and learning styles. 
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In 1988, the American Association of Community and Junior Colleges (AACJC) 

Commission on the Future of Community Colleges emphasized teaching and instruction 

in the community college with the following goal statement: "The community college 

should be the nation's premier teaching institution" (cited in Smith, 1994, p. 205). Smith 

(1994) also cited that: "Thornton (1972) proclaimed instruction as the prime function and 

stated that it had to be better than the university because of the wider range of student 

abilities and their weaker academic records: [It is fair to say that most community college 

students are able to learn but are relatively unpracticed.]"(p. 206). Students who are 

academically challenged may have diverse learning characteristics that are not compatible 

with the traditional lecture approaches to instruction. Computer-aided instruction may 

offer these students another alternative to learning complex concepts. 

According to the research literature, computer technology has emerged as a 

promising vehicle through which students learn. Simultaneously, it is asserted that 

computer-aided instruction can give students an opportunity to become computer literate 

whether they plan to transfer for further academic studies or prepare directly for the 

workforce. Kulik, Kulik, & Cohen (1980) did a meta-analysis of more than fifty reports of 

the effectiveness of using computers in college-level instruction. The results of this study 

said that computer-based instruction was capable of a "small but significant contribution 

to the effectiveness of college teaching" (p. 537). A tremendous amount of progress has 

been made since that time, not only in computer hardware, but in the software applications 

that have been developed for use in education. Steinberg (1991) stated that computers are 

excellent vehicles for implementing established models of instruction (cited in Deere, 
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1993). Bruner (1971) said that instruction "must facilitate the exploration of alternatives 

. . . "(cited in Deere, 1993, p. 43). 

This study will contribute to the research literature by investigating how and why 

the faculty developed and implemented CAI and the effectiveness of using computer-aided 

instruction as a laboratory component of a college-level introductory biology course in a 

specific, small and rural community college. This will be accomplished by gaining the 

perceptions of the faculty and students using computer-aided instruction to replace the 

traditional biology laboratory activities. In addition, student achievement will be examined 

along with an analysis of the effective use of college resources. 

Historically, most of the research on the use of computers in education has focused 

on student performance when comparing a computer-aided instructional approach with a 

traditional one. The role of the instructor in the process may have been neglected (cited in 

Stephenson, 1992). Little research has been done on the effectiveness of using computer-

aided instruction with the diverse student population served by the community college 

with its open enrollment policy. The three community college instructors involved in this 

study teach the college-level Fundamentals of Biology. The instructors who participated 

in the study consisted of one tenured member of the college science faculty, an 

experienced adjunct science instructor, and a new adjunct instructor from the local high 

school. 

The students who participated in the study were enrolled in Biology 17 in the Fall 

of 1996 and Spring of 1997. The full-time tenured faculty member taught the one class 

section that was offered in the Fall Semester, with an enrollment of 96 students. 
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Students enrolled in the course that fall attended one lecture class and participated in one 

of three accompanying laboratory classes offered on various days and random times of the 

day. The laboratory classes were held in the wet lab that adjoins theMacintosh computer 

laboratory with twenty-five computers. One lab was overcrowded and some students had 

to work in pairs because there were not enough computer stations. During the 1997 

Spring Semester the Biology 17 courses were taught by the tenured faculty member and 

two adjunct instructors. Each of the three instructors taught one large lecture section and 

related laboratories of up to 25 students to accommodate the 153 students enrolled in the 

three sections. Two courses were offered during the day and one in the evening hours. 

Students in all of the classes involved in this case study used the same worksheets for the 

computer-aided instruction portion of the laboratory exercises. 

The research was conducted using the case study approach. Yin (1984) stated that, 

"case studies are the preferred strategy when 'how' or 'why' questions are being posed, 

when the investigator has little control over events, and when the focus is on a 

contemporary phenomenon within some real-life context" (p.1). This case study focuses 

on "how" and "why" the biology faculty chose computer-aided instruction to aid students 

in learning the fundamentals of biology. The setting is in the biology science laboratory at 

Mountain View College, a comprehensive community college in Northern California. 

Mountain View College has a campus of 250 acres situated in the foothills of the 

Sierra Nevada Mountains. Mountain View is an isolated college that serves three rural 

counties. The college, formed in 1968 during prosperous times in California's 

Community College system, is the only post secondary institution within 60 miles. As 
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increased demands were placed on local public services, the local property tax was 

increased to satisfy the needs. In 1978, a ballot proposition in California passed which 

limited the ability of local government to raise revenues through the property tax. As a 

result, budgets remained static or declined, and the funding for many local programs 

shifted to the state. The result was a financial crisis that hit developing colleges in rural 

areas the hardest. Rural community colleges must continually seek ways to be more 

cost-effective while maintaining quality instruction to serve more students with fewer 

resources. 

Mountain View College, one of two colleges in the California Gold Rush 

Community College District, is a comprehensive community college. The college is 

committed to the comprehensive community college mission. California law defines the 

community college mission to provide basic transfer programs for those students desiring 

to transfer to a four-year college or university and technical/occupational programs in 

preparation for immediate employment. The mission also includes job training or 

retraining, and a basic developmental or a remedial program designed to equip students 

with the skills necessary to succeed in a college-level program of studies. The legislation 

also authorizes community colleges to conduct non-credit community services programs 

on a fee basis. California community colleges offer the Associate of Arts and Associate of 

Science degrees. 

Nationally, community colleges are rapidly becoming an important component of 

higher education. Lorenzo (1994) suggests, in describing the strength of the community 

college system in the United States, that it is both a part of a national movement and a 
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series of local responses to national issues. He says the information revolution and the 

need for computer literacy is one of five sources of pressure on community colleges from 

business and government. 

The course involved in this study is a four-unit college-level biology course with 

three hours of lecture and three hours of laboratory. Fundamentals of Biology (Biology 

17) is an integrated lecture and laboratory course of study emphasizing the fundamental 

principles common to all forms of life. The course is a core biology class for Associate of 

Arts and Associate of Science Degree students at Mountain View College. Biology 17 

has been approved to articulate with similar biology courses at the University of California 

and California State Universities for students seeking the baccalaureate degree. The 

laboratory portion of the course uses both computer simulations and experimentation in a 

traditional laboratory (see Appendix A for Course Syllabus). 

Judith Boettcher (1995), Pennsylvania State University, in an article about 

classroom technology, describes computers as, "becoming part of the students' daily life --

part of the way they think, part of the way they work, part of the way they study and 

learn, and part of the way they communicate" (p. 11). Steinberg (1991) stated that 

computers are excellent vehicles for delivering established models of instruction. Deere 

(1993) described alternative teaching methods (CAI) as having great potential for use in 

the future as an educational tool to distribute information to the student. Deere references 

studies by Garrett & Ashford (1986), Niemiec, Samson, Weinstein, & Walberg (1987), 
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and Pazdernik & Walaszek (1983) to substantiate that computer-aided instruction has 

been widely tested and accepted as an effective method of learning (p. 53). 

Researchers Shaw and Okey (1985), and Zietsman & Hewson (1986), reported 

that computer-aided instruction produced positive effects on science achievement (cited 

in Burchfield,1995). However, results of other studies have varied. Burchfield (1995) 

references studies by Bourque & Carlson (1987) and Wainwright (1985), who found that 

computer-aided instruction had a negative impact on achievement. Choi & Gennaro 

(1987), Morrell (1992) and Ybarrondo (1984) reported that computer-aided instruction is 

at least as effective as traditional modes of instruction (cited in Burchfield, 1995). 

Researchers More & Ralph (1992) cited other studies showing that increased use 

of computers in college classes lessens the anxiety toward the use of computers and shows 

that a positive feeling toward learning occurs. They also said that students using 

computer-aided instruction courseware in a Biology Laboratory component of a course 

did gain significantly in the change between pretest and post test performance. 

This investigative case study focuses on the role of the college instructor in 

developing and implementing CAI and the effectiveness of this method of teaching and 

learning for specific components of a college-level introductory biology laboratory. The 

methodology included faculty interviews, a review of pertinent research, observations in 
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the classroom, gaining student opinions through student focus groups, student data and 

analyzing comparative cost data. 

Hypotheses of this Research 

Community college students in a small and rural college can be helped by using 

computer-aided instruction in biology laboratory classes, particularly under-prepared 

students. Students will become more familiar with computers and can better prepare 

themselves for further education or immediate employment. Computer-aided instruction 

will have a positive influence on students' learning about the more complex concepts of 

biology. Students will see how computer-aided instruction could be a positive experience 

that enhances the learning process and improves their chances for success. Computer-

aided instruction will also be a cost-effective way to deliver laboratory instructions once 

the initial capital investment is made. 

Purpose of this Study 

It is the purpose of this study to investigate how and why the faculty started CAI 

and the effectiveness of using CAI as a component of college-level biology laboratories. 

The study investigates student retention rates, student success rates, costs, and the 

perspective of the faculty and the traditional and non-traditional college student population 
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involved in the study at Mountain View College, a small and rural California community 

college. 

Research Questions that Guided this Study 

Literature review. 

1. What does the research literature reveal about the effectiveness of computer-

aided instruction in college classrooms and laboratories? 

Instructor's perceptions. 

2. How do community college biology instructors in a small and rural college 

perceive the use of computer-aided instruction? How did their background and 

experience impact their interest in computer-aided instruction? How were they motivated 

to pursue computer-aided instruction? How did they prepare to implement computer-

aided instruction: self-taught, staff development, or other method? Why did they choose 

to include certain components of the laboratory section and not others? What conflicts 

were incurred during the implementation of computer-aided instruction? What were the 

expectations of this teaching method? Have the expectations to improve student's 

learning been met? What recommendations would they offer to other instructors 
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beginning to implement computer-aided instruction? Does the faculty ascertain computer-

aided instruction to be cost-effective in the conduct of biology laboratory sessions? 

Question Two, was key to the research because it was intended to provide insight 

that might lead to a pattern of how computer-aided instruction was initially introduced, 

developed and implemented in a small and rural community college. 

Student's perceptions. 

Students attending the focus groups were asked key questions that were key to the 

research in order to provide further validation of whether or not faculty expectations for 

computer-aided instruction were being met. 

3. How did community college students perceive their experience in using 

computer -aided instruction in community college biology laboratories? How do students 

describe any experience(s) using computers, including any fear or apprehension? What do 

students like best about computer-aided instruction? What do students like least about 

computer-aided instruction? Do students experience less test anxiety because of 

computer -aided instruction? How do students interact with the instructor while 

experiencing computer-aided instruction? How do students interact with other students 

during computer-aided instruction? Was student learning enhanced by experiencing 

computer-aided instruction? Which type of instruction did college-level biology students 

perceive helped them perform better, computer-aided instruction or the components of the 
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course taught in the traditional laboratory method? How would students change the 

current laboratory methods of instruction for the Fundamentals of Biology? 

Student outcomes. 

4. How did student achievement records compare with those of students enrolled 

in the Fundamentals of Biology prior to the use of computer-aided instruction? How do 

the final grades of students who use computer-aided instruction compare with those of 

students enrolled in previous sections prior to the introduction of computer-aided 

instruction? How do student retention rates compare with those of students enrolled in 

previous sections prior to the introduction of computer -aided instruction? 

Cost analysis. 

5. How does the overall cost of computer-aided instruction compare with 

traditional forms of conducting community college biology laboratory studies? What was 

the capital outlay costs for establishing the CAI laboratory? How do laboratory expenses 

before CM compare with laboratory expenses after CAI was introduced? Did the role of 

the laboratory technician and those costs change once CM was implemented? 

Commentary 

This study has been accomplished by gaining the perceptions of the faculty and 

students using computer-aided instructions to replace hands-on biology laboratory 

activities. The study examined the evolutionary process that went into developing a 
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computer-aided method of teaching and learning. In addition, student achievement was 

examined, along with the effective use of college resources. 

Definitions and Terms 

Computer-aided instruction (CM). 

For purposes of this study computer-aided instruction refers to students working 

alone or in teams at a computer station to access information and manipulate information 

provided about the subject matter. This form of instruction is referred to in the research 

literature under other terms including Computer-based Training (CBT), Computer-

assisted Instruction (CAI), technology-mediated instruction and expert systems. Many 

acronyms and identifiers not mentioned here are used among the experts. The following is 

Bernard Gifford's (1993) description of using computers for instructional purposes: 

Computers can generate a personalized textbook - -all at once or one 
unit at a time. The readability of the text- -its vocabulary and the 
complexity of its sentence structure--can be geared to a student's 
comprehension level. The sequencing of the material it presents, 
the emphases, the pace, the exercise, and even the tone 
can be adjusted to match an individual's learning profile 
(Gifford, 1993, p. 4). 

Students using computer-aided instruction as a component of a biology laboratory 

in this case study have access to an individual computer station to view courseware, 

respond to organized tasks, and obtain immediate feedback. Sometimes students work in 

pairs or in groups. Computer-aided instruction has been described as student-centric 

versus instructor-centric and is designed to replace traditional hands-on experiential 
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laboratory components of the course content. Bork (1984) said that the interactive nature 

of computers lets students work at their own speed, figure things out for themselves and 

learn from each other. Students can assume more responsibility for their own learning and 

teachers can function as facilitators of student learning. 

Non-traditional students. 

For purposes of this study, the term non-traditional students refers to students over 

the age of 24 years who are independent and may have dependents of their own. 

Traditional students. 

For purposes of this study, traditional student defines students between the ages of 

18 and 24 years, dependent upon the support of a parent(s) or guardian. 

Small and rural community college. 

For purposes of this study the term "small and rural community college" means a 

college that serves several sparsely populated counties of 25-50,000, which is isolated 

because of the terrain and lacks timely access to educational resources and other post 

secondary institutions. 

Academically challenged. 

For purposes of this study, academically challenged means students that have 

one or more of the following disabilities: mobility, visual, hearing, speech and 
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language, learning, developmental delay, brain injury, psychological or other health 

problems. 

Effectiveness. 

For purposes of this study, effectiveness means producing a decided and desired, 

decisive effect (cited in Webster's Ninth New Collegiate Dictionary, 1990, p. 397). 

Expert systems 

For purposes of this study, Expert Systems means artificial intelligence that can be 

in the form of tutorial systems or advisors for modeling and the more constructivist, 

learner-controlled applications to support higher order learning. (Jonassen et al., 1993) 

field dependence. 

For purposes of this study, the term Field Dependence means a cognitive learning 

style where the learner must rely upon external referents or guidance in developing 

learning strategies (cited in Yoon, 1994, p 359). This type of preference is often served 

best by tutorials. 

Field independence. 

For purposes of this study, Field Independence refers to a cognitive learning style 

where the learner generally relies upon internal referents for support in developing a 
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learning strategy. This style preference is learner-controlled and learner-oriented 

applications of CAI. 

Learner control. 

For purposes of this study, Learner Control describes one of three different views 

of individualized instruction, along with program control and learner control with 

advisement, it gives more control over the learning situation to the student. The student 

may control the sequencing of content, amount of practice, pace, depth of study, 

feedback, and exiting of instruction. 

Learner control with advisement. 

For purposes of this study, Learner Control with Advisement refers to some added 

form of advisement or coaching to a learner control program. 

Program control. 

For purposes of this study, Program Control describes students using computer 

program control that involves a predetermined sequence of instruction organized in a 
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hierarchical structure, proposed by Skinner (1958), with no opportunity to vary 

instruction, and only minor control, if any, in the program (cited in Yoon, 1994, p. 357). 

Mediated learning. 

For purposes of this study, Mediated Learning refers to learning experiences 

for students in a variety of formats that are technology-based, such as: "text, hypertext, 

graphics, animation, simulation, visualization, audio and full-motion video" (cited in 

Gifford, 1993, p. 6). 

Resources. 

For purposes of this study, resources mean assets including money, time, facility 

use, and the environment (cited in American Heritage Dictionary, 1989, p. 586). 

Traditional method of instruction. 

For purposes of this study, traditional method of instruction involved having 

students participate in hands-on biology experiments in the wet laboratory. 

Limitations of this Study 

The outcome of this study was predicated on the assumption that the setting is 

somewhat unique. The faculty may have been biased in favor of computer-aided 

instruction. As the vice president of the institution since July 1993, the researcher was a 

participant-observer in the study that may have influenced the interpretation of the data 
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because of experiences. Generalizations are tentative because they were limited by the 

small population examined. This case study was based upon data gathered from the actors 

participating in the computer-aided components of biology laboratory classes in one small, 

rural community college involving 249 students. 

An Out]. e of this Study 

This case study investigates how the faculty and staff in a small and rural California 

community college initiated a new approach to learning the complex concepts of college-

level introductory biology by using computer-aided instruction. Most research on the use 

of computers in post secondary education to-date has focused on student performance 

when comparing a computer-aided instructional approach with a traditional one. These 

studies involved a traditional college or post secondary population. 

The introduction of this case study begins with an outline of the problem that 

contributed to the need for the case study and a brief history and description of the setting 

in which the study took place. A synthesis of research is presented in the second chapter 

that concerns the inquiry and provides a reason for adding to the existing knowledge base. 

In the third chapter the design of the study, its population, data collection method, and 

method of analysis are evidenced. The fourth chapter shows the case study findings by 

contributing examples, analysis, data, and narratives. A summary and conclusions are 
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provided with primary answers to the research questions and an in-depth analysis with 

recommendations for further research from the perspective of the researcher. 

Importance of this Study 

The California Community College system exemplifies the role ofcommunity 

colleges as the largest post secondary system in the world, involving 1.34 million 

students enrolled in 106 community colleges. This figure represents 73% of the entire 

student population attending a state institution of higher education (Community College 

League of California, 1996). The post secondary education in California is facing financial 

crisis as law enforcement, health and welfare vie for the same tax dollars. The "mission" 

of the community colleges in California has changed over time from a junior college, with 

emphasis on the liberal arts university parallel programs, to its current development as a 

comprehensive educational institution, with equal emphasis to the liberal arts and 

occupational programs. California community colleges continue to offer open enrollment, 

thus serving those students with varying abilities and weaker academic records. A primary 

mission and continued challenge of the California community colleges are successfully 

meeting the needs of this diverse student population. 
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LITERATURE REVIEW 

A Survey of the Research on Computer-aided Instruction and Learning 

Ehrmann (1995), in an article about technology and higher learning, posed a 

question about computer research and what it has told us about technology and higher 

learning. He challenged educators to define terms accurately such as "traditional 

methods," which is most often used in comparison with methods using computer-aided 

instruction. Ehrmann declared that asking questions comparing the two methods assumes 

that "education operates something like a machine, and that each college is a slightly 

different version of the same 'ideal' machine" (p.20-21). Ehrmann's remarks raise an 

interesting concern, since most of the research examined in this study involved 

comparing the "traditional method" with one that uses computer-aided instruction or other 

forms of mediated learning. 

The Software Producers Association's (SPA) Report on the "Effectiveness of 

Technology in Schools" (1990-1994), summarized 133 studies. They found that 

technology "clearly boosted student achievement, improved student attitudes and self-

concept, and enhanced the quality of student-teacher relationships (cited in Reinhardt, 

1995, p. 52)." 

Gwan-Sik Yoon (1994) conducted a study investigating the effects on achievement 

using computer-aided instruction. The study was based on two different types of 
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instructional control strategies, combining program control and learner control with 

advisement, and the other a cognitive style (Field Independence and Field Dependence). 

Yoon used computer-based drill and practice programs in teaching selected arithmetic 

skills to Korean elementary students. Results of the study validated an earlier argument 

that when students with a preference for field dependence are provided program control 

and learner control with advisement instead of learner control only, their learning is 

enhanced. Learning was also enhanced when students with field independence used an 

application that favored their learning preferences of learner control and learner control 

with advisement instead of program control. Yoon's study used students' learning style 

preference to measure various methods of teaching computer-assisted instruction. 

However, the students were in the lower elementary grades and may not be an appropriate 

population comparison for this case study. 

Jonassen, Wilson, Wang and Grabinger (1993) support the Constructivist 

approaches in the use of expert systems to help students learn. The Constructivist 

believes the learner controls outcomes, content, context, and sequence as opposed to 

system controlled outcomes, sequence, and learner interaction. The latter are considered 

an Objectivist approaches. Jonassen (1991) described the two philosophical orientations 

as follows: 

Objectivists beliefs assume that the world is a real entity, that is  
structured, and that its structure can be modeled for, and acquired  
by, the learner. Constructivism on the other hand, believes that  
reality is determined by the knower, that it is the result of human  
mental activity and that the structure of that reality is determined  
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by the experiences and interpretations of the knower (cited in 
Jonassen et al., 1993, p. 87). 

The following describes two out of five contrasting approaches, as described by Jonassen 

et al. in designing expert systems for instruction. Expert systems as advisors, which 

captures expertise and makes it available to the learner with system controlled outcomes, 

sequenced, with learner interaction, is best described as an Objectivist approach. Expert 

systems as cognitive study tools, with outcomes, content, context, and sequence 

controlled by the learner to construct knowledge, are best described as a Constructivist 

approaches to expert systems. Jonassen et al. believed that Constructivist uses of expert 

systems are more engaging for learners because they help learners reflect upon their 

knowledge and understanding. 

Intelligent Tutoring Systems (ITS) is a form of computer-assisted instruction that 

consists of an expert model, a student model, a tutor with varying strategies, and a 

knowledge base of information to be tutored. Jonassen et al. (1993) asserted that the 

individuals who benefit the most are the designers of the system, rather than the people for 

whom the system was created. They recommend more association with context-sensitive 

instructional strategies. Gagne (1977) said that appropriate feedback confirms the 

expectancy of the learner, directs attention to relevant production factors, and stimulates 

recall of relevant skills and knowledge (cited in Jonassen et al, 1993). Hillman (1970) 

found that a group receiving immediate feedback through self-scoring showed 
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considerably more improvement on a standard test than a group receiving delayed, 

external feedback (cited in Jonassen et al, 1993). 

Jonassen et al. (1993) attest that the use of expert systems for guiding students 

through a self-evaluation tends more toward a Constructivist's application of expert 

systems. They pointed out that expert systems provide an instructional method that places 

the responsibility for learning on the student, an important factor as we strive to develop 

self-directed, lifelong learners. 

Schon (1983) distinguished two different styles of thinking - thinking in action and 

thinking on action: 

In his day to day practice (the professional) makes innumerable  
judgments of quality for which he cannot state adequate criteria,  
and he displays skills for which he cannot state rules and  
procedures. Even when he makes conscious use of research-based  
theories and techniques, he is dependent on tacit recognitions,  
judgments, and skillful performances (cited by Jonassen, et al, 1993,  
p. 50) 

The learner may use expert systems as tools for reflecting on his or her thinking processes. 

The variables that can be taken into consideration are prior knowledge, preferred learning 

style, time available, difficulty of task and comfort and energy level. Expert systems 

can be a potentially powerful tool for engaging learners in meta-cognitive reasoning. 

Researchers say that learning with technologies amplifies the learner's cognitive processes. 

In earlier studies, Jonassen and Wang (1991) said that ongoing research is providing 

additional empirical support for the hypothesis that building expert systems engages 

and improves cognitive and meta-cognitive processing (cited in Jonassen, et al, 1993). 

Jonassen et al. expostulated for the validity and utility of more Constructivist, 
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learner-controlled and learner-oriented applications of expert systems to engage learners in 

deep level processing. 

Gary McI. Boyd and P. David Mitchell (1992) studied a new and different 

architecture for Intelligent Computer-Aided Learning (ICAL) support systems. They 

considered specific learner characteristics including aspirations, expectations and cognitive 

style as elements of intelligent CAL student models. They state, "little is known yet about 

the moment-by-moment variability of many important learner characteristics, an intelligent 

CAL system is arguably a better laboratory for studying them" (p.23). 

McI. Boyd and Mitchell said that ICAL should be centered on the learner and 

learning-conversation not on the subject-matter. ICAL support systems need to know 

more about the student than just what mistakes the student makes and which false rules 

may have been used to generate those mistakes. They ask basic questions, such as "What 

does a good human tutor need to know about each student to cooperatively plan and steer 

a conversational lesson?" Pask (1984) said those most intelligent tutoring systems (ITS) 

may be portrayed by subject-matter mania (cited in McI. Boyd & Mitchell, 1992). McI. 

Boyd and Mitchell asserted that we need to know which personae the student will be 

engaged in during communicative exchange now. They stress the importance of the 

students' expectations, their current knowledge and skill of the domain, and beliefs about 

the subject matter. They go on to say that the students' sense of time is important which 
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relates to reflective versus impulsive personality type. Lansky (1990) developed a 

measurement to diagnose this trait (cited in McI. Boyd & Mitchell, 1992). 

McI. Boyd and Mitchell decided that more research is needed to clarify the 

student's model of the tutor and the learning style traits of the student. They suggest 

"info-maps" invented by Jaworski (1990) to dispel the student's belief of whether the tutor 

is too wise or rather dumb. They recommend that CAL systems' planners work with 

educational psychologists and educational technologists who have studied learner 

attributes and conversation theory when designing intelligent CAL systems for tutoring. 

A Survey of Research on Perceptions of the Faculty and Students using CAI 

Chin and Hortin (1993) determined that technology changed teachers' roles from a 

centralized position to that of a decentralized position (p. 83). They examined factors that 

caused teachers to use or not use technology in their classroom and made suggestions for 

in-service training in technology. They identified administrative support, time allocated 

for in-service and a reward system for staff development as three means to accomplish 

better faculty attitudes about technology. 

California conducted a statewide survey (1989) that revealed four major obstacles 

to increasing the use of educational technology: (1) lack of funds, (2) lack of in-service 

training, reliable trainers, and time, (3) limited or inadequate facilities and equipment, and 

(4) teachers' attitudes and discomfort with technology. Ken's report (1991) said that 

teachers consider themselves as educators first and that technology use is not a first 

priority in teaching (cited in Chin & Hortin, 1993). Chin and Horton found that the 
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support provided by administrators played a definite role in the successful change on the 

part of teachers. Gilbert (1995) describes the dilemma faculty face in developing new 

approaches to teaching and learning: 

A faculty member cannot adopt a combination of new teaching 
approach, application of technology, and instructional materials as 
easily as picking a new textbook for a course. There is no longer 
any single comprehensive source of information about relevant 
instructional materials (including what might be found on the 
Internet) for most courses. Even if the faculty member could obtain 
a "review copy," no one knows how to skim and evaluate as a 
potential instructional asset, an electronic item, in the same way 
that a book or article can be quickly reviewed (p. 16). 

As a form of rebuttal regarding available resources, researchers need to be recognized for 

their contribution to the information that is available today on computer-aided instruction 

and various software. Researchers have provided both the positive and negative aspects, 

and types of appropriate teaching and learning techniques. 

Tjaden & Martin (1995) studied the learning effects of computer-aided instruction 

on college students. They concluded that students need direction from and interaction 

with an instructor for introduction to topics and question and answer periods. The results 

of their study showed that 71% of the student participants preferred computer-aided 

instruction to a lecturer. However, the two highest achievers and the two lowest 

achievers preferred the instructor for lecture and tutorial. These findings support earlier 

research by Hardiman and Williams (1990) and Spencer (1990) saying that both very 
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bright and very poor academic students benefit from an instructor while the average 

student does just as well with alternative teaching methods (cited in Tjaden, et al.). 

Gardner, Discenza and Dukes (1993) studied available scales for measuring 

attitudes toward computers. The study was believed to be the first to compare four 

available measures of computer attitudes in one large heterogeneous sample. Four 

computer attitude instruments were used: (1) ATC (Attitudes Towards Computers, (2) 

CAS (Computer Attitude Scale, (3) Computer-aided instruction (Computer Anxiety 

Index, and BELCAT (Blomberg-Lowery Computer Attitude). Gardner et al. concluded 

that each instrument would give the researcher reasonably valid, reliable measurements of 

the constructs of interest. None of these instruments were used for purposes of this case 

study because the research questions were much broader than student attitudes about 

computers. 

A Survey of Research in Computer-aided Instruction Science Domains 

Daniel More & Charles L. Ralph (1992) at Colorado State University, Fort 

Collins, completed a study on whether computer-based learning for a first-year biology 

class was superior or inferior to other modes. One-half of the class was placed in a 

traditional hands-on laboratory for two hours per week and the other half was placed in a 

Macintosh computer laboratory to view courseware for the same period. The data 

showed that the group utilizing courseware for the laboratory component of the course 

did gain significantly in the change between pretest and post test performance although the 

courseware group had a lower mean score on the pretest. The student participants (184) 
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were made up of 123 first-year, 41 sophomores, 7 juniors, 10 seniors, and 3 graduate 

students. 

Lu (1993) praised Lewis Kleinsmith, University of Michigan Biology Department, 

for his national award (1988) winning computer-based Biology Student Center as a fine 

example of how drill/practice and tutorial computer-based education (CBE) can be 

effectively used to help learners. Study centers are currently in use in 12 high schools in 

Washtenaw County, five public schools in Detroit, and at the University of Michigan. 

Students can strengthen their conceptual understanding of biological concepts (cited in 

Lu, 1993, p. 21). Kleinsmith developed drill/practice programs to assist in understanding 

the concepts learned in lecture, laboratory, text, and animated tutorial. Lu describes the 

center as a well-designed system that requires learners to apply their knowledge of 

biological concepts and to analyze the information. 

Iowa State University (1990-1991) redesigned their undergraduate core biology 

curriculum and integrated a variety of ways to use technology in instruction. They created 

a facility with 55 Macintosh stations and 21 DOS machines that remains open 60 hours 

per week. The project received financial support through outside sources. Computer files 

are stored in a central departmental server and are customized for easy use in lectures and 

in computer labs. The computer-aided instruction has evolved as the faculty began to ask 

why students had difficulty in introductory biology. They were seeking a way to allow 

their students to review materials, especially diagrams and pictures. The images are stored 

on a 2.4 GB hard drive, connected to a restricted server computer that is network 

accessible 24 hours per day, seven days per week. An instructional coordinator, Mark 
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Windschitl (1995) said that the new technologies had forced them to reexamine what, for 

decades, has been the norm in how we communicate with students. He praises computer-

aided instruction as, "a highly effective design for productive and powerful learning" 

(cited in Syllabus, 1995, 9, 2, p. 28). 

Jones (1994) asserted that if students are given the opportunity to view a given 

body of knowledge from many different perspectives they can develop a good 

understanding of the relationships among concepts. Dershimer, Wurman, Nowak, 

Saunders, Berger, and Rasmussen (1993) investigated how students navigate through a 

multimedia system by examining the paths students take through a web of information 

(cited in Jones, 1994). They wanted to see if students move toward a common 

instructional goal using a hypermedia environment, "Seeing Through Chemistry." This 

software is designed for introductory chemistry using video, animations and experimental 

simulations with text and pictures. Students are given four types of questions to promote 

inquiry-based learning. Inquiry hints are given to students who lack prior knowledge. A 

guide feature assists students who need further help in formulating an answer. This type 

of information-gathering is consistent with the cognitive flexibility upon which this 

software is based. The intent of the designers is to allow students to develop qualitative 

reasoning capabilities by developing rich conceptual understanding of the structure of the 

topic. In her conclusion, Jones states that, "In general, we need to take a three-pronged 

approach to research, examining both student learning [on quantifiable scales and through 

interpretive research of individuals' experiences], effects on teachers and classrooms, and 
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the value of various media types for making unique contributions to the development of 

conceptual understanding" (p. 143). 

A Survey of Research Comparing Student Success With or Without the Use of 
Computer-aided Instruction 

In a study mentioned earlier by Tjaden and Martin (1995) they found that there did 

not appear to be any significant difference in learning whether the lecture was followed by 

examples on the computer or with traditional overheads. The difference in time was 

significant with a savings of 38% on the average. 

Stanley D. Stephenson (1992) studied the impact of instructor-student interaction 

when students worked Computer-Based Training (CBT) in pairs. Results showed that 

instructor interaction does not effect achievement when subjects worked CBT in pairs. 

The dyad partner seemed to provide the feedback, support, and social facilitation usually 

provided by the instructor. McCombs & Buck & West (1984) in a variety of CBT courses 

found two factors that were critical to student performance: (1) adequate opportunities for 

student-instructor interactions, and (2) the incorporation of group activities with 

individualized training. Stephenson manipulated this variable when he conducted his study 

working CBT in dyads (pairs). 

Bruner (1960) asserted that teaching emphasizes the structure of a subject, and is 

probably more valuable for the less-gifted student than for the gifted student (cited in 

Deere, 1993). Bruner also said that computer-aided instructional programs, structured or 

sequenced, can be used as a method of instruction for an intellectually diverse group of 
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students (cited in Deere, 1993). Gagne, Briggs, and Wager (1988) proposed that 

instructional designers should identify learning characteristics that are common to all 

students and once these characteristics are identified, provide an instructional design that 

is compatible to these variations (cited in Deere, 1993). 

In a study closely related to the present study, Hajdukiewica (1991) studied the 

use of computer software to assist students who needed remedial mathematics. The study 

was part of Project Synergy: Software Report for Under- Represented Students, 

conducted at Miami-Dade Community College. Students in the computer-assisted 

experimental group showed significant gain scores between pre and post departmental 

tests. However, the study was designed loosely and several variables would have to be 

taken into consideration before forming any judgments. 

Rieber (1991) studied the effects of visual grouping strategies involving animated 

and static graphic presentations on learning. He also studied the ability of students to 

learn a scientific rule when an animated sequence is introduced incidentally in the lesson. 

The population in the study consisted of 39 fourth graders. The scientific lesson content 

used for the study was Newton's laws of motion. Results of the study showed that 

students given animated presentations of lesson content outperformed students receiving 

static presentations. Rieber demonstrated the fragile influence that animated visuals exert 

on learning. He asserted that well designed visuals can be subverted when students' 

attention is not sharply focused. 

Stanley D. Stephenson (1992) studied the impact of instructor-student interaction 

when students worked Computer-Based Training (CBT) in pairs. Results showed that 
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instructor interaction does not effect achievement when subjects worked CBT in pairs. 

The dyad partner seemed to provide the feedback, support, and social facilitation usually 

provided by the instructor. McCombs & Buck & West (1984) in a variety of CBT courses 

found two factors that were critical to student performance: (1) adequate opportunities for 

student-instructor interactions, and (2) the incorporation of group activities with 

individualized training. Stephenson manipulated this variable when he conducted his study 

working CBT in dyads. 

Diane M. Bunce, recipient of the 1995 Society for College Science Teachers --

Kendall-Hunt Outstanding Undergraduate Science Teacher Award, asserted that, 

"Students are not easily able to access their knowledge or even properly encode it in 

memory if it is unconnected both to their past experience and to other concepts in the 

course . . ." (p. 169). She goes on to say that if the student sees how concepts interact 

and support each other the knowledge becomes easier for them to access. Bunce 

advocates a spiral curriculum approach helping the student to become a participant in their 

own learning, not merely recipients. She talks about changing our approach to teaching, 

helping students use their natural curiosity of how things work. 

The question continues to be raised among educators about the importance of 

using technology as a teaching tool. Lads (1990) stressed the importance of computer 

literacy for college graduates entering the workforce and promoted computer experiences 

in every discipline and in every classroom (cited by Mary Ryan, 1994). Ryan (1994) said 
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that colleges need to make use of technology to prepare the future workforce in remedial 

reading and writing. 

A Survey of Research on Computer-aided Instruction as it Relates to the Effective 
Allocation of Institutional Resources 

Phelan (1994) asserts that the comprehensive community college is no longer 

economically viable, with the preeminence of accountability and declining funding at both 

the federal and state levels. Chief executives, board members, administrators, faculty, and 

staff need to reevaluate their institutional purpose to provide educational services to the 

entire community at a low cost with open access. 

Reinhardt (1995) stated that technology expense data in higher education are hard 

to find. However, he reports that IBM Academic Consulting credits education at all levels 

with spending more than $6 billion on computer technology in 1994. 

Ehrtnatin (1995) stated that most colleges are looking at a "triple challenge of 

outcomes, accessibility, and costs" (p. 24). He sees no evidence that most institutions can 

meet this triple challenge without the substantial use of computers, video, and 

telecommunications. 

Research on the use of computer-aided instruction in community colleges is very 

sparse. This case study will add to the body of knowledge by providing a small, rural 

community college perspective from an administrative vantage point. This was 

accomplished by investigating how the faculty with limited resources developed and 

implemented computer-aided instruction to help meet the needs of a diverse student 
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population, often lacking necessary prerequisites, to succeed in learning the complex 

concepts of biology. Chief executives, board members, administrators, faculty members, 

and staff need to reevaluate their institutional purpose to provide educational services to 

the entire community at a low cost with open access. 
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PROCEDURES AND METHODOLOGY 

The primary purpose of this study was to contribute to the research literature by 

investigating the effectiveness of using computer-aided instruction as part of the 

laboratory component of college-level biology classes involving traditional and 

non-traditional community college students in a small and rural community college. In 

order to accomplish this goal, the Case Study research method was chosen. 

Research Method 

The case study approach was chosen because the focus of the investigation was 

conducted within what Smith (1978) referred to as a "bounded system" (cited in Merriam, 

1988, p. 9). The study was an examination of a specific phenomenon within a single 

institution where the researcher was primarily interested in insight, discovery, and 

interpretation. Stake (1981) stated that since a case study is based more on reference 

populations determined by the reader, the reader participates in extending any 

generalizations to reference populations (cited in Merriam, 1988). Historically, most 

research reviewed on computer-aided instruction, as stated earlier, was quantitative using 

control group methods to compare student success rates using either computer-aided 

instruction, or the traditional method, or a combination of both. The philosophical 

assumptions for this study are qualitative rather than quantitative, following the type of 
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inquiry that Merriam (1988) described as inductive by focusing on process, understanding, 

and interpretation, rather than deductive and experimental. Merriam (1988) describes the 

qualitative approach to research as trying to develop a depth of understanding and 

meaning of an experience. The researcher observes, intuits, and senses what is occurring 

in its natural setting. Kenny and Grotelueschen (1980) suggested viewing the case study 

"as historical explanation in situationally specific settings" (cited in Merriam, 1988, p. 21). 

Type of Case Study Theory 

The investigator's theoretical orientation, for purposes of this study, combined 

historiography in the use of primary source material and substantive theory. The use of 

these two theoretical approaches is best explained by Eckstein (1979) who described using 

theory in case study research, "as a catalytic element in the unfolding of theoretical 

knowledge" (cited in Merriam, 1988, p. 57). 

Historical case study theory is used when describing a practice, such as the use of 

computer-aided instruction in the classroom, and how it has evolved over time. 

Substantive theory described by Glaser and Strauss (1967) is grounded in the empirical 

world, derived from practice and is in turn suitable for practical real-life situations. 

Substantive theory is prevalent in applied fields of education and is restricted to particular 

settings, groups, times, populations, or problems (cited in Merriam, 1988, p. 57). 

Ethnographic techniques, such as interviewing, documentary analysis, life's 

experiences, and participant observations were used to collect data about the phenomena 

being studied. A primary interest of the researcher in conducting this study, in its natural 
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setting, was to find out how the faculty implemented computer-aided instruction as a new 

learning tool for students and what meaning this new approach had for them and for the 

students. 

Intent of the Case Study 

The intent of this case study was to begin to fill a void that seems to exist in the 

literature regarding the role of the faculty in the development and implementation of 

computer-aided instruction, particularly working with diverse, often under-prepared, 

community college students. The investigator was seeking to understand how and why 

the faculty used computer-aided instruction and its effectiveness. This study investigated 

the entire process of introducing a new technology [computer-aided instruction] from the 

embryonic stage to the young adult stages of its current implementation. 

Merriam (1988) said that "case studies illuminate the reader's understanding of the 

phenomenon under study" (p. 13). Stake (1981) said case study knowledge is 

more concrete, more contextual, more developed by reader interpretation bringing their 

own experience and understanding (cited in Merriam, 1988). 

Descriptive in nature, this case study seeks to give practitioners and learners a 

general approach to issues on teaching and learning biology using computer-aided 

instruction in laboratory experiences. Qualitative research assumes multiple realities 

according to Merriam (1988). She says that the world is not an objective entity, but a 

function of personal interaction and perception. Borg (1993) asserted that case studies 

are being conducted more frequently in education as researchers have become more 
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interested in studying complex educational phenomena in their natural context (cited by 

Merriam, 1993). 

Computer-aided instruction (CAI), as a tool for teaching laboratory components of 

the Fundamentals of Biology (see Appendix B for Course outline), is the primary unit of 

analysis, taught by three different instructors during the Fall and Spring Semesters (1996-

1997). This case study was comprehensive and examined the perspective of different 

actors, the faculty and their students. Merriam (1988) said, "case studies of a descriptive 

nature can cover many years and describe how the preceding decades led to a situation" 

(p. 14). Yin (1984) ascertains that case studies rely on many of the same techniques as in 

history using the addition of two sources of evidence, direct observations and systematic 

interviewing. This case study includes a full body of evidence including: documents, 

artifacts, interviews, and observations. 

Case Study Population 

The three faculty participants in this study consisted of a tenured veteran member 

of the science faculty who was the initial developer and implementor of the CAI lab 

exercises, an experienced adjunct science instructor, and a new adjunct instructor with 

high school level biology teaching experience and no prior experience using computer-

aided instruction as a teaching tool. Each faculty member met or exceeded the California 

minimum qualifications for teaching biology (Master's Degree in Biology). Each of 
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these three instructors participated in a 90 minute (more or less) private interview 

conducted by the researcher. All three instructors used computer-aided instruction as a 

component for the same laboratory exercises, using the same worksheet formats, for both 

semesters. 

The numbers of students indicated in Tables 1 and 2 are larger than the student 

population that made up the case study. These tables include instructor drops for students 

who did not attend the class and "no penalty" drops by the students themselves. Records 

Table 1 

Summary of Age Groups for Biology 17 - Fall Semester 1996 

Age Number Percentage 

Under 19 2 1% 

19 - 24 79 58% 

25 - 34 19 14% 

35 - 54 36 26% 

1 1%55 Plus 

137 100%Total 

used to establish this data indicated 318 students initially registered that fall and winter 

semesters (1996-1997) in a section of Fundamentals of Biology (BIOL 17) at Mountain 

View College. Table 1 shows that more than 1 out of 3 students enrolled in the classes 

were non-traditional, older students above the age of 25. Table 2 also indicates a 
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higher percentage of traditional students. Table 2, shows that 1 out of 4 students enrolled 

in the classes were non-traditional students. It was interesting to note, when combining 

the enrollments from the fall and spring semester, that at a minimum 1 out of 3 students 

participating in this study were above the age of 25, with 27% of the students 35 years of 

age and older in the Fall 1996 and 12% in Spring 1997. 

Table 2 

Summary of Age Groups for Biology 17  
Spring Semester 1997  

Age Number Percentage 

8 4%Under 19 

19 - 24 126 70% 

26 14%25 - 34 

12%35 - 54 21 

0%55 Plus 0 

100%Total 181 

Table 3, shows that the percentage of women enrolled in the Fall 1996 semester in 

Biology 17 was double that of the male population. This trend continued in the Spring 

1997 with a slightly lower percentage of female students. These percentages were not 

reflective of the overall student population which showed a slightly higher female 

enrollment during the daytime hours and a slightly higher male enrollment in classes 
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offered during the evening hours. The high number of female students may be attributed 

to the pre nursing students, a field that is predominantly female. 

Student gender and CAI was not investigated as a separate part of this case study. 

Student age and gender information was developed from student records. 

Table 3  
Summary of Gender Groups for Biology 17  

Fall Semester 1996 and Spring Semester 1997  

Gender No. Students Percentage No. Students Percentage  
Fall 1996 Spring 1997  

39%Male 44 32% 71 

Female 93 68% 110 61% 

Total 137 100% 181 100% 

The above mentioned instructors and students made up the sample population for 

the observations. The student population were invited to participate on a voluntary basis in 

a peer focus group to share their experiences. All faculty and students involved in the field 

study were informed prior to participation. The local college board of trustees and 

chancellor gave prior approval for the research activities. The process, from beginning to 

the end, adhered to the local institutional requirements. No student consent forms were 

required because the student population was studied as a whole, looking for patterns as 

opposed to individual perceptions and performance. Therefore, students remained 
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anonymous throughout the study and all activities followed the guidelines for the 

protection of human subjects. 

Classroom Environment 

The computer-aided instruction components of the biology laboratory sections 

were held in the Macintosh computer laboratory adjacent to the wet laboratorywhere all 

other components of the laboratory sections were held. Students had only to walk from 

one room to the other without leaving the building. The computer laboratory was 

equipped with twenty-five computer stations, in horizontal rows with an aisle in the 

center. The stations on the end of each row, nearest to the aisles, were designed to be 

accessed by students in wheelchairs. The space in the room was limited and no additional 

space remained available for any future expansion (see Appendix C Lab Prep Room 9). 

All computer stations faced the front of the room which was nearest the double doors to 

the adjacent wet lab. In the front of the Macintosh laboratory, a white board was mounted 

on the wall so that the instructor could explain concepts and jot down pertinent 

information as questions were answered. The instructor was in the laboratory at all times 

and was available to answer student questions. All three instructors made themselves 

available to students outside the allotted classroom time frames. 

Analysis of Data 

The analysis of information in this case study was triangulated by comparing and 

analyzing the faculty interview data with the information gathered from the student focus 
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groups and correlating that with the student records and classroom observations. Guba 

and Lincoln (1981) discuss establishing structural corroboration as means for 

improving the credibility of evaluation findings (cited in Mathison, 1986, p. 1). The 

following methods were used to improve the validity of this case study: Faculty 

Interviews, Classroom Observations, Data Collection, Student Focus Groups, and 

Artifacts, as described on the following pages. 

Faculty Interviews 

Ninety minute interviews (more or less depending on the experience level of the 

faculty) were conducted with each of the three faculty members. These interviews 

addressed the content of the research questions as described in the introduction. The 

conversation revolved around his or her perception of the use of computer-aided 

instruction and the role their background and experience might have played in influencing 

their perception. They were asked to identify the motivating factors and the process used 

in preparing to implement computer-aided instruction. The question of why components 

of the laboratory section were not aided by computers was asked. They were each 

interviewed about any conflicts that may have incurred during the implementation of 

computer-aided instruction. Were the instructors' expectations of this teaching method 

addressed and had those expectations been met? Instructors described their perceptions 

of the cost-effectiveness of computer-aided instruction. The interviews culminated 

when each instructor was asked to make any recommendations that might help other 
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practitioners. Field notes were developed immediately after the interviews to capture the 

content of the interview as accurately as possible. 

Classroom Observations 

The researcher observed each of the three instructors during laboratory sessions 

that specifically used computer-aided instruction as the mode of subject matter delivery. 

Classroom activities were observed from just outside the double doors that lead to the 

Macintosh laboratory. The observer was able to view the entire class from that vantage 

point. The following components of the laboratory content were taught using computer-

aided instruction: Exploring Ecology, Population Growth, Population Interactions, 

Exploring Genetics, the Dihybrid (Two-Gene Cross), and Sex Linkage. Each student was 

given worksheets to complete for each of the components (see Appendix D for Computer 

Lab Worksheets). Students were informed before the observation study. The researcher-

observer recorded the activities on a laptop computer during the class session. 

Data Collection 

A review of student records was done to offer a historical comparison of grades 

and retention rates of students before and after the implementation of computer-aided 

instruction. Merriam (1988) says that documentary data are objective sources that ground 

an investigation in the context of the problem being investigated. The particular student 

data in this case study offer a comparative analysis that is an indicator rather than 

conclusive verifications. Several adaptations were made in the curriculum design and 
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instructional delivery process before computer-aided instruction. Microphones were 

added to enhance delivery during the lecture and the course itself was separated into one 

large lecture section (64 students) complemented by smaller laboratory sections of twenty-

five students or less. 

Student Focus Groups 

Groups of students were invited to voluntarily participate in one of five student 

focus groups scheduled outside of the classroom time. Thirty-six of the 249 students in 

the research population participated in the five focus groups. Most of the focus group 

attendees appeared to be non-traditional students. The purpose of the student focus group 

discussions was to receive first-person accounts of their perceptions of computer-aided 

instruction. All focus group interviews were recorded on audiotape and field notes were 

taken. The same set of questions were asked of each student focus group and these are 

outlined in Chapter 4. 

Artifacts 

Business Office records of a Title III federal grant were reviewed to establish the 

initial start-up cost for computer-aided instruction. The faculty provided historical data on 
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previous hands-on laboratory costs that were supplanted with the implementation of the 

computer-aided instruction components of the laboratory class. 

Student Evaluation 

Student performance in Biology 17 was formatively evaluated on each of the CM 

study components by completing the topic specific worksheet. When the students 

completed the worksheet to their satisfaction, it was submitted to the instructor where it 

was then graded and returned. 

Design Criteria 

The criteria for judging the quality of the design involved will be "construct 

validity" using multiple sources of evidence to establish a chain of evidence. Merriam 

(1988) said that, "validity, then, must be assessed in terms of interpreting the investigator's 

experience, rather than in terms of reality itself [which can never be grasped)" (p. 167). A 

draft case study design was reviewed by key informants, and member checks made 

periodically as the study progressed. Guba and Lincoln (1981) suggest that this be done 

continuously throughout the study to increase validity. Miles and Huberman (1984) 

stated that: 

the field researcher constructs this evidential trail gradually, 
getting an initial sense of the main factors, plotting the logical 
relationships tentatively, testing them against the yield from the 
next wave of data collection, modifying and refining them into a 
new explanatory map, which then gets tested against new cases and 
instances (cited in Merriam, 1988, p. 152). 
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FINDINGS 

This investigative case study evolved around the following assumptions about 

computer-aided instruction: 

1. Small and rural community colleges can help students, particularly under-prepared, 

traditional and non-traditional students, become more familiar with computers and better 

prepare them for further education or immediate employment. 

2. Using computer-aided instruction in biology laboratory classes improves students' 

learning about the more complex concepts of biology. 

3. Students see computer-aided instruction as a positive experience that enhances the 

learning process and improves student success. 

4. Computer-aided instruction will also be a cost-effective way to deliver laboratory 

instruction once the initial capital investment is made. 

Few articles, papers, or research projects had been written by a community college 

educator about computer-aided instruction. This is disappointing because the community 

college system is unique among post-secondary institutions with its open enrollment policy 

that attracts a non-traditional, diverse student body. The synthesis of the research 

literature that follows was primarily written by educators affiliated with state 

colleges and universities associated with traditional-age college students, or with high 

school or elementary school students. 

Lacis (1990) stressed the importance of computer literacy for college graduates 

entering the workforce and promoted computer experiences in every discipline and in 
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every classroom (cited in Ryan, 1994). Ryan went on to say that colleges need to make 

this important contribution for the future workforce in remedial reading and writing. 

A study was done by Daniel More and Charles L. Ralph (1992) with the purpose 

of increasing data on whether computer-based learning is superior or inferior to other 

modes. The data showed that the group utilizing courseware for the laboratory 

component of the course did gain significantly in the change between pretest and post test 

performance. However, the courseware group had a lower mean score on the pretest. 

David H. Jonassen, et al (1993) stated that expert systems can be potentially 

powerful tools for engaging learners in meta-cognitive reasoning. The researchers say that 

learning with technologies amplifies the learner's cognitive processes while using those 

technologies. Steinberg (1991) stated that computers are excellent vehicles for 

using established models of instruction. Bruner (1971) said that instruction "must facilitate 

the exploration of alternatives . . . " (cited in Deere, 1993, p. 43). 

Gwan-Sik Yoon (1994) conducted a study investigating the effects on achievement 

using CAL Yoon used computer-based drill and practice programs in teaching select 

arithmetic skills to Korean elementary students. Results of the study validated an earlier 

argument that when students with a preference for field dependence are provided program 

control and learner control with advisement instead of learner control only, their learning 
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is enhanced. Learning was also enhanced when students with field independence used an 

application that favored their learning preferences of learner control and learner control 

with advisement instead of program control. 

Lewis Kleinsmith's (University of Michigan Biology Department) national award 

winning computer-based, Biology Student Center is an example of drill/practice and 

tutorial Computer-Based Education (CBE). Lu (1993) said that Kleinsmith had shown 

that CBE can be effectively used to help learners strengthen their conceptual 

understanding of biological concepts (cited in Lu, 1993, p. 21). 

Bunny J. Tjaden and C. Dianne Martin (1995) conducted a study to find out if 

college students learn better when using lecture/computer-assisted instruction than by 

using the conventional lecture method with overheads for visually oriented. They 

concluded that there did not appear to be any significant difference in learning whether 

the lecture was followed by examples on the computer or with traditional overheads. 

The difference in time using CAI was significant with a savings of 38% on the average. 

The study did agree with existing literature that very bright and very poor students benefit 

from an instructor. The average student does just as well with alternative teaching 

methods asserts Hardiman and Williams 1990, Spencer 1990, and others (cited in Tjaden, 

et al., 1995). 

Bruner (1960) said that teaching that emphasizes structure of a subject is probably 

more valuable for the less-gifted student. He asserted those CAI programs either 
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structured or sequenced can be used as a method of instruction for an intellectually diverse 

group of students (cited in Deere, 1993). 

The literature review supports the investigator's assumption that computer-aided 

instruction affects student learning by offering an alternative method of delivering 

instruction. Research findings showed that it takes less time for students to learn when 

using CAI, which is significant for community college educators as they try to do more 

with less. When the students learn faster, it enables the faculty to cover more subject 

matter in a term. 

Instructor Interviews 

It was obvious during the three faculty interviews that the full-time, tenured 

member of the faculty was favorably biased about CAI as a learning tool for components 

of the biology laboratory. This was probably because he initiated and developed the use of 

CM. The two adjunct faculty members were more reserved about CAI. 

Faculty background. 

Instructor One was the full-time, tenured instructor of twenty-plus years at 

Mountain View College. Interestingly enough, he had never taken a college-level course 

in computers. Yet, he provided the leadership for CM and developed the curriculum for 

and taught the first introductory course in computer science at Mountain View College. 

Instructor Two, an experienced community college adjunct instructor since 

1993, who at the time of this study was forty years old, had only used word processing 
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before her employment at the college. In fact, she did not have much computer experience 

until she entered the workforce ten years ago. She began using computer-aided instruction 

as a learner and was in her own words, "in many ways just a few steps ahead of my 

students." 

Instructor Three, the adjunct faculty member, new to community college 

instruction, did not have any experience with computer-aided instruction before teaching 

the Biology 17 course at Mountain View College in Spring, 1997. He had no access to a 

computer laboratory at the local high school where he was employed as a full-time science 

teacher. At the time of the interview, his high school was just beginning to establish 

computer laboratories. 

Faculty motivation. 

Instructor One, a full-time faculty member, attributed his initial motivation to 

pursue computer-aided instruction to a peer instructor in the earth sciences. The peer 

instructor was the department chair at the time and had developed and was using 

computer-aided instruction to teach geology and astronomy. Instructor One described 

this instructor as a good role model, having had a college background in computer 

science, with a keen interest in programming. 

Instructor One was further motivated when several members of the science faculty 

brain stormed together on ways in which they could solve certain educational problems in 

the classroom as to presentations. Instructor One wanted to develop a six-step lesson 

where the students would construct their own knowledge: (1) the idea would be 
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introduced, (2) the student would discover the link between the concept and the lab work, 

(3) the student would summarize each activity and the accumulations of data at each 

stage, (4) the students would make a connection between observations and reading, (5) 

the students would then be asked to describe the concept in their own words and 

determine how one concept was related to other concepts in biology and other fields of 

study, (6) the lesson would culminate with the students summarizing the concepts under 

study (see Appendix E for Flow Diagram for Concept Presentation). 

Instructor One said in the conceptual stage of CAI the computer simulations for 

biology were not available on the market; therefore, the faculty had to write their own. 

He was reluctant to do so because he felt that writing a program would produce a barrier 

beyond which he could not pass due to the complexity of programming necessary to 

produce the level of simulations. 

Instructor Two credited Instructor One for much of her early motivation. She said 

a part of her motivation was the fact that the computer program was available. She would 

log on and play with the software. She saw that biology required tremendous applications 

because of the many time-framed experiments that can take up to two to three years to 

complete. She described using the computer for genetics and how one can go through 100 

generations, depending on the organism, in as little as twenty minutes. Traditionally, these 

experiments could take from five months to a year or more. 

Instructor Two said that, she initiated her first experience with CAI and continued 

to learn and explore a few steps ahead of her students. She said that technology was 

advancing so fast and at such an amazing rate, such as the addition of CD ROMS, that she 
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finds it very exciting. She thinks that the road ahead will continue to be a learning 

experience for her and the students. 

Instructor Three attributed his motivation to the opportunity for part-time 

employment at the college level. He saw learning CAI as an opportunity that would 

benefit him at the high school. He described the learning experience as a systemized way 

to gain computer experience without having to purchase all the materials. 

Faculty preparation. 

Instructor One said that he volunteered to be self-taught and learned how to 

program computers on his own. He began teaching a class for displaced workers as part 

of a retraining program for them. He developed the first general education course in 

computer science at Mountain View College. 

He reminisced about the communication process with local educators initially. The 

area elementary and high schools with Mountain View College jointly sponsored their 

faculty in the sciences to go to a national science teacher's convention in Reno, Nevada. 

He noted it as the first convention of that type that he had ever attended. It was at that 

conference he discovered the software available in the marketplace. He had not seen this 

software in any of the periodicals or catalogs that he had received. He found software for 

advanced placement in high school biology illustrated at the conference, which happened 

to be the same course content taught in Biology 17, at Mountain View College. He 

ordered a single version because he had a single machine at the time. When the software 

arrived it was previewed in one and one-half hours before making a presentation to the 
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Board of Trustees on CM. This urgency was created by the budgeting process in an 

attempt to garner the funds needed to establish a Macintosh computer lab for the science 

department. "I was in a bit of a panic," attested Instructor One. He had not learned the 

software and none of the students had used it. He said, "we were flying by the seat of our 

pants." He was putting the manual together, loading the software, and teaching the class 

all in the same day. 

Instructor Three used a Macintosh computer at home on a limited basis. 

Consequently, on his own time, he learned CAI by coming to the campus, a month or two 

prior to his teaching assignment, on his own time. Once the semester began, he would 

arrive at the computer laboratory one or two hours before the students' arrival and 

prepare for that evening's class. He discovered that a good deal of time was needed to 

learn new software. He did not have access to a computer-assisted biology program at the 

high school where he was employed full-time. In 1997, the high school was just beginning 

to purchase Macintosh computers for student use. Instructor Two described her early 

preparation in much the same way. She spent many hours in the computer laboratory 

working on her own time. 

CAI laboratory subject matter. 

Instructor One first explored and developed the subject of genetics for application 

with computer-aided instruction in Biology 17. He said these applications could not be 

done except in an upper-division genetics specialized laboratory. Ecology is another 

component of CAI. Instructor One said that, these CAI experiments could not be done at 
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all in a hands-on wet lab without a five or six-year lab experience. He said that students 

who have been through the CAI ecology component now have a strong foundation to 

build on models for other situations. Students who did not have that experience, having 

gone through traditional studies of ecology, knew case studies and specifics but not 

models that could be generally applied. This was one of his expectations for CAI that he 

thinks has been achieved. He believed that if students had access to a CM environmental 

modeling program in biology, they might develop an interest in the industry where the 

modeling of ecosystems is used as a tool for engineering environmental impact reports. 

Instructor One is currently looking at CM photosynthesis simulations where the 

chemical aspects or variables of the chemical formulas are input/output areas on the 

keyboard. Students could see what happens to a plant when changing the wave length of 

light about the output of oxygen, carbon dioxide and all those factors in the synthetic 

formula. He went on to say that the experience would be interactive and something that 

could not be done at the college without CM unless a graduate level laboratory was 

established. 

Instructor Two talked about how she liked the CM component on genetics 

because it was quick. She talked about students being able to see the results and not 

having to wait for a week to two weeks for a generation to appear. She said the results 

could vary as some of the CM programs did not always show the same results. 

She mentioned missing the actual physical touch formally experienced in the 

traditional laboratory exercises. She liked CAI for ecology because there is a time lapse 

when doing real field studies. With CM, students can see population growth and have 
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hands-on simulation experience with concepts that are really hard to obtain experientially 

in one semester. 

Computer-aided instruction implementation conflicts. 

Instructor One attested to the lack of funding at the college for computer 

equipment and software over the years. Most of the single computers used by the science 

faculty were purchased with their personal funds and that is true even today. He indicated 

a lack of support in the development of computer-aided instruction from the previous 

administration. 

Instructor Two said that she was not sure if she would call them conflicts as much 

as things that she had to make work better. She found that one whole set of the 

curriculum that came with the software was not useful for her style of teaching. She had 

to rewrite much of it and that took a tremendous amount of time. However, she felt the 

learning process for the students had been improved with CAI. She asserted the way an 

instructor lead's the student into an exercise is most critical to his/her subsequent success, 

whether using graphs, simulations, or an exploratory type tutorial program. The 

curriculum that goes along with CAI is critical, especially as an introduction, until students 

are familiar with the program. 

Software companies do not often provide an opportunity to preview their 

software. Instructor Two thinks that this is a major problem because previewing is 

necessary to have an effective CAI program that focuses on the concepts that students 

need. She stressed curriculum development as the most crucial part of CAI. She 
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mentioned using a statistical program for Zoology. When asked if the program was used 

in Biology 17, she said no, because students' math skills were low. Most students were 

still working on percentages and ratios. 

Instructor Three taught the evening class in Biology two nights per week for three 

hours each. He identified two groups of students, the ones that were computer literate 

and the ones that were not. The computer literate ones who flew right through the 

exercises and punched in numbers were the recent high school graduates or current high 

school students. The non-traditional students spent so much time trying to follow the 

directions on the programs, they often lost track of what they were tying to do. Keeping 

the two groups happy was a challenge for Instructor Three. His perceptions about CAI 

need to be weighed against the fact that this was his first college-level teaching experience. 

His expectations of the students may have been skewed toward the performance patterns 

of recent high school graduates. 

Faculty expectations. 

Instructors could use simulations with CAI that gave students, "the feel of doing 

hands on research and seeing the results in a shortened time span," according to Instructor 

One. One goal was to increase this simulation response so that instructors and students 

could do more experiments that replaced activities in the labs that were more traditional, 

but more predictable and linear. The traditional lab activities were linear. "We replaced 

them with labs that were more branching, more like the way we think by challenging the 

data in various ways rather than in a single way," said Instructor One. He did not have 
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any empirical data because no comparative studies had been done. However, he asserted 

that if students had been given a standardized test the CM group would show a better 

conceptual understanding and could see, feel, and apply concepts learned to other 

situations. 

Instructor One described his desire to solve the problem of how to illustrate linear 

reactions of things graphically that otherwise are only handled in mathematical formulas. 

He wanted to help students that typically had not learned calculus or higher. The 

mathematical formulas for biological principles that he taught were based on higher-level 

mathematics. The software program converted the variables to input variables and the 

mathematical activity was expressed as a graph. He asserted that students could 

understand the graph without any need of understanding the math, which allowed the 

instructor time to explore more areas in ecology. His expectation for a better 

understanding of mathematical concepts has been met. According to Instructor One, 

traditional students who succeeded could do the math problems. Those who could not do 

the math problems did not succeed despite their knowledge of biology and that was the 

problem he expected to solve. He thought CM solved part of it, along with other 

techniques. 

Unexpectedly, students became so engrossed in CAI activities that after an hour 

and one-half of scheduled lab time, Instructor One would often have to ask them to leave 

to prepare for the next class. CAI soon became the most valuable of learning tools. What 

had happened with CM, had not happened with other tools, said Instructor One. He also 

thought that CM might help to improve student retention rates, especially for those 
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students who were under-prepared, by helping them to be more confident about their 

ability to better understand difficult mathematical concepts. 

Instructor Three also mentioned how some students were reluctant to leave at the 

end of the evening class. He found this hard to believe, since many had worked all day 

and would have been more likely to be watching the clock. Instructor Two described her 

expectations for the future. She said that some new software and hardware currently 

available is tremendous. She expects more applications in the future that will be more 

interactive and better designed and hopes to continue to set up new technologies to 

enhance student learning. 

Faculty recommendations. 

Instructor One was concerned about the amount of reading that students are 

required to do in biology and identified this as a problem that needs attention. According 

to him, CAI could be extremely helpful for students with reading disabilities. He wanted to 

address this problem by using the tools offered to disabled students through a high 

technology center that was recently established at the college. 

He said according to a recommendation from the National Science Teachers 

Association that students at the college level should have no more than 50% computer-

based instruction in order for them to develop other skills. He estimated the current usage 

of CAI in Biology 17 to be at about that level. However, he was interested in additional 

CAI as more simulations become available and are more cost-effective than previous 
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learning tools. For example, a $100 computer simulator video package could now replace 

equipment worth about $20,000. 

He attested that, "we changed some things as we began to stabilize in the 

computer lab about what was working and what was not working." The faculty began to 

edit the lab packets and have never stopped, he said. He described editing as a virus that 

goes away and comes back, but it always has to be done. 

"One of our very strong needs is to study the articulation flow of materials from 

one grade level to the next," proposed Instructor One. The community college currently 

is not linked well to the high school and, in turn, the high school is not linked well to the 

elementary school. 

Instructor Three recommended taking the faculty to visit other colleges where CAI 

is being used, not just to talk, but go through the programs. Look for the downfalls 

before they happen and find out what the potential is before beginning. He thinks he could 

have had a better impact if he had realized the full potential for CAI programs. 

Instructor Two cautioned other faculty that if they are going to use CAI and do it 

right, it takes time to research the software because many are available. She continues to 

find it frustrating that the faculty does not have the opportunity to preview software 

before ordering and is still seeking a solution. 

Faculty perceptions about cost-effectiveness.  

Instructor One talked extensively about costs related to CAI. He said that up- 

front costs were the purchase of computers. However, computers and software have a 
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limited life span. The initial costs were funded through a federal Title III grant received by 

the district in 1991. The initial start-up costs are the hardest to fund. Once the laboratory 

was established, there continued to be ongoing costs for computerhardware and software 

upgrades. These costs can be compared with the costs of consumables used in the 

traditional lab and then thrown away. Instructor One says that, some consumables had 

other problems associated with them other than costs. As he was working to develop 

CAI, which would soon eliminate the use of some lab chemicals, the State of California 

initiated Prop 65 that dealt with the use of toxic chemicals in the classroom. The 

definition of what a toxic chemical might be was also part of the debate. The cost of 

disposing of these chemicals in terms of removal dollars and impact on the environment 

was another factor to be considered. 

On-going traditional costs that were no longer needed were the dissection of fetal 

pigs at a cost of $9.00 for every two students, so this amounted to a savings of 

approximately $4.50 per student. These costs were removed from the budget the first 

semester and continue to be a savings for the department. As CAI became a good 

learning tool and instructors could see the depth of the things that could be done with the 

curriculum they analyzed what could be cut from the budget and reallocated these funds 

for CAL 

At first, the adoption of CAI was extremely difficult for others at the college to 

accept, especially the student counselors and the articulation officer. They were 

concerned about articulation agreements already in effect based on the traditional wet 

laboratory activities. Because of the difficulty in changing a traditional program, by 
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removing the hands-on activities and replacing them with CM, the science faculty put 

much effort into finding ways to justify the change beyond improving student 

performance. Cost-effectiveness and the reduction in the use of formaldehyde and the 

elimination of blood-borne pathogens were also used in defense of the changes. Instructor 

One and supporting colleagues had overcome a significant barrier in persuading these 

skeptics to recognize CM as an alternative. Their success was confirmed when the 

curriculum committee approved the new course curriculum for Biology 17, combining the 

lecture and lab and incorporating CM, in the Fall 1992 for the following academic year. 

Instructor Three said he did not know much about the cost factors. He said, the 

high school had recently purchased new computer software for the science department 

that can be used on either an IBM compatible or Macintosh computer. The program 

came with a series of twelve different probes used to dissolve oxygen and measure 

dissolved oxygen and bring it up on the screen in graphic form. Students can measure and 

analyze many different things, e.g., blood pressure and heart. He believes that this 

equipment would be a good blend with the CM used in Biology 17. 

Faculty interview perception. 

Results of the interviews indicated that the faculty at Mountain View College were 

primarily self-motivated and self-taught in the use of CM. This was determined because 

they did not receive any direct compensation or formal training in how to carry out CM. 

The importance of faculty leadership was evident as two out of the three faculty members 

directly attributed their interest in CM to a peer as their role model. The faculty agreed 
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that students, mostly the non-traditional students, became engrossed in the learning 

process when using CM. 

Some of the younger students, more familiar with computers, hurried through the 

worksheets, said Instructor Three. They may have learned quicker or may not have 

benefitted as much as they could have if they had slowed and focused on the concepts. In 

doing so, he raised the question of how instructors could maintain the interest of younger 

students. However, he had taught some of these same students at the local high school, a 

variable that needs to be considered before making any assumptions. 

Classroom Observations 

The researcher observed the computer-aided laboratories of each of the three 

instructors. Each student was seated at their own computer workstation. The room was 

congested, with the twenty-five workstations (see Appendix C). Students had been given 

worksheets to complete as they moved through the CAI content that day. No materials 

were printed from the computer activities. Students would work at the computer, reading 

the worksheets as they worked. They would write their answers to the problems on the 

worksheets as they worked out the answers on the computer. 

A few students were working intently on their own. Most were working in groups 

of two or three, discussing the worksheet activities, pointing to the computer screen and 

manipulating program options. During one of the class sessions, several students, 

appearing to be mostly young male students, were helping the person next to them. 

Constantly, conversations were going on between one or more students in the room. This 
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interaction between peers seemed to provide a social-emotional support system for those 

involved. The room was noisy. The instructor(s) moved about the room, answering 

questions, observing students. They often wrote information or answers to students' 

questions on the white board in the front of the room. 

In one classroom a paraplegic, non-traditional student, worked at a computer 

station closest to the aisle that was specifically designed to fit a wheelchair. He 

manipulated the keyboard by moving a pointer with his mouth. This was an important 

finding since students with disabilities were not taken into consideration in planning this 

case study. A finding such as this one further validates an earlier assertion made by Glaser 

(1967) in his book with co-author Strauss, on grounded theory that, "it is never clear cut 

for what and to where discovery will lead. It is on-going" (cited in Merriam, 1988, p. 51). 

Once this discovery was made, the researcher investigated the number of students with 

disabilities enrolled in either Biology 17 or the non CAI laboratory, Biology 19. 

In a study by the American Council on Education, Postsecondary Students with 

Disabilities: Where are They Enrolled, found that, "undergraduates with disabilities are 

more likely than other students to be older, financially independent, and enrolled in 

community colleges" (cited in Community College Times, 1997, 9, 1, p. 2). Cited in the 

same article was the fact that in 1993, disabled students made up 6% of the total 

undergraduate college population. 

Table 4 indicates that at least 1 out of 10 students enrolled in introductory biology 

that fall and spring had some type of disability. Note, the shaded areas in Table 4 point 

out that the majority of disabled students had difficulties with learning and mobility. 
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These figures include students that dropped without a penalty and those dropped by the 

instructor because they did not attend the class. This data further validates the role of the 

Table 4 

Summary of Disability Groups for Biology 19 and Biology 17 
1991-1997 

Type of 1991-92 1992-93 1993-94 1994-95 1995-96 1996-97  
Disability Number Number Number Number Number Number  

Visual 0 0 0 0 0 1 

Other 2 2 5 1 6 14 

Hearing 2 0 1 1 1 1 

Language 0 0 0 0 0 0 

Development 0 0 0 0 0 0 

Brain Injured 0 0 3 0 01 

1Psychologic 0 4 3 2 2 

Total 39 43 47 36 28 42 

Total 235 284 300 296 276 318 
Enrolled 

Percentage 16.60% 15.14% 15.66% 12.16% 10.15% 13.21% 

community college faculty in serving a diverse group of learners. The percentage of 

disabled students, with the exception of one year, was double or beyond the national 
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undergraduate average of 6%. Further studies are recommended in the use of CAI for 

students with disabilities. 

During the observations, all students appeared to be engrossed in the learning 

process. Some completed the worksheets sooner than others. These students went into 

the adjacent lab and worked on other projects or reading assignments. Some of these 

students would leave the lab before the scheduled time. Others, stayed beyond the 

scheduled time. 

Students interacted with the instructor and with other students during CAI. Every 

student appeared busy and totally engrossed in the learning process. A paraplegic student 

said, "I could not have taken Biology 17 and have been as successful on my own without 

the help of CAI." He went on to say that, he could not do the hands-on activities in a 

traditional laboratory without special assistance. 

Student Perceptions about CM 

Attendance at the student focus groups, which was voluntary, was less than 

expected with a total of thirty-six students participating. The focus groups were 

conducted toward the end of the semester and scheduled during college hours (12:30 -

1:30 on Tuesdays and Thursdays of every week) and in the late afternoon at 5:00 p.m., an 

hour before the evening class time. The number of student participants was low, 15 to 

20% of the class. Those who attended were older, at least 90% were non-traditional 

students, who appeared genuinely interested in taking part in the research. Students said 
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they liked being part of a research project that involved them and they were pleased that 

the college was participating. 

Some students said they found CAI difficult at first. Several students had never 

used computers before the class. Some had used Macintosh, others IBM compatibles, 

few had knowledge of both. The older students were less apt to have had any experience 

with computers. Several students found the software/program to be difficult to use. 

Those with limited computer experience said they were fearful. Students with more 

computer experience were more confident about using CM. 

Students shared how they liked having the opportunity to come into the computer 

laboratory during a college hour. During regular CAI lab hours, they liked the ability to 

repeat a process and to be able to make adjustments and try different things with their own 

hands to see what would work. 

Students liked the graphics, simulations and real time output. They liked not 

having to dissect animals and they liked the wider field of biological learning. The 

students were required to read their textbook as part of their regular assignment. One 

student said he was dyslectic, reading was hard for him, and he found CAI to be much 

better than having to rely on the textbook. One student commented on the hands-on 

experience of CAI where she could see the experiment and visually prove a concept to 

herself. Another liked the animation and said that it was interesting. One student said that 

concepts were well explained and would have been impossible to figure out without seeing 

them on the computer. The focus group students overall liked having different options 
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and could learn from their mistakes. They commented that their instructor made the 

course very interesting. 

Students said they learned quicker with CAI because the program ran simulations 

in half the time. Using computers showed students the importance of technology noted 

one student. Another said that it felt good to gain proficiency with the software. One 

student liked the explanations in the program - versus instructor or classmate explanations. 

CAI worked better for math and science, said another. 

There were some negative student reactions to CAI. One student said the 

computer lab was so compacted, his concentration was disturbed. Others said that using a 

Macintosh was difficult at first. Having only one Macintosh lab on campus was not 

enough, said students. Another student complained about the lack of technical assistance 

in the lab. Another said, we did not have enough computer time, need more open labs. 

One said it was a tight schedule if one got behind. One student said he did not experience 

less test anxiety with CAI because the instructions were not clear enough on how to use 

the Macintosh computer. Another student said that the program was not accurate and not 

enough time was given, instructions were inadequate, and the tests were hard. 

Other students felt they did do better on exams because they understood the 

concepts better with the simulations. Computer-aided instruction seemed to encourage 

student teamwork and interaction. One student told how the instructor would assign 

those who knew the program or concept to help others. According to students, they 

interacted more during CAI than during the traditional lab. One student felt that the 
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competition factor was higher. Most students said that they helped each other and that in 

their words, "everybody needed help at one point." 

One student said that some learning was enhanced, but some CAI lab exercises 

were confusing. Others said that, CAI really did help and that they want more CM. 

Learning was enhanced because it "brought concepts to life," said one student. Students 

said they learned quicker because the program ran simulations in half the time. "Using 

computers showed us the importance of technology, " noted one student. CM worked 

better for math and science, said another. The overall attitude of the students participating 

in the focus groups toward CM was positive. 

Student Preferences and Recommendations 

Some students preferred CM because they liked being able to see what they were 

doing. One student said that she looks forward to CM in biology. Another student 

commented that the computer would not allow a student to go on without interacting, or 

skipping something. Some students commented that they learned the material. Students 

often credited instructors for much of their learning. CM was tremendous and cut down 

on the paperwork and was more economical, said one student. A non-traditional student 

said she liked both methods. In the hands-on laboratory she had watched a video and 

heard a speaker and had found these activities to be helpful. She recommended using the 

Internet to obtain information from the outside world for biology. 

Several non-traditional students recommended developing a tutorial on how to use 

the computer that would be used before beginning CM. One student suggested adding a 
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section on DNA, especially cell reproduction. Another suggested, bringing people or 

professional volunteers in from the outside world occasionally to help students understand 

that computers are something they will be using in the work place and need to practice 

and know how to apply it in those kinds of ways. Another student said that she 

would use more computer-aided instruction. I preferred working in teams, said one 

student. 

Focus Group Observations 

Students who participated in the focus groups, for the most part, perceived CAI to 

be a positive experience. During the first focus group session, the non-traditional students 

said it would be very helpful to have a Macintosh tutorial before they began the CAI. This 

recommendation was taken into consideration by the laboratory technician who was 

present. She developed a computer tutorial over the remainder of the fall semester that 

included written reference materials (see Appendix F for Using the Macintosh Biology 

Lab Simulations). The tutorial has since become a permanent part of the CAI laboratory 

curriculum during the first week of class. Whether the non-traditional students will benefit 

from the tutorial more than others remains to be determined. 

Student Achievement Records 

The following must be considered when analyzing the data on final grades for 

biology students. The Biology 17 course prior to the Fall 1993, was offered as a separate 

lecture course (BIOL 18) and an optional laboratory course (BIOL 19) covering the same 
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content. The grades described below are for Biology 19, the laboratory portion, during 

that period. Fewer students enrolled in the optional lab, than in Biology 18, because it 

was not a required course for general education. An assumption could be made that 

students who did enroll in the course were the better prepared and serious science majors. 

The curriculum was revised and, beginning in the Fall 1993, the course was 

changed to be a comprehensive biology course that included both a lecture and laboratory. 

The course was renamed Biology 17, just when CAI was introduced into the curriculum. 

Tables 5 to 7 compares the grades of students enrolled in Biology 19 before CAI, with 

students enrolled in Biology 17 after CM. 

Instructor One continually made improvements in his teaching methods to improve 

student success in this introductory biology course. Improvement in student grades 

beginning with the Fall 1993 may reflect teaching tools other than CAI, such as: a 

microphone was added during lectures to help hearing-impaired students. In the Fall 

1996, he began to have his lectures video taped so that students could borrow the tapes if 

they missed a lecture or needed to review. These are variables that must be taken into 

consideration when reviewing and comparing grades. 

Biology 17, the newly developed course in the Fall 1993, that combined the lecture 

and lab, maintained the same objectives as the two separate transferrable lecture and lab 

courses. However, the method used in teaching some of these objectives or biological 

concepts changed with the implementation of CAI. Table 5 compares grade outcomes 

for the very first semester (Fall 1993) that CAI was implemented with outcomes from 

the previous fall semester (Fall 1992). Note that about the same percentage of students 
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failed or withdrew from the course both prior and after CAI was introduced into the 

curriculum. The course grading for Biology 17 may have been less subjective than the 

Table 5 

Biology Grade Distributions and Comparisons  
Fall Term 1992 and 1993  

Grades Non-CAI Percent CAI Percent N 
Fall '92 Fall '92 Fall '93 Fall '93 

63Valid A 47 51% 25 23% 

B 17 18% 38 34% 59 

C 8 9% 25 22% 29 

D 0 0% 3 3% 3 

F 4 4% 13 12% 16 

W 15 16% 7 6% 17 

Total 93 100% 111 100% 187 

"lab only" Biology 19 course. Half as many CAI students withdrew possibly suggesting 

that students felt more confident they would succeed. The grade distribution spread was 

far greater with CAI. Students received fewer "A" and a higher percentage of "B" and 

"C," grades with about the same number of failures and course withdrawals. It should 
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also be noted that the lab portion was not required prior to the introduction of CAI in the 

fall of 1993. Prior to the introduction of CAI, the instructors observed that the more 

serious science majors, who were better academically prepared and more motivated to 

obtain a higher grade, enrolled in the laboratory course. Fewer students with CM 

withdrew from the course in the fall semester 1993, which may suggest more confidence 

in their ability to succeed with CM, especially in mastering difficult mathematical 

concepts. These figures are to be used as indicators only in determining how the faculty 

and student perceptions of CAI related to the actual outcomes. 

Table 6 

Biology Grade Distributions and Comparisons  
Spring Term 1993 and 1994  

Grades Non-CAI Percent CAI Percent N 
Spring '93 Spring '93 Spring '94 Spring '94 

Valid A 61 53% 41 31% 84 

B 19 17% 42 31% 56 

C 16 14% 24 18% 33 

D 3 3% 4 3% 6 

F 4 3% 1 1% 1 

W 12 10% 22 16% 27 

Totals 115 100% 134 100% 207 

Table 6 compares grade outcomes for the second term that CAI was offered 

(Spring 1994) with grades from the previous Spring 1993 prior to CAI. The distribution 
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of A grades awarded compares with Table 5 where 1 out of 2 students received an A prior 

to CM and 1 out of 3 received an A grade with CM. In Table 6, the distribution of A and 

B grades was equal with the post-CM group. The rate of failures in this comparison 

differed in that more students failed prior to CM, the exact opposite of the group in Table 

5, the first semester of CAI. The faculty indicated that improvements were made in the 

CM curriculum and that may have improved student performance in the second term (see 

Appendix G for Biology Grade Distributions). 

Table 7 

Summary of Grades  
Pre-CM and Post-CM  

Fall 1990 through Spring 1997  

NGrades A % B % C % C% D % F % 
R 

Pre-CAI 248 55 128 28 54 12 0 - 13 3 11 2 454 

Post-CM 282 32 332 37 187 21 3 41 5 45 5 890 

The grade summaries in Table 7, which does not include withdrawals, shows that 

with the post-CM group the number of A grades awarded decreased 23%, while the 

number of B grades increased 9%, and C grades increased 9%. In summation, the 

percentage of A's and B's awarded during the pre-CM period may be indicative of the 

assumption that those students who did enroll were the more serious science students and 

may have been better prepared for the class. An inference could also be made that CM 

made the class more difficult for some because the percentage of students who did poorly 
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increased by 5% with CM. However, the higher percentage of poor students could also 

be indicative of the lab becoming a requirement, which almost doubled the enrollment, and 

the fact that some students may have been under-prepared due to the open enrollment 

policy with no prerequisite requirement. 

Table 8 

Student Success Rates 
Fall 1990 Spring 1997 

14 No. % No. % No. % No. 

Semesters Success Success Fail Fail W W N= 

Pre-CAI Pre-CAI Pre-CAI 
Fall 90 63 83 3 4 10 13 76 

Spring 91 66 90 2 3 5 7 73 
Fall 91 69 79 5 6 13 15 87 

Spring 92 64 81 1 1 14 18 79 

Fall 92 72 77 6 7 15 16 93 
Spring 93 96 83 7 6 11 10 115 

Post-CAI Post-CAI Post-CAI 
Fall 93 88 79 16 15 7 6 111 

Spring 94 107 80 5 4 22 16 134 
Fall 94 94 86 8 7 8 7 110 
Spring 95 114 78 13 9 19 13 146 
Fall 95 93 87 6 6 8 7 107 
Spring 96 100 74 13 10 21 14 134 
Fall 96 84 88 8 8 4 4 96 
Spring 97 124 81 17 11 12 8 153 

Total 1234 81% 110 7 170 12 1514 

Table 8 indicates the overall student success and retention rates for pre- and post 

CAI. It is interesting to note that about the same percentage of students failed as 
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withdrew in both. Table 8 indicates a similar success rate pattern for the pre and post CAI 

students. The figures included in Table 9 compares the first six-semesters post-CAI with 

the previous six-semester totals before CAI. These comparisons also show the overall 

difference in the enrollments once the laboratory section of the course became mandatory. 

Note the enrollments during this twelve semester period increased 47.2%. Yet, the 

success rate only went down by 1.2%. Withdrawal rates went from 13% (Fall 1990) 

Table 9 

Six-Semester Comparison With and Without CM  
Fall 1990 through Spring 1993 compared with  

Fall 1993 through Spring 1996  

No. % No. % No. % No. 

Year Success Fail W N 

Fall 1990 to Pre-CAI Pre-CAI Pre-CAI Pre-CAI 

Spring 1993 

Sub-total 430 82 24 5 69 13 523 

Fall 1993 to Post-CAI Post-CAI Post-CM Post-CM 

Spring 1996 

Sub-total 596 80 61 8 85 12 742 

Total 1026 81 85 7 154 12 1265 

before CAI to 8% (Spring 1997) after CAI. Student failure rates increased 3% with CAI. 

The increased failure rates may be due to the open enrollment option or the CAI course 
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may have been more difficult for some students. The percentage of students who 

succeeded was 2% greater with CM, when comparing the six semesters and the failure 

rate increased by 3% with CAI, but 3% fewer students withdrew from the CAI 

laboratories. 

Tables 10 and 11 show that the enrollment doubled from 493 in the 6 pre-CAI 

semesters to 991 in the post-CM data, which included 8 semesters, once the lab became a 

course requirement. The college enrollment increased only slightly from 1% to 2%. 

However, the overall success rates for students in Biology 17 remained about the same 

after the introduction of CAI as before CAI, combining the failures and withdrawals. 

Table 10 
Student Success Rates without CAI 

No. % No. % No. % N 
Success Success Fail Fail W W 

Fall 90 63 83 3 4 10 13 76 
Spring 91 66 90 2 3 5 7 73 
Fall 91 69 79 5 6 13 15 87 
Spring 92 64 81 1 1 14 18 79 
Fall 92 72 77 6 7 15 16 93 
Spring 93 96 84 7 6 12 12 115 

Totals 411 79% 24 5% 69 13% 523 

The percentage of students who did not complete the course may be attributed to several 

factors: (1) the open enrollment policy, (2) lack of previous student preparedness without 
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a prerequisite, (3) lack of motivation for non science majors, or (4) CAI may have made it 

harder for some students to grasp the subject matter. 

Table 11  

Student Success Rates with CAI  

%No. % No. No. % N 
Success Success Fail Fail W W 

Fall 93 88 79 16 15 7 6 111 

Spring 94 107 80 5 4 22 16 134 

Fall 94 94 86 8 7 8 7 110 

Spring 95 114 78 13 9 19 13 146 

Fall 95 93 87 6 6 8 8 105 

Spring 96 100 75 13 10 21 15 134 

Fall 96 84 88 8 8 4 4 96 

Spring 97 124 81 17 11 12 8 153 

Totals 804 81% 86 8% 101 10% 991 

The figure below shows the rate of withdrawals, successes, and failures in a bar 

graph form for each semester to provide the reader with a pattern that shows that the 

student success rates did not change significantly with the implementation of CAI as a 

learning tool, although the enrollment doubled once the laboratory section became 

mandatory. This conclusion is meant only as a indicator because there were no 

comparisons made of test scores for students enrolled in Biology 19 with laboratory test 

scores in Biology 17. Laboratory components for both Biology 19 and Biology 17 were 

connected to lectures and reading materials. However, if there is credibility in the 
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assumption that those students who were better prepared or more motivated tended to 

enroll in the non mandatory biology laboratory, these figures suggest that CM did have an 

impact on student learning and helped those students who were not academically prepared 

Figure: Withdrawals, Successes, and Failures (Fall 1990 through Spring 1996) 
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to succeed in an introductory biology course that included a laboratory section. The CAI 

students maintained a similar success rate compared with students previously enrolled in 
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the optional Biology 19 course, though students who had taken Biology 19 were probably 

more motivated and may have been better prepared. 

During the CAI observations students were task-oriented, and appeared reluctant 

to leave the computer lab at the end of the scheduled session. Students and faculty in the 

computer laboratory appeared to be engaged in the teaching and learning process. Both 

instructors and students overall reacted positively in their opinion of computer-aided 

instruction. 

Students participating in the focus groups said they did learn faster and that 

learning complex concepts were easier using CM than it was during their traditional 

components of the laboratory. All three instructors believed that students learned faster 

and Instructors One and Two said that students could master difficult mathematical 

concepts better than in the past. Instructors One and Two were basing their perceptions 

on their own experiences with teaching these difficult concepts previously to similar 

diverse student populations, often under prepared. Students were unable to compare the 

two methods, since they were only exposed to one method for each component, either 

CM or hands-on laboratory experiments. 

Cost-Effectiveness of CM 

The initial costs of establishing a computer laboratory for computer-aided 

instruction was funded by a federal Title III grant at a cost of $47,155 for hardware and 

software. The costs for hardware and some software have gone down considerably since 
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1993. Once the initial investment was made, the on-going laboratory expenses associated 

with CAI were considerably less than the traditional laboratory. The annual dollar savings 

estimated by the faculty and laboratory technician are listed below: 

3 hours of lab technician time per week $1,836 

($17.00 hr. x 3 x 18 weeks x 2 semesters) 

Laboratory supplies @ $4.50 per student, 

per course (est. 200 students minimum per year) 

Total Annual Dollar Savings $2,736 

The faculty and staff placed an extremely high value on the environmental impact of using 

CAI. Until this activity was replaced by CM, students pricked their finger to test their 

own blood. The hazards of blood-born pathogens in the introductory biology course were 

eliminated. The use of CAI also eliminated the use of hazardous chemicals that were a part 

of the traditional laboratory, such as formaldehyde. 

Observation 

Instructor One, who developed CAI in the biology laboratory at Mountain View 

College, and his followers lacked support of the college district or local administration in 

either purchasing the CAI equipment and software or funding their staff development. 

The question that remains is whether or not the results would have been much different if 

the instructors involved had not been acting independently. In spite of their barriers, the 
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faculty persevered and ultimately succeeded in securing needed funding through a federal 

grant. The grant was awarded to the college district in support of the two colleges and 

the requests of the respective faculty. 
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Brief Summary of the Problem 

The purpose of this study was to investigate, by use of the case study 

methodology, how and why the faculty implemented CAI and the faculty and student's 

perceptions about the effectiveness of CAI for specific components of college-level 

biology laboratories. This case study involved a diverse population of students that 

consisted of traditional and non-traditional students of different genders, physical and 

mental abilities in a small and rural community college. 

Community colleges must meet the needs of the most diverse student populations 

in higher education. Thornton (1972) proclaimed instruction as the prime function of 

community colleges and attributed its primary mission to meeting the needs of a wide 

range of students' abilities and their weaker academic records (cited in Smith, 1994, p. 

205). Students who are academically challenged may have diverse learning characteristics 

that are not compatible with the more traditional approaches to the delivery of instruction. 

CAI may be one way to enhance the learning process for all students and simultaneously 

meet the needs of the under prepared. This case study investigated the use of CAI 

as a laboratory component of college-level biology in a small and rural community college 

setting. 

Small and rural California community colleges face many challenges in the day-to-

day operations. One of the most critical issues is the continued lack of sufficient base 
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funding due to funding formulas that tend to favor the larger institutions in California. 

Instructors in small and rural colleges must prepare to teach up to four and five different 

courses each semester. Many departments have only one or two instructors, who must 

develop the curriculum, teach, advise students, and serve on various college committees. 

Administration in small and rural colleges may be inadequate and spread thin with many 

local and state level responsibilities. Small and rural colleges often lack sufficient space or 

adequate facilities, especially that will house new technology without added expenses. 

These barriers can create a dilemma for the faculty who want to use new approaches to 

teaching and learning, such as computer-aided instruction. 

Stephenson (1992) said that most studies had focused on student performance with 

the use of computers and the role of the faculty may have been neglected. Most research 

on CAI has been conducted by researchers from various state colleges and universities 

across the country. There seemed to be very little research available on the effectiveness 

of using computer-aided instruction in the small and rural community college setting. This 

case study investigated how the faculty and staff in a small, and rural California 

community college initiated a new approach to learning the complex concepts of college-

level introductory biology by using computer-aided instruction. 

The intent of this case study was to begin to fill a void of which seems to exist in 

the literature regarding the role of the faculty in the development and application of CAI, 

particularly working with under-prepared traditional and non-traditional community 
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college students. The investigator was seeking to understand the practice of using CAI 

and its effectiveness. 

Brief Summary of Methodology 

The case study approach was chosen because the focus of the investigation was 

conducted within what Smith (1978) called a "bounded system" (cited in Merriam, 1988, 

p. 9). This case study was an examination of a specific phenomenon within a single 

institution where the researcher was primarily interested in insight, discovery, and 

interpretation. 

Historically, most research reviewed on CM, as stated earlier, were quantitative 

using control group methods to compare student success rates using either CM, or the 

traditional method, or a combination of both. Philosophical assumptions for this study are 

qualitative rather than quantitative, following the type of inquiry that Merriam (1988) 

described as inductive by focusing on process, understanding, and interpretation, rather 

than deductive and experimental (p. 21). The objective of the researcher in using this 

methodology was to observe, intuit, and sense what was occurring in its natural setting. 

Ethnographic techniques, such as interviewing, documentary analysis, life 

experiences, and participant observations were used to collect data about the phenomena 

being studied. A primary interest of the researcher in conducting this study, in its natural 

setting, was to find out how the faculty implemented computer-aided instruction as a new 
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teaching and learning tool. An important part of the case study was finding out what 

meaning this new approach had for the faculty and for the students. A comparative 

analysis was made of the various research methods, comparing the actual outcomes, such 

as documentary analysis, with the perceptions of the students and the faculty. 

Brief Summary of the Findings 

Five core research questions guided this study: 

1. What does the research literature reveal about the effectiveness of CAI? 

The literature review points to the investigator's assumption that CAI positively 

affects student learning by offering an alternative method of instructional delivery. The 

literature shows that it takes less time for students to learn when using CAI, which is 

significant as colleges, particularly small colleges in isolated settings, try to do more with 

less in education. In a traditional classroom, or practice, time is the constant (semesters) 

and competence is the variable. In the CAI laboratory time became the variable and 

competence became the constant. Observations validated that fact since many students 

completed the worksheets long before the scheduled lab time was over. These students 

often helped others, left the computer lab and worked on other subject matter in the 

adjacent classroom, or left the classroom early. 

During the student focus groups, some students preferred working in groups, a 

collaborative learning method that was a part of the traditional components of their 
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biology laboratory experience. In a study reported by Howard and Boone (1997) students 

disliked working without a lab partner. The researchers went on to say that, "the social 

aspects inherit in the laboratory setting are very important" (p. 386). Establishing work 

teams for students using CAI may be an important consideration for the faculty in future 

curriculum development, especially if a secondary outcome for students using CAI in the 

classroom is to help them prepare for the work force. Gilbert (1995) points out that, "in 

industry and research environments, [groupware] systems--local area networks plus 

enabling software--are becoming more sophisticated in function, easier to use, and more 

widely available to help people work in teams or groups (p. 17)." Earlier studies by 

Stanley D. Stephenson (1992) on the impact of instructor-student interaction when 

students worked Computer-Based Training (CBT) in pairs were further validated by 

findings from observing students working in the CAI lab. Stephenson found that 

instructor interaction does not affect achievement when subjects worked CBT in pairs. 

McCombs, et al. (1984) in a variety of CBT courses found two factors that were critical 

to student performance: (1) adequate opportunities for student-instructor interaction, and 

(2) the incorporation of group activities with individualized training. 

Daniel More & Charles L. Ralph (1992) at Colorado State University, Fort 

Collins, completed a study on whether computer-based learning for a first-year biology 

class was superior or inferior to other modes. One-half of the class was placed in a 

traditional hands-on laboratory for two hours per week and the other half was placed in a 
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Macintosh computer laboratory to view courseware for the same period. The data showed 

that the group utilizing courseware for the laboratory component of the course did gain 

significantly in the change between pretest and post test performance. Even though, the 

courseware group had a lower mean score on the pretest. In this case study, the faculty 

further validated his findings with their belief that CAI helped students to comprehend 

difficult biological concepts that require mathematical reasoning. They found that CAI 

was especially effective for those students who were under-prepared for college-level 

biology, a continual problem for the faculty in community colleges with open enrollment. 

2. How do community college biology instructors perceive the use of CM? 

The tenured faculty member, Instructor One, asserted that he had effectively 

accomplished his goal to initiate a new approach to learning the complex concepts of 

college-level introductory biology by CM. 

Bruner (1971) cited three ways that any domain of knowledge can be represented: 

(1) when experience is used to conduct the task, (2) through iconic representation that 

refers to a set of images or graphics that represents a certain concept, and (3) through 

symbolic representation that requires a transformation of propositions governed by 

rules and laws (cited in Deere, 1993, p. 56). This model for instruction best describes the 

approach used by Instructor One when introducing CAI as a teaching and learning tool. 

Instructor One would use real-life situations to introduce students to the laboratory course 
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simulations and graphic images that represented a concept or symbolic representation. 

Students were then able to manipulate or transform the propositions governed by rules 

and laws. 

Results of the interviews showed that the faculty at Mountain View College was 

primarily self-motivated and self-taught in their use of CAI as a learning tool. Before the 

Title III grant was funded, Instructor One had not received any reassigned time or formal 

training in how to implement CAI. The two adjunct faculty members did not receive any 

formal training, nor were they compensated for training time. However, Chin and Hortin 

(1993) found that administrative support, an allocation of time for in-service and a reward 

system for staff development as three means to accomplish better faculty attitudes about 

the use of technology. 

The importance of faculty leadership and collegiality was evident as two out of the 

three faculty members directly attributed their interest in CM to a peer role model. The 

faculty agreed that students, both traditional and non-traditional, became engrossed in the 

learning process when using CM. Note that the non-traditional students showed the most 

interest in participating in this case study and in CM. 

3. How did community college students perceive their experience in using CM in 

the community college biology laboratories? 

Lehman (1988) said that, "since many students do not view laboratories as [fun], 

making labs more enjoyable should be one goal of almost all lab revisions (cited in 
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Howard and Boone, 1997, p. 383)." Students who participated in the focus groups, for 

the most part, perceived CAI to be a positive experience. The classroom observations 

validated those findings because students seemed busy and totally engrossed in the 

learning process. Several non-traditional students said they initially experienced some 

frustration in learning how to use CAI. During one focus group (Fall 1996) non-

traditional students recommended that a Macintosh computer and software tutorial be 

developed. As a result, the laboratory technician developed a tutorial which is now 

offered to students before the first week of classes each semester. 

One student, a paraplegic, was very positive about his experience with CM. He 

credited CM as the means by which he was able to participate in the biology laboratory. 

Students with disabilities and the use of CM were not taken into consideration in the 

initial design of this study. A benefit of observing in the classroom was finding this 

different meaning for CAI. 

4. How did student achievement records compare with those of students enrolled 

in the Fundamentals of Biology before the use of CM? 

Student enrollment in the laboratory sections nearly doubled once the laboratory 

became a part of the course requirement. CM was introduced as a component of the 

laboratory simultaneously. The total success rate for students in Biology 17 stayed about 

the same with CM as before for students enrolled in the traditional laboratory. A greater 

drop was to be expected with a near doubling of student enrollment that accepted students 

without any prerequisite or the enforcement of entrance test score recommendations 
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for introductory biology. Grade comparison figures showed that students who 

participated in CAI earned a grade of B or C more often than their predecessors before 

CAI. However, the number of A grades continued to increase as instructors continued to 

improve the CM process and software. This may be significant if students enrolled in the 

optional course (Biology 19) before the use of CAI were more motivated and if the more 

serious science students enrolled in the optional laboratory section. 

5. How does the overall cost of CM compare with traditional forms of conducting 

community college biology laboratory studies? 

The dollar cost-effectiveness was difficult to ascertain, since biology was not the 

only class using CAI and savings by the other science departments was undetermined. 

However, the annual operating savings of close to $3,000 would be ongoing, which 

included a savings of three hours per week for a laboratory technician. The cost savings 

per student in 1996-1997 was $4.50. In addition, value was added with the lab use of CM 

that introduced a safer and healthier environment created by eliminating blood-borne 

pathogen exposure and the use of hazardous chemicals. 

Hypotheses of this Research 

Computer-aided instruction will have a positive influence on students' learning 

about the more complex concepts of biology, and improve student success. Community 

colleges can help students, particularly non-traditional students, become more familiar 

with computers by using CM and better prepare them for further education or immediate 
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employment. Computer-aided instruction will also be a cost-effective way to deliver 

laboratory instructions once the initial capital investment is made. 

Limitations of the Study 

The case study approach was chosen with the objective of understanding how and 

why the faculty came to develop and implement computer-aided instruction as a tool for 

teaching and learning. Cronbach (1975) asserted that, "An observer collecting data in one 

particular situation is in a position to appraise a practice or proposition in that setting, 

observing effects in context.. .When we give proper weight to local conditions, any 

generalization is a working hypothesis, not a conclusion" (cited in Merriam, 1988, p. 175). 

Some of what was learned in this particular setting may be transferable and helpful to 

other rural community college teachers and administrators. 

Conclusions 

1. In the traditional college classroom or laboratory, time is the constant (75 minute class 

periods and 18 week semesters) and competence is the variable. In the CAI laboratory 

this equation was reversed. Time became the variable and competence became the 

constant. Students could work at the computer exercises until they had mastered the 
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material or really understood the lab exercise. This observation was not a part of the 

original hypothesis of this study, but became readily apparent during the research. 

2. Both the full-time and part-time faculties need administrative support to pursue new 

and innovative approaches to teaching and learning, especially in funding necessary staff 

development activities. Full-time faculty members need administrative support in funding 

and planning reassigned time to attend these activities and to develop the CAI curriculum. 

3. Biology Instructor One, with the support of the adjunct faculty, was confident that his 

expectations of helping students with difficult mathematical concepts by using CAI had 

been met. Instructor One foresees CM as becoming one of his most valuable learning 

tools. Thus, instructor attitude about the use of CAI is most important. Instructor One 

was clearly self-motivated, self-taught, and willing to use his own time in developing and 

implementing CM. This was also the case with the two adjunct faculty members in their 

preparation to use CAI as a teaching tool and to adapt their teaching styles. 

4. Students with limited computer experience, especially with Macintosh computer 

applications, can benefit from a Macintosh tutorial before using CAI in subject matter 

applications. 

5. Capital costs of buying computer hardware and software outweighed the annual 

savings that may have been realized by replacing traditional biology laboratory 
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experiments with CM. Therefore, capital costs should be separated from ongoing costs 

when considering any cost savings in the use of CAI in college classrooms. However, the 

future savings from CAI is yet to be determined if projections made by Instructor One, 

that a $100 computer video package could replace $20,000 worth of equipment, is any 

indication of where CM is headed. Jacobs (1995) says that, "our dependence on 

technology implies a long-term commitment and a long-term cost. The commitment is to 

stay current and replace the technology as it becomes obsolete. The costs appear in 

training and learning time, in the software costs, and in the capital cost of hardware" 

(p.34). Recently, changes in technology have affected the costs and it is becoming less 

expensive. 

6. Besides initial costs for hardware and software, small and rural colleges find it hard to 

maintain and purchase upgrades. Faculty members and staff often find themselves, when 

capable, providing support for installing, troubleshooting, and purchasing equipment. The 

funds to provide adequate or even minimal equipment, software upgrades, and technical 

support is usually insufficient requiring advanced planning, or securing outside sources of 

funding, or both. 

7. Students learned to work in teams to solve problems and support each other when 

using CAI. This team approach is a growing trend in the workforce today, and should 
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become a part of increasing practices in college classrooms, especially when the tasks 

involve solving complex problems. 

8. Computer-aided instruction offers students the opportunity to become computer 

literate with increased confidence and ability in preparation for joining the workforce. 

Computer-aided instruction offers students the opportunity to become computer literate 

with increased confidence and ability in preparation for joining the workforce. This is 

especially true for non-traditional students who may not have had such an opportunity 

otherwise. 

Recommendations 

More research needs to be conducted about CAI as a learning tool for students 

with disabilities. More information is needed on how students with mobility 

problems can use CAI in many subject areas that have been inaccessible to them 

because of the hands-on requirements. Research is needed on the effectiveness of 

CAI for students with other disabilities, such as: hearing and sight impairments. 

Students with reading disorders may benefit from CAI using simulations, graphs, 

animation and CD ROM to replace reading materials. 

Student participants in the case study talked about their need for interaction with 

other peers. The area of social-emotional support, perhaps by working in pairs, 
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and the students' beliefs that it enhances their success is another area that warrants 

further investigation. 

Both administrative and faculty leadership continue to weigh the benefits of CAI 

with the overall costs. Gilbert (1995) asserted that education technology and 

transformation are inevitable, irreversible, and unpredictable. He went on to say 

that, "a growing list of college and university students have voted to add student 

fees [$25 - $150 per student per year] to subsidize computer-related purchases and 

services on campus (Gilbert, 1995. P. 16). The cost factor for CAI is multifaceted 

and further studies need to be done to find out the most cost-effective approach in 

planning for the future. For example, further research is needed on whether or not 

students should be required to purchase or lease a laptop computer. The study 

might examine whether individuals' laptop computers are a cost-effective 

alternative for public institutions and the taxpayers. Further studies need to be 

done on whether or not a laptop computer is an effective tool worth the student's 

investment. This is a new trend where students can use their laptops in classrooms 

equipped for individual student access to a network of software options. 

More research is needed about business-industry partnerships with higher 

education. Such a study might investigate methods of sharing resources and 

providing staff development opportunities. The study could also look at outcomes 
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and whether or not these efforts' resulted in a better prepared graduate as she or 

he entered the workforce. 

Sum= 
During the investigative process, it was rewarding, though not surprising, to find 

the faculty intrinsically motivated and committed to helping their students succeed. 

Dedicated educators continue to seek ways to improve the teaching and learning process, 

often using their own personal time and financial resources. During the CAI observations, 

the complete engagement in the teaching and learning process by both the faculty and 

students was notable. As educators try to do more with less, CM may be a promising tool 

for teaching and learning, especially in conserving time, a non renewable resource, and 

addressing the diverse learning needs of students. 
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Appendix A 

Syllabus 

Biology 17, Fundamentals of Biology, a class for use by transfer students and A. A. 
candidates. The evaluation procedures are designed to test the level ofthinking used by 
the student as well as knowledge of core concepts. These procedures will use a 
combination of evaluation tools to objectively assist students with their many styles of 
learning. The course grade will include materials and procedures from both a lecture 
discussion and laboratory settings and will be scored by a minimum of the possible points 
for the following grades: 90% = A, 80% = B, 70% = C, 60% = D. The class is 4 units and 
meets for 18 weeks in Cedar 1 and Sequoia 7/8 labs. The following is the course outline 
for Fall Semester, 1996. Most of the computer simulations are from Logal, Inc. "Explorer 
Systems," and they are run on Macintosh computers. The text is "Biology, Core 
Concepts" 2' Edition (1994) by Levine and Miller; Heath Publishing. 

Week One (August 19) 
Concept: What is science and its role in history and society? 

Readings: Chapter 1 and 2 in text 
Homework: Required readings 
Laboratories: #1 .. Science of bags 

#2 .. Campus walk 

Week Two through Six (Aug. 26 to Sept. 27) Everything is connected to everything else. 
Concepts: The flow of energy and matter in ecosystems 

Readings: Chapters 3 and 4 in text 
Homework: Required Readings 
Laboratories: #3 .. Campus Pond 

#4 .. Exploring Ecology 

Concepts: Populations, Growth Patterns, Carrying Capacity, Effect of humans on 
ecosystems. 

Readings: Chapters 5, 6, 7 
Homework: Required readings 
Laboratories: #5 Population Curves 

#6 Competition and System Management 
#7 Global Warming 
#8 Rain Forest 

QUIZ: 20 Points. In last lab period of Week 5 (Sept. 18 and 19) 
EXAM: 50 Points. In last lecture period of Week 6 (Sept. 25 or 27) 
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V\Jeek seven to eleven (Sept. 30 to Nov. 1) 
THEME: Living things change over time 

Concepts: Introduction of Evolution- -The use of genes to connect the past with 
the present. Genetics of Mendel and others!!! 
Readings: Chapters 8, 9, 10, & 11 in text 
Homework: Required for chapters 8 & 10 
Laboratories: #9 -- Exploring Genetics 

#10 Dihybrid Cross 
f111 Sex Linkage 

Concepts: Population genetics and modern theory of evolution. 
Readings: Chapters 12 & 13 
Homework: Required for chapter 13 
Laboratories: #12 Nagwaw simulation 

#13 Catastrophe simulation 
#14 Evolution project 

QUIZ: 20 PTS in last lab period of week 10 (Oct. 23 or 24)  
EXAM: 50 PTS in last lecture period of week 11 (Oct. 30 or Nov. 1)  

Week twelve to eighteen (Nov. 4 to Dec. 20) 
THEME: Life is an enzymatic reaction taking place on the surface of membranes. 

Concepts: Macromolecules; Enzymes; DNA and the connection to genes. 
Readings: Chapters 14, 15, 17, & 20 
Homework: Required for chapters 15 & 17 
Laboratories: #15 Molecular models 

#16 -- Enzymes 
#17 DNA video 

Concepts: The Eukaryotic cell can be modeled as a cooperative set of 
organelles and membranes where life occurs. 
Readings: Chapters 16 & 18 
Homework: Required for chapter 18 
Laboratories: #18 Nutrition 

#19 DNA/cell report 
#20 cell models and microcsope studies 

Concepts: The role of biotechnology in society and molecular evolution. 
Readings: Chapters 20, 21, & 22 
Homework: Required for chapter 20 
Laboratories: Capstone seminar topic on "What is Life?" 

QUIZ: 20 PTS in last lab period of week seventeen (Dec. 11 or 12) 
EXAM: 50 PTS at scheduled final exam period (To be announced) 
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BIOLOGY 17 SCORE SHEET 
FaH 1996 

Homework Assignments 
1 Chapters 1 2 3 ;As 6 Chapter 13 3 pts 
2 Chapters 3 & 4 3 pts 7. Chapter 15 3 pts 
3 Chapters 5 & 6 3 pts 8. Chapter 17 3 pts 
4 Chapter 8 3 pts 9. Chapter 18 3 pts 
5 Chapter 10 3 pts 10. Chapter 20 3 pts 

Points possible= 30	 Points received 

Laboratories 
1.	 Bag of Corn 1 pt 11. Sex Linkage 3 pis 
2.	 Campus Walk pt. 12. Nagwaws 2 pts1 

3.	 Campus Pond 2 pts 13. Catastrophe 2 pts 
4. Exploring Ecology 6 pts	 14. Evolution Report 3 pts 
5. Population Interactions 5 pts	 15. Molecular Model 2 pts 
6. Population Growth 6 pts	 16. Enzymes 3 pts 
7. Global Warming 2 pts	 17. DNA Videos pt.1 

8. Rain Forest 2 pts	 18. Nutrition 2 pts 
9.	 Exploring Genetics 6 pts 19. DNA/Cell Report 3 pts 
10. Dihybrid Cross 5 pts	 20. Cells Model/Micro. 3 pts 

Points possible = 60	 Points received 

Quizzes 
1.	 Ecology Theme 20 pts 
2.	 Genetics Theme 20 pts 
3. DNA/Cells Theme 20 pts  

Points possible = 60 Points received  

Exams 
1.  Ecology Theme 50 pts 
9.	 Genetics/Evolution Theme 50 pts  

DNA/Enzyme!Cell Chemistry 50 pts  

Points possible = 150	 Points received 

TOTAL POINTS POSSIBLE = 300 TOTAL POINTS RECEIVED 
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Course Outline  

Course Discipline s Number BIOLOGY 17  

Title: FUNDAMENTALS OF BIOLOGY (formerly[ 18 and 19)  

Lecture Hours: 3 hrs Laboratory Hours: 3 hrs Units: 4 units  

I. COURSE DESCRIPTION:  

An integrated lecture and laboratory course of:study emhasizing the  
fundamental principles common to all forms of life. The course is  
a core biology class for transfer students, and AA and AS students  
at Columbia College. The laboratory makes extensive use of  
computer simulations as well as experimentation in traditional  
laboratory. (UC/CSU)  

II. COURSE OBJECTIVES:  

The goal of Biology 17 is to produce students who are active in the  
learning of biological concepts and who, by their comfort with the  
materials, use the knowledge in all aspects of their lives. The  
instructors in the program are dedicated to the principles of  
cross-training in education and are active in teaching biology so  
that it relates to all fields of study in college. The use of  
"high tech" tools also provides students with some literacy in  
computers. We also use common low level tech models, such as field  
trips, clay models, and drama to show how biology is a part of our  
surroundings. And in eighteen weeks, biology is demystified!  

III.COURSE CONTENT:  

The course materials and course calendar require students to do at  
least 6 hours of homework per week; write at least 6-8 pages of  
essay questions and lab reports each week; use math and simple  
algebra; and read college level science texts, tests, and outside  
readings. In a laboratory setting, students will use computers,  

BI017.BR  
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106 The laboratory video equipment, microscopes, and normal lab tools.  individual learning in timed and requires both group learning and  
untimed settings.  

effective Fall 1993 for Biology The following is the course content  
computer simulations 17. Most of the  

Learning."  

Text Charters Lek Les.tura 

1, 2  

Role of Science in  
History/Society  

1	 Science Is..? 

3 2	 Energy and Nutrients 
in Ecosystems  

4 3	 Organism and  
Environment...  
variables  

4	 Population Growth/ 5  

Control; mid-theme  
quiz (15 pts);  
Carrying CapaCity  

5	 Ecosystems 6  

6	 Human Ecology; 7  

theme exam (50 pts.)  

7	 Darwin's Dilemma 8  

Cell Reproduction 9, 10  

Genetics  

10  

Human genetics  
9	 Genetics:  

Biology 17  

are from "Wings for  

Latz 

"How to Build a Better  
Bag of Popcorn": Campus  
Natural History  

Pond Ecology  

Computer eco simu-
lations (4); "Wings for.  
Learning"  

Computer eco simu-
lations (2); Life  
Yeast Study;  
Computer simulations  

Laser program "Biomes":  
Video enrichment (3)  

Video enrichment (2)  
Tree Ring lab; Cap-
stone Seminar  

Computer eco simu-
lation: "Adaptation";  
group biology game:  
"Natural Selection"  

Microscope study;  
"Mitosis/Meiosis"  
simulation  

Computer eco simu-
lation (3); "Wings for  
Learning"  

6/97  



Continued from above  
11	 107Mid-theme quiz 10  

(15 pts.)  
Continued from above; 

12  
11 Neo-Darwinian "Lite on Earth" video/  

laser enrichment  

"Dinosaur" video; 
13  

12	 Speciation "Nagwaw" concept game;  
Theme exam (50 pts)  Capstone seminar  

Building organic 14, 15 
13	 Molecules/Macro- molecules  

molecules  

Cheese chemistry/ 16, 17 Chemical reactions 14  DNA kits  
Genes  

18 Genetic engineer;CD Rom 
Evolution at Mole-15	 Laser Disc/Video 
cular Level  Enrichment  

Microscope lab/ Cell  
16	 The Cell Organization 19  

Model Construction  
Capstone Seminar  

Review Continued  
17  Theme Exam 50 pts.  

Semester review  

Final exam 18  

The course materials and course calendar require students 
to do at  

least 6 hours of homework per week; write at least 
6 to 8 pages of  

questions, and lab reports per week; use math and simple  essays,  tests and outside science text, algebra, and read college level  
In laboratory settings, students will use computers, video  

readings.  learning in .timed and untimed  equipment, microscopes and individual  
settings.  

TV. REPRESENTATIVE TEXT(S):  

The textbook for the program is laicaogy,r.5, by Levine  
DC Heath Co. The laboratory makes extensive  and Miller. 1992.  enrichment actives  

use of computer simulations on "Mac" computers,  

6/97 
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from departmental video collection and image studies from "Laser"  
and "CD Rom" sources as well as microscope work. Experiments are  
designed to be open ended and student driven'. The activities of  
the lecture, text and laboratory events are integrated in time,  
concepts and themes. By these methods, students hear, see, speak,  
manipulate, touch and become interactive with biological concepts  
during the week and theme cycle. The course is taught with the  
knowledge of "Bloom Taxonomy of Knowledge" as a guide to content of  
presentation, of activities and of examinations. Therefore the  
element of critical thinking is a constant companion to student and  
teacher.  

V. BASIC METHOD(S) OF INSTRUCTION:  

The general course organization is by use of themes. Each theme  
begins with an introduction of the theme and ends with a capstone  
seminar. The lecture and lab are on the same themes and different  
only in the format as found between lecture and laboratory. During  
each theme cycle, regular homework is required, a mid-theme quiz is  
given and full exam is presented at the end of each cycle:  
Laboratory reports follow a framework of integrating with text and  
lecture events but are open ended as to finish data and material  
provided in support of the lab event. The capstone seminar at the  
end of each theme cycle is a.place for students to compare,  
challenge and interpret laboratory materials from each other's labs  
as well as their lab reports. The seminar ends with general review  
of concepts studied in the theme. The theme exam follows in the  
next lecture class.  

VI. METHOD(S) OF EVALUATION:  

The evaluation procedures are designed to test the level of  
thinking used by the student as well as knowledge of core concepts.  
The lecture grade part of the course is based on: (1) homework--3  
pts./week; (2) midtheme quiz--15 pts./theme; (3) theme  
examination--50 pts./theme; (4) final examination--75 pts. The  
laboratory grades are based on points: (1)accumulated for each  
activity--various points of 90 pts./theme; (2) evaluation of lab  
folders at end of 9th week and at 18th week; pass/fail progress  
report; (3) capstone seminar-- l0pts. /theme.  

VII. Required Reading:  
A. Assigned selections from the text:  

1. Biglagyscareagagagla, Levine and Miller, 1992.  

Biology 17 6/97  
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VIII.	 Grading Standard:  

The student's course grade will be derived from the following:  

GRADING SCALE  
A = 90 - 100%  
B = 80 - 89%  
C = 70 - 79%  
D = 60 - 691  
F = 59% or below  

IX. SYLLABUS:  

Week 1:	 (Hrs. of anticipated preparation time=6)  
1.	 Course introduction.  
2.	 Lecture/Discussion_Tocics:  

a.	 What is science?  
b.	 Role of science in history/society  

3.	 Eiszlsaault:  
a.	 Read Chapters 1 & 2, in textbook associated with lecture.  

material.  
4.	 Examination: The third hour of class meeting (eisay format).  

Week 2:	 (Hrs. of anticipated preparation time=6)  
1.	 Assignmont-

a.	 Read Chapter 3 (Energy and Nutrients).  
2.	 LeCLUI..2LOPLC2:  

a.	 Introduction to physical laws associated with energy and  
matter.  

b.	 Description of energy flows in normal ecosystems.  
1) Energy efficiencies.  
2) Role metabolism.  

c.	 Description ecosystems which have been polluted.  
1) Pollution by ones load of natural cycles-n=dillitiOn  

usalutiun.  
2)	 Pollution by molecules which have no natural cycles to  

remove then from the system. Bigaggirallaasualiaation.  

Week 3:	 (Hrs. of anticipated preparation time=6)  
1.	 allimmaat:  

a.	 Read Chapter 4 (Organism and environment)  
2.	 josrrilre ToDirq-

a.	 Role of 10% energy law in wild life management.  
b.	 Communities.  
c.	 Concepts of carrying capacity:  

1) Is overpopulation a biological concept?  

Biology 17 5	 6/97  
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or	 decrease the carrying 

2)	 Can technology increase  
capacity.  

d.	 Biomes and world cultural centers.  
Environmentalism, a short histgry.  

Ten students are to maintain a daily 
e.  
f.	 Ongoing assignments:  

reading of written newsprint as to ecological problems in  

our society. 
The third hour of the last part of the week  3.	 Examination:  

(multiple choice, problem solving, and a short essay).  

week 4:	 (Hrs. of anticipated preparation time=6)  

1.	 basisnmeat1:  
a.	 Read Chapter 5 (Population growth.)  

2.	 Lecture Tonics:  
a. (Continuation of previous week)  

In the last half of the week on Population 
3.	 Examination:  

growth.  (Multiple choice and true/false).  

Week 5:	 (Hrs. of anticipated preparation time=6)  

1.	 8.5.51SAMADU1  
a.	 Read Chapter 6 (Ecosystems)  

2.	 Lecture Topics:  
a.  
b.  
c.  

Weak 6:	 (Mrs. of anticipated preparation timema6)  

1.	 alaignmeatz:  
a.	 Read Chapter 7 (Human Ecology).  

2.	 LeSSULDI2121Q1:  
a.	 Prokaryotic/Eukaryotic cells.  
b.	 Organelles of eukaryotic cells.  

1) Appearance.  
2) Functions.  
3)  The classroom or a model of a cell.  

c.	 Mitosis and meiosis.  
In the last half of the class meeting of the 3.	 Examination:  

week. All essay questions.  

(Hrs. of anticipated preparation time -6) Week 7:  
1.	 AmIignm21111:  

Read Chapter 8 (Darwin's Dilemma) a.  
Lecture Topes: 2.  
a.  
b  

3.	 rxam4nation: In the last half of the class meeting of the  

week.  

6	 6/97 
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preparation time -6)  111 (Hrs. of anticipated 
Week 13:  

1.	 alaiscomeuta:  
a. Read Chapters 9 and 10. (Cell 

reproduction)  

LectuZe Tionics: for the DNA and 2. Introduction of the "Cast of Characters"  a.  
protein synthesis story.  

to protein synthesis.  
b.	 Compare mitosis/meiosis  

Describe codons/anticodons. c.  
d.	 Describe DNA duplication.  

Describe mechanism of protein synthesis.  e.  
Describe a mutation. f.  
Discuss the roles of genetic engineering 

and recombination  
g.  

DNA techniques in modern research.  

Review of protein. h.  
Shape of protein. i.  

j.	 Lock-key mechanism.  
Life is an enzymatic reaction.  

The last half hour of the last hour 
of the week k.  

Lecture Exam:  
(50% essay and 50% multiple choice).  

preparation time=6)  

3.  

(Hrs. of anticipated 
Week 9:  
1. .26.1A1ULEZatk:  (Human Genetics). Read Chapter 10 and 11.  

2 T,pe.ure Tonics:  
Concepts and terms of. mendelian genetics.  

a.  

a.  
b.	 Methods of problem solving.  

c.	 Review of homework.  
Special types of cases of inheritance.  d.  

(Hrs. of anticipated preparation timeft6)  
Week 10:  
1.	 Midtheme quiz.  

preparation time -12) (Hrs. of anticipated Weeks 11 and 12:  
1.	 Aaaignmanta: Genetics and 

13	 (Population 12	 and  a.	 Read Chapter  
Speciation). 

One page essay of student's choice with 
library  

b.	 Homework: Sources must be  
sources on a topic in animal evolution.  

Due day of test. since 1960.  
2.	 Lectur= Tonics:  

Gene flow in populations. a.  
b.	 Effect of age and sex ratios.  

Characteristics of population curve.  c.  
Description of the process of speciation. d.  

e.	 Forms of isolation.  
f.	 Evolutionary patterns.  
g.	 The characteristics of biological 

population.  

Gene pools and frequencies. h.  
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Importance of size of numbers.  i.  
Readings of variation and selection 

from Chapter 14.  
j.  
k.	 Theory of natural selection.  

Hardy-Weinberg's Law. 1.  
m.	 Selection process.  
n.	 Written homework for the second half 

hour of the week.  

Multiple choice. 
3.	 Examination:  

preparation time -6) 
(Hrs. of anticipated 

Week 13:  
1.	 assignmenta:  (Molecules/Macromolecules). Chapters 14 and 15. a.  

2.	 laCtULE-I2.2ig.1:  
a  
b.  
c.  

preparation time -6) 
(Hrs. of anticipated Week 14:  

1.	 AcAlanment:  
Read Chapters 16 and 17. (Chemical reactions) A.  

2.	 Lag=2TODiol:  
a.	 Periodic table.  
b.	 Molecular families.  
c.. Role of carbohydrates, lipids, and 

protein.  

Mechanism of enzyme action. d.  
e.	 DNA-RNA  of the week on Chemistry In the last half 3.	 Examination:  
(multiple choice and true/false).  

(Hrs. of anticipated preparation time=6) Week 15:  

1-	 ilaSign2lent.:.  (Evolution at Molecular Level)  
a.	 Read Chapter 18.  

2.	 LeCtUZI1=22.1.  
a.  
b.  
c.  

(Hrs. of anticipated preparation time=12) Week 16:  

1.	 A.21.12==.1:  
Chapter 19. (The Cell Organization) a.  

2.	 LeCtilLe1221cl:  
a.  
b.  
c.  
Make-up work for students cussing exams is also due 

in make-up  
3.  

schedule for week 17.  
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1. Theme examination? 50 pcint!--

2. Semester review. 

Week 18: 
(Hrs. of anticipated 

preparation time=6) 

1. Final Examination. 
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Appendix D 

Computer Worksheets 



116Exploring Population Ecology 

To begin: Open Exploring Ecology following the procedures you just learned. 

A. INTRODUCTION  
It is impossible to model even a "simple" ecosystem completely. However, modeling is a powerful tool for  
discovering general principles. The simulations below are highly simplified, but they allow you to observe and  
study basic principles of population growth and regulation.  

Lake Logal is a large fresh-water pond surrounded by a meadow. The local park service wants to develop the 
lake for sport fishing and has hired you as a consulting biologist. Only algae exist in the pond. The lake is 
stocked with about 15 fish which feed only on algae (for example, St. Peter's Fish, a variety of Tilapia, is a popular 
food fish which feeds on algae). 

GOAL: You want to find how the fish population changes over time. 

1.	 Answer these questions with what you have already learned in class: this information is aol on the screen. 
a) What trophic level are the algae? Producer Primary consumer Secondary consumer 

b) What trophic level are these particular fish? Producer Primary consumer Secondary consumer 

Now you are ready to begin the exercise! (If the simulation is running, click the STOP tool to reset the values.) 
RUN the simulation, and watch the fish population growth curve on the left of the screen. 

2. Sketch the curve, then click STOP. (If you miss it, just click stop, then run it again). 

a) At what size does the population level off? (Read this in the box below the graph). 

b) What do you think might determine this level? 

The number of individuals when the population size reaches a constant number is known as the pqiiilihritim 
tempi In every population, over time, individuals are born and individuals die. The number of births per unit time 
is called a population's birth rate (BR). The number of deaths per unit time is called a population's death rate (DR). 

3. If you could measure the birth rate (BR) and the death rate (DR) of the fish what would you expect to be the 
relationship between them: 

a) when the curve is rising steeply? (circle one) BR > DR BR < DR BR = DR 

b) when the population is at equilibrium ? (circle one) BR > DR BR < DR BR = DR 

Test your hypothesis by clicking on the "Births and Death Rates" button below the graph in the left window. This 
tool measures the numbers of births and deaths of the fish population. Familiarize yourself with the colors of the 
graph. Now run the simulation again. 

4. Describe the relationship between the birth rate and death rate during the following two phases: (You may 
have to run this twice to catch it!)(Circle one) 

a) When the curve is rising steeply: BR > DR BR = DR BR < DR 

b) At the equilibrium level: BR > DR BR= DR BR < DR 

c) Did this match your hypothesis? 
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GOAL: Now you will explore how adding a limited number of fish, or allowing extensive  
fishing for a short time, will affect the equilibrium level of the population.  

Reset the population number by clicking on the Population Growth button. Now read the following paragraph 
through, before beginning: 

Set the fish population to between 50 and 60, using the black triangle population number slider. Run the  
simulation until equilibrium is reached. (Remember: equilibrium means the population numbers have stabilized,  
and the graph line has leveled out. Read the number in the box below the graph). Then, while the simulation is  
running, change the population number with the black triangle to other values, larger and smaller. After each  
change wait until the population has leveled off before you change it again In each case, record the  
population's initial size and its equilibrium level below. (If you overstock the lake and kill off the fish,  
note it also, press the OK button on the obituary notice and start again!):  

1. Initial Population Size 

Equilibrium Level 

2. Did you kill off your fish in any of the experiments? If so, why did this happen? 

3. In your simulations that did at involve a population dying off, what can you conclude from this data? (circle 1) 
a. Equilibrium levels change depending on initial population size. 
b. Equilibrium levels are not affected by initial population size. 

Based on your observations: 
4. What effect will stocking the lake with extra fish have? 

5. What effect will short term extensive fishing have? 

Run the simulation again, adding then subtracting fish after equilibrium is reached, but this time observe the pie  
chart of birth and death rates.  
6. Which of these experiments results in a situation in which the Death Rate is higher than (>) the Birth Rate? 

(circle one) when fish are added when fish are subtracted 

C. CARRYING CAPACITY 

The population of fish stops increasing when the pond cannot support a larger population size. This equilibrium 
level of the population is determined by the carrying capacity of the pond for this fish; it is the number-of fish that 
the pond can carry, or support. (Note that the two terms equilibrium level and carrying capacity can relate to 
the same population size. However, equilibrium level is a characteristic of the population, while carrying capacity 
is a characteristic of the environment in which the population lives.) 

1. The carrying capacity of an environment can change in response to various factors. In this case, what factors 
might affect the carrying capacity of this lake for herbivorous fish? 
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Variables which limit the growth of a population are known as limiting factors. One possible limiting factor of the  
fish population is food supply, which is represented by the carrying capacity of the lake for algae. To explore  
this, you will change the carrying capacity of the lake for algae, and see how it in turn affects the carrying  
capacity of the lake for the herbivorous fish.  

Start each simulation by setting the number (black triangle of fish to about 5 or 6, and the carrying capacity  
of the fish arrow (blue triangle) to the top of the box. This models a fish population level where the numbers are  
regulated only by food supply. \  

Run the simulation with various carrying capacity values for algae, (green triangle) recording them 
below. For each new, nae carrying, canacity start with a fish population size of 5-6, as described above. Record  
your results below. Note: Record the resulting number of fish (black sliding triangle), not what the fish carrying  
capacity arrow says.  

2.	 Initial Carrying Capacity of Lake  
for Algae (read from green triangle)  

Resulting Number of Fish in Lake 
(read from blue box below graph) 

(If these numbers are the same, seek help) 
Now that you have your data, play around a little with the carrying capacity slider for algae while the simulation is 
running, and see if you can predict what will happen to the fish population. 

3. What can you conclude about the effect of food supply (algae) on Lake Logal's carrying capacity for fish? 
Circle One: 

a. Carrying Capacity of the lake for algae will determine the carrying capacity for herbivorous fish. 
b. Carrying Capacity of the lake for algae will have no affect on carrying capacity of herbivorous fish. 

D. FOOD WEBS - BIOTIC CHARACTERISTICS 

GOAL: The county board wants the park to be popular with fishermen. You decide to try to 
achieve the highest possible population growth rate of fish. You experiment with two 
different species of fish. 

Click on the button named Two Populations" which is at the bottom of the screen. The Model window will now 
display the growth of algae and of two species of fish. This system cannot be represented by the simple straight 
line of the food chain in the previous section; now we are dealing with a food web. Both fish compete with each 
other in feeding on the algae. 

Using the black sliding triangles, set the sizes of the two fish populations at the same value close to 9. Run the 
simulation, watching the graph closely. The colors (red and blue) correspond to the color of the model for each 
fish. The colored boxes under the graph represent the number of fish, and the black box represents time units. 

1. How do the two growth curves differ? (Circle one) 
a. blue fish population grows faster; equilibrium levels are similar. 
b. red fish population grows faster; equilibrium levels are similar. 
c. blue fish population grows faster; equilibrium levels are very different. 

2.	 Click on "Two Populations" and RUN again to get the following data: 
Equilibrium level Time to reach equilibrium 

red fish 

blue fish 
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3. Note that both fish populations are in the same environment, with the same carrying capacity, eating the 
same food source. Name at least one factor which might be causing one species to grow faster than the other: 

This computer simulation allows us to look at factors which affect growth rates in these populations. The inherent 
characteristics of an organism which affect its number and distribution in an ecosystem are known as biotic 
characteristics. 

Click on STOP and then on the BIOTIC tool (second from the bottom, showing a hand drawing a rabbit). This 
tool allows you to examine the biotic characteristics of the two species of fish in Lake Logal, such as: the age to 
reproductive maturity, the number of offspring they can leave, their longevity, biomass (similar to weight) and 
speed. Since you are looking at growth rates of populations, you need to look at factors that will affect this: how 
fast they can bear young, and how many young they produce. 
4. a. Record the data : Age of Reproductive Maturity (yrs.) Average Number of Offspring 

Blue, Curved fish 

Red, Straight fish 

b. How do you think these differences could explain the different growth curves? 

5. Suppose you could change one of the above biotic characteristics of the red straight fish in order to reach  
carrying capacity faster.  
Which characteristic would you change? Would you increase or decrease it?  

To test your idea you will run the simulations with different inputs FOR THE RED STRAIGHT FISH ONLY, and 
ooserve when this species reaches equilibrium. 

6. Change the MATURITY biotic variable FOR RED STRAIGHT FISH ONLY (middle row in the Biotic tool box). 
To change the biotic value, click on the number and colored shading will appear over it. Now type in the new 
value, and record it below. 

a. Change values from (orig. value) to (new value) 

Press RUN to start simulation. Record eqiiilihrium level and the time at which the population pf the red straight 
fish reaches equilibrium (Note: the two species will not necessarily reach equilibrium at the same time. Watch 
the red numbers only until they stabilize). 

b. Equilibrium # Time to Reach Equilibrium 

c. How did this affect the growth curve of the red straight species? 

7. Reset the original values by clicking on the Two Populations" button, and vary the OFFSPRING 
NUMBER FOR THE RED STRAIGHT FISH ONLY: 

a. Change values from (orig. value) to (new value) 

Press RUN to start simulation. Record equilibrium level and the time at which the population of the red straight 
fish reaches equilibrium, (Note: the two species will not necessarily reach equilibrium at the same time. Watch 
the red numbers only until they stabilize). 

b. Equilibrium # Time to Reach Equilibrium 

c. How did this affect the growth curve of the red straight species? 
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8. Now run 2 simulations with the following combinations of these two variables FOR THE RED STRAIGHT FISH  
ONLY. Remember, equilibrium means when the numbers stabilize-- not when they are equal. Be sure to reset  
by clicking on Two Populations" before changing the numbers.  
Record your results here:  

Age of Reproductive Average Number Equilibrium Time to ReachMa Iuht,LafLf14rlagLfsaLEsluiliLriuna_ 
1 5 

(Reset)  
3 3  

9. In view of your goal of rapid population growth, what biotic characteristics would you look for in choosing a  
fish for stocking in Lake Logal? (Circle one)  

a. Older maturation and large number of offspring 
b. Younger maturation and smaller number of offspring 
c. Younger maturation and larger number of offspring 

E. TWO COMPETING POPULATIONS  
After a period of very heavy rain, you discover that a population of herbivorous zooplankton has been washed  
into Lake Logal. Zooplankton are tiny crustaceans and other animals, which (like the fish in the lake) eat algae.  

GOAL: You study the effect of the zooplankton population on the fish population. 

Click on "Competition" at bottom of screen. As you can see, Lake Logal now contains two animal populations, 
fish and zooplankton, that are feeding on the same algae population. 
1. List two possibilities of how the presence of the zooplankton might affect the growth curve of the fish. 

To test your prediction, set the population numbers (black triangle) of the two herbivore species to about (=)20. 
2. Run the simulation and record the equilibrium levels of the two populations: 

Zooplankton: Fish: 

Now, find at what level the populations would be in the phsence of each other. For comparison, use the ARROW 
tool to set the zooplankton population to zero. (This simulates its death, perhaps from a change in water quality.) 
Now continue the simulation. 

3. What is the equilibrium level of the fish in the absence of the competing zooplankton? 

Try the same experiment in reverse. Set the zooplankton numbers back up to 22 and eliminate all of the fish. 
Observe the zooplankton growth curve. 

4. What is the equilibrium level of the zooplankton in the absence of the competing fish? 

5. Summarize your results in the following table: 

Initial Population Levels Resulting Fguilibrium I evels 

a. Zooplankton: = 20 Fish: = 20 Zooplankton = Fish = 

b. Zooplankton: 0 Fish: = 20 Zooplankton = 0 Fish = 

c. Zooplankton: = 20 Fish: 0 Zooplankton Fish = 0 
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6. What percentage decrease occurred in the zooplankton population? 

7. What percentage decrease occurred in the fish population? 

8. How do the two populations of herbivores seem to affect each other? 

9. In this simulation, which species of herbivore has a competitive advantage? 

F. PREDATION  
Lake Logal supports a population of small fish which feed on algae.  

GOAL: Sport-fishing enthusiasts would like a bigger game fish in the lake. You decide to 
add a new species, which feeds on the small species of herbivore fish. 

1. What result do you think adding a predator will have on the herbivorous prey species? 
(Circle one): a. increase equilibrium level of prey 

b. decrease equilibrium level of prey 
c. have no effect on equilibrium level of prey 

Click on "Predation." The Model window now displays a system of four organisms. Set the predators number to 
zero, and run the simulation. Record the equilibrium level of the herbivore populations in the absence of 
predators: 
2. Herbivorous fish Zooplankton 

3. What would you expect to find if a "predator fish" population were added to the system? Make a prediction. 

While the simulation is still running, test your prediction by stocking the lake with about twenty predator fish. 
Record the equilibrium levels: 
4. # of herbivorous fish: # of zooplankton: # of predator fish: 

5. What seems to be the impact of the predator fish on the ecosystem? (Circle one) 
a. keeps equilibrium level of both zooplankton and herbivorous fish down 
b. keeps equilibrium level of herbivorous fish only down 
c. keeps equilibrium level of zooplankton only down 

6. Based on these findings, what impact will the addition of a larger predaceous game fish to the lake have on 
the herbivorous fish? 

The Model window diagram shows a food web consisting of three levels: 
plants (producers) herbivores (primary consumers) preclator(secondary consumers) 

These levels in a food web or food chain are called the trophic (food) levels of an ecosystem. 

7. If you were to add up the mass of all of the herbivores in Lake Logal at equilibrium, how do you think it would 
compare with the combined mass of all the algae? (Circle one prediction) 

a. herbivore mass > algae mass 
b. herbivore mass < algae mass 
c. herbivore mass = algae mass 
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Set the predator fish population to 6, and run the simulation until it reaches equilibrium. Click on the "Pyramid" 
button (far right) in the top Model window to see a graphic representation of the food web Click on the "Total 
Biomass" button in the picture window, and the display shows the relative biomasses of the three trophic levels. 
This diagram is called a food pyramid. (It is also called an ecological pyramid). Click on each of the bars to obtain 
numerical values for the biomasses of the three levels. 
8. Record the values: 

La Secondary C.onstimer 

If.2 Primary Consumer 

Producer 

9. What is the ratio of the total biomass of the algae to that of the total herbivore biomass in this situation? 

(Divide #1 by #2) = : 1 

10. What is the ratio of the total biomass of the herbivores to that of the predators in this situation? 

(Divide #2 by #3) = : 1 

11. Why is such a large ratio of producers to primary consumers and primary consumers to secondary consumers 
necessary for a stable ecosystem? 

G. MAINTAINING A BALANCED ECOSYSTEM 

The building of new subdivisions and shopping centers upstream from Lake Logal causes an increase in run-off 
water reaching the lake. The high concentrations of phosphorus and nitrogen in this water cause massive 
"blooms" of algae, which soon die, giving rise to a high bacteria population which uses a lot of oxygen in growth 
and metabolism. These large-scale changes in algae and bacteria populations cause large fluctuations 
(decreases) in oxygen content in the water, which most fish cannot survive. This process, called 
eutrophication, can lead to the death of the fish populations of a lake. 

GOAL: Your challenge is to create a stable system to prevent an excessive growth of algae
in order to keep Lake Logal alive. 

You decide to introduce three species: 
A) An herbivorous fish (primary consumer) which eats algae and is a popular prey for human fishermen 
B) Zooplankton (another primary consumer) 
C) A predator fish (secondary consumer) which eats the herbivorous fish and is also a popular prey for 

human fishermen 

Click on "Maintaining a Balance" and run the simulation.  
Once the stocked populations have reached equilibrium, list the equilibrium levels of each:  

Predators: Zooplankton: 

Herbivorous Fish: Algae: 

Now test the impact of changes in the various populations. For each of the following conditions, predict the 
effect, and then test your prediction. After each simulation run record your data and then .li .k on "Maintaining 
a Balance" to_resetlhelab to initial conditions before trying a different variation 
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Record your observations below 

CONDITION EFFECT ON POPULATIONS OBSERVED AT EQUILIBRIUM 
Species New Equilih Circle one effect 

50% reduction of Predators:.	 

up down no change die offpredator fish population 
(medium fishing) Herb. fish: up down no change die offTo do this reduce the 
Carrying Capacity of Zooplankton: up down no change die offPredators (brown slider) 
by 50% Algae: up down no change danger ofRESET 

eutrophication 
2.	 50% reduction of Carrying Predators:	 up down no change die offCapacity of herbivorous fish 

population (medium fishing) Herb. fish: up down no change die offchange K by 50% 
Zooplankton: up down no chaclge die off 

Algae: up down no change danger ofRESET 
eutrophication 

3. 90% reduction of Predators: up down no change die offpredator fish population 
(heavy fishing) Herb. fish: up down no change die offReduce K to 10% of 
original value Zooplankton: up down no change die off 

Algae: up down no change danger ofRESET 
eutrophication 

4. 90% reduction of Predators: up down no change die offCarrying Capacity for 
herbivorous fish pop. Herb. fish: up down no change die off(heavy fishing) 
Reduce K to 10% Zooplankton: up down no change die offof original value. 

Algae: up down no change danger ofRESET 
eutrophication 

5.	 Elimination of Predators: up down no change die offzooplankton population  
(sudden freeze)  Herb. fish: up down no change die offSet numbers  
to zero  Zooplankton: up down no change die off 

Algae: up down no change danger of 
eutrophication 

6.	 Which experiment(s) provided for a 
healthy lake (no danger of eutrophication)? 

7.	 Which experiment(s) provided the highest stable
number of game fish (predators and herbivores)? 
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Based on this data, answer the questions below to help maintain a healthy lake (i.e. no
eutrophication) and a popular park (i.e. the presence of game fish). 
8. Should there be restrictions on fishing for the herbivorous fish? YES NO Why? 

9. Should there be restrictions on fishing for the predator fish? YES NO__ Why? 

Suppose the county wants to spray insecticide in the area surrounding the lake to reduce the problem of 
mosquitoes in the area. However, the insecticide may wash into the lake and kill much of the zooplankton
population. 
10. Based on the data above, how would you predict this might affect the long-term planning for the park in 
terms of maintaining a stable system? 

TO QUIT EXPLORING ECOLOGY -- Move cursor to the top menu bar. Click and hold on File and drag
mouse down to highlight Quit, and let go. 

Jf you are_leaving_the lab turn off the computer by moving the cursor to Special. Click and drag to highlight
Shut down, and release. 

Jf you are going on to a new assignment do not_shut clown.. Follow the instructions given on the lab sheet. 
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Appendix D 

Population Growth 

Name:  

Points Earned:  
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Population Growth  

Introduction 
Every population in nature is a changing entity. In each population of organisms, individuals are born and 
die. This gives rise to population growth, which is the change in population number per unit time. In this 
activity, you will investigate this phenomenon by studying two related population growth curves. 

If you are starting this activity new, turn on the computer and proceed as follows (If you are continuing from 
Exploring, quit Exploring first): 

to VNote: if the triangle is not pointing downward, click on it once 

V Classes 
V Biology 

Population Ecology 
V Ecology Activities 

Population Growth (Quickly click twice on the symbol to the left) 
(If you need to make the window box bigger, click and hold on the bottom right corner, and drag it down 
and to the right). 

Two model windows will appear on the screen. The left window, titled Rabbit Population, shows your 
data graphically and numerically. Remember to use the hand cursor. You will run the simulations in the 
right model window, titled Population Growth. 

I. "S" and "J" Curves 
One of the best-known examples of human intervention in an ecological system with unexpected results 
is the introduction of rabbits into Australia in the 1930s. In this simulation, you will examine the history of 
this intervention by comparing biotic characteristics of populations in their native habitat and in Australia. 

A . Click on the "Rabbits in America" button in the left model window labeled Rabbit Population. To 
observe the growth of a rabbit population in North America (its original natural habitat), click the RUN tool. 

Sketch the growth curve called an S-curve (also known as a )ogistic curve):  
Rabbit Population Size in North America  

List two "limiting factors" that might prevent the population of rabbits from continuing to grow. 

a. 

b. 

B . Rabbits from North America were introduced into Australia and New Zealand as a source of meat. Click 
on the "Rabbits in Australia" button, and run the simulation. 

Sketch the growth curve called a J-curve:  
Rabbit Population Size in Australia  
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List two possible explanations for this result: 

a. 

b. 

BackTo check your hypotheses, stop the simulation and click on "Rabbits in America" in the left window. 
in the right window, use the BIOTIC tool (second from bottom; hand drawing a rabbit) to record the biotic 
characteristics of the rabbits in America. Then click on "Rabbits in Australia," and record the observed 
biotic characteristics. Also, compare carrying capacities of the two environments for rabbits and for grass. 

rabbit Biotic Tool America Australia 

Age of Reproductive Maturity (years) 

Offspring per Litter 

Longevity (years) 

Press arrow tool to return to model window. To display the carrying capacities, use the ARROW tool to 
click and hold on the blue and green triangles for each habitat. 

Carrying Capacity for Rabbits 

Carrying Capacity for Grass 

The biotic characteristics of the rabbits in Australia, as well as the carrying capacity of that environment for 
the grass and rabbits, reflect the influence of ample food and a lack of predators. These factors are 
responsible for the differences noted in the above data table. (In America rabbits have a limited food 
supply as well as natural predators). All factors in the table, except for age of maturity, favor the growth of 
rabbit populations in Australia where they have longer life spans, more offspring per litter, and more food. 

Ecologists refer to the factors that limit the growth of populations as either density-dependent or density-
independent. Density-dependent factors, such as competition or disease, have increasing effects as the 
population grows larger. Density-independent factors, such as fires or hurricanes, affect populations 
regardless of their density. 

(Circle one) 
Are the limiting factors for rabbit growth in America: density-dependent, or density-independent 

C . Run the Rabbits in Australia simulation again. The growth curve of the rabbits in Australia rifterns to be 
on its way to infinity.  

What do you think will eventually happen to the rabbit population?  

Click on STOP to reset. To get a more complete view of events, click on the "Change Scale" button at the 
top left of the Rabbit Population window. This changes the scale of the graph, showing a higher limit. 

Run the simulation and sketch your result. 
Rabbit Population Size in Australia. 
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What happens to the J-curve you observed previously? 

How might you explain this result? 

In fact, the J-curve is rare in nature; it can be understood as the exponential part of the S-curve (logistic 
curve). Eventually, any population will reach a limit, as determined by its biotic factors and the 
environmental conditions. Eventually the J-curve will either flatten out into an S-curve (at a higher 
population level) or "crash," either to a lower equilibrium level or to extinction. 

D . In Australia, the rabbits reproduced "out of control," leading to large-scale destruction of wild and 
domestic plants. The people of Australia needed a way to stop the continued rapid growth of the rabbits. 

To control the population, a virus (Myxomatosis) was introduced. This virus is highly (though not 100%) 
lethal to rabbits. To simulate this solution, click on the "Rabbits in Australia" button and run the simulation. 
Wait until the rabbit population reaches equilibrium level, and then click on the "Add Virus" button in the 
left model window. Sketch your result. 

Flabbit Population Size in Australia with Virus 

Now that the virus is established in Australia, what do you think will happen to the rabbit population 
over the long run? 

E . Make sure you are still in Australia! (Button should be red.) Click on "Remove Virus." 
- Move cursor to the Work Windows, menu at the top of the screen. Click and drag down to highlight 
All Inputs and release. 
- Record all of the biotic and environmental variables for the rabbit population. This is the 
second column. titled Population 2. Look at the variables for longevity, maturity, offspring No. and 
endurance and record them below under"Australia Without Virus." 
- Click in the small "close" box in the left top of the All Inputs window. This will return you to the 
Rabbit Population Work window. 
- Now click on "Add Virus." You will look at the same variables now for the rabbit population with the 
virus. Go back into the Work Windows. All Inputs to record the variables listed in the second column 
again for the rabbits. They should be different than the first numbers you recorded. Record them 
below under"Australia With Virus." 



Read AU Inputs from Column 2: 
K (Carrying Capacity) 

(Remove Virus) (Add Virus)
AustaliaWithoulariaAustallaalit Virus 

1 E +03 = 1000 1 E +03 = 1000 
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Longevity 

Age of Maturity 

Offspring Number 

Endurance (of Starvation) 

(Click on the "close" box to return to the model window) 
Compare the two populations. The values put in for the Rabbits "withvirus" were meant to simulate 
the effect of the virus. What effect did the virus have on the rabbits in Australia? 

II. Effect of Food Supply  
Another method of controlling the rabbit population, without viruses, might be to control its food supply.  
In the simulation there are three variables relating to the grass supplyfor the rabbits:  

Ngrass, the initial quantity of grass currently available (controlled in the Model window, using the 

black slider in the grass bar graph) 

rgrass, the growth rate of grass (controlled using the BIOTIC tool) 

Kgrass, the carrying capacity of the environment for grass (controlled by the green slider on the 

left side of the grass bar graph) 

GOAL: You will change these three variables to assess the long range impact on the 
rabbit population. 

A . Click on "Rabbits in Australia." Select "Remove virus" (it should be red). Leaving Kgrass and rgrass at 

their initial values, try varying the amount of grass (Ngrass) First let the simulation run, then gradually 

reduce the amount of grass (black triangle in green window) to different levels, until there is an effect on 
the rabbits. The equilibrium level that the rabbit population reaches represents the current carrying 
capacity of the environment for this population. 

Record your data below. 
Equilibrium Level for RabbitsMorass 
(represents Carrying Capacity) 
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population? (Circle one) 

a.	 effective long-term control for reducing equilibrium level of rabbits 

b.	 effective short term control for growth; not an effective long-term solution for reducing equilibrium  
level of rabbits, unless it is reduced to the point of causing rabbit extinction  

ineffective short-term control; no effect on growth curve or equilibrium levelc. 

B. Click again on "Rabbits in Australia," Leaving Ngrass and Kgrass at the original values, try varying the 

rate at which the grass grows (rgrass) You must use the biotic tool tochange the growth rate of 

the grass to the rates indicated below. Note that this variable cannot be changed while the model is 
running. (Remember this is a model only: growth rates in nature are not only an intrinsic attribute of a 
species; they are modified by food availability, lack of space, etc.). DO NOTRECORD EQUILIBRIUM 
LEVEL UNTIL POPULATION HAS STABILIZED (the numbers stop changing). 

[grass	 Equilibrium Level For Rabbits 
(represents Carrying Capacity) 

Current growth rate = 10.0, 

7-5. 

5-11 

2-5. 

What do you conclude about the effectiveness of rgrass as a control of rabbit population? (Circle one) 

reducing the growth rate of grass to 75% of the original has a significant impact on the carrying 
capacity for rabbits. 

a. 

b.	 reducing the growth rate of grass has a significant effect on the rabbit population only if it is  
drastically reduced. Otherwise, the only impact is that the rabbit growth rate is slowed.  

c.	 reducing the growth rate of grass by 50% will reduce the carrying capacity of the environment for  
rabbits by 50% and therefore, is an effective, long-term control for rabbits.  

C .	 Click again on "Rabbits in Australia" to reset rgrass and Ngrass to their initial values. Now you will vary 
the carrying capacity of the environment for grass (Kgrass) and observe the effect on	 rabbit population.  

Choose your own values, and record your results below.  

Equilibrium Level for RabbitsEar_aas. 
(represents Carrying Capacity) 
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What do you conclude about the effectiveness of Kgrass as a control of rabbit population? (Circle 1): 

a. Controlling Kgrass will have no long term affect on the rabbit population 
b. Controlling Kgrass will have only a short-term affect on the rabbit population 

Reducing Kgrass will effectively limit the rabbit population as d. long-term solution.c. 

To summarize the effect of these variables, consider the following 'Thought experiment." Pretend you are 
charged with controlling the rabbit population for the long-term, and can do the following: 

You are contrnIting (Circle One). 

Mow the grass regularly, 
reducing the amount available 

Ngrass rgrass Kgrass 

Spray a growth regulator on the 
grass to retard its growth rate 

Ngrass rgrass Kgrass 

Make a significant portion of the grassland 
unavailable to rabbits by paving, continually 
plowing, or fencing. 

Ngrass rgrass Krabbit 

Introduce a virus or other predator Nrabbit rrabbit Krabbit 

Which of these options would you choose for a long-term solution to rabbit overpopulation on vast 
acreage of range land in Australia? Explain your recommendation. 

Is this solution an economically feasible option? 

Is it good for other native herbivores? 

To Quit the program, go up to File. Click, hold, then pull mouse down to Quit and let go. 
To turn off computer, go to Special. Click, hold, pull mouse down to Shut Down and release. 



T32Appendix D 

Biology 17  
Spring 1997  

Computer Labs  

for  

POPULATION INTERACTIONS  

NAME: 

POINTS 
EARNED; 



Population Interactiond	 133 

Introduction 
Populations in the same ecosystem interact with each other in a variety of ways. In this activity you will 
investigate two major types of population interactions rompetition and =Ian= 

If you are starting this activity new, turn on the computer and proceed as follows: (If you are continuing 
from Population Growth, quit first): 

Note: if the triangle is not pointing downward, click on it once to V 
V Classes 
V Biology 
V Population Ecology 
V Ecology Activities 

Population Interactions (Quickly click twice on the symbol to the left) 

Three windows will appear. The left model window with a graph and five selection buttons is titled 
Competition. The right window, titled Population Interactions, represents a square area of the 
medium (i.e. food and living space) in a dish. This is where you will perform the simulations. Choose a 
Relationship is the title of the small window with only two buttons in the lower right of the screen. 

1. Competition 
What happens when two related organisms need the same limited resource? In the 1930$, the Russian 
ecologist G.F. Gause and his colleagues performed a series of experiments which addressed this 
question. He grew two species of single-celled animals (Paramecia) in a dish containing a limited amount 
of bacteria, which they used as food. This activity is based on these classic experiments. See your text for 
a discussion of these experiments. 

In the Choose a Relationship window click on "Competition." Then in the left Competition window 
click on the red "Both" button. The Paramecia will be represented by colored dots in the right 
Population Interactions window. 

Gause worked with two related species p caudatum (green in the model) and P. aurelia (blue in the 
model) His first experiment was conducted in a homogeneous (meaning ''same" mix) medium, in which 
the bacteria (food for the paramecium) were distributed evenly throughout the dish. Click on the blue 
"Homogeneous" button in the left Competition window. 

A.	 Individual Populations 
Based on your past experience with population growth models, what would you expect to be the 
shape of the growth curve of either species? Sketch yourprediction fore caudatum. 

Paramecium caudatum 
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To check your prediction tarp. eauriatum click on "Paramecium caudatum" in the left window. Notice that 
only green dots are represented in the right window. RUN the simulation to equilibrium, then STOP. 

Was your prediction correct? Yes 

What would you expect to be the shape of the growth curve of P. aurelia? 

To check your prediction, click "Paramecium aurelia" on left. RUN simulation to equilibrium, and STOP. 

Was your prediction correct? Yes No 

B. Combined Populations 
What do you think will happen when these two populations are grown together? Make a prediction.  

PREDICTION  

To check your hypothesis, click on "Both" on left. RUN the simulation. If the prompt box says "The 
Population of Micro 2 has died out!" click the OK button. Continue simulation to equilibrium, then STOP. 

Sketch the result in the following graph: 
ACTUAL 

p caudatum and p aurelia 

What were the equilibrium populations of both species? P. caudatum: P. aurelia: 
Describe in words what this graph means: 

C. Resources/Differences 
For what resource in the dish might these two species be competing? 

Both populations need the same limited resource (in this case food). P. smells is best adapted to utilize 
this resource in this medium, resulting in the extinction of P. caigiatiim The adaptive characteristic might 
be increased mobility, heightened chemical sensitivity to food, or a more efficient digestive process,etc. 
Use the BIOTIC tool to examine the biotic characteristics of the two species. 
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What differences do you find that might account for the initial differences in the growth curve? 

Can you see any other characteristics that would account for the eventual extinction of P. caudatum? 

Click on the ARROW tool to disengage the BIOTIC tool. Open the FOOD WEB display byclicking the 
button titled "FOOD WEB" on top of the right model window. Notice that on the lines connecting the two 
populations there are two bracket-shaped sliders ([ & ]). These control the vulnerability of each species to 

.6 .1 .11' 1-competition by the other. I I I I I : 

Use the ARROW tool to click on the sliders to obtain the vulnerability coefficient (in small bar at top of  
window) for the two species of Paramecium:  

p caudatum. p aiirelia  
("Micro 2") ("Micro 1")  

These values are awarded to the species in the simulation to mimic what happened in the laboratory. 

Based on your examination of the characteristics of the two species, how would you explain the  
competitive advantage of p. aurelia? (Circle one):  

a.	 p aurelia has a higher growth rate but also has a competitive advantage. 
b. P aurelia has a lower growth rate but also has a competitive advantage. 
c. p aurelia has a lower growth rate and is at a competitive disadvantage. 

D. Gause concluded that when two closely related populations are dependent on the same limited 
resource, the populations will compete, and only one population will survive. This generalization is called 
the cOMpAtitiVP Pxchision principle. 

Another way to understand this conclusion is to think of each organism as having a unique niche. which 
can be defined as the ecological requirements (e.g., food, space, temperature range) it needs in order to 
exist. Each organism is adapted to its particular niche. The competitive exclusion principle 
leaches us that two species cannot occupy the same niche. 

How can you explain the above results in terms of this principle? (Circle one): 

a.	 E.aurelia and P caudatum are seeking to occupy different niches; but are competing for limited  
food in a homogeneous environment.  

b. p aurelia andp caudatum are competing for a limited food supply in a homogeneous  
environment; the competitive exclusion principle predicts that one population will not succeed.  

c.	 One population reaches a stable equilibrium and the other dies out, because they are competing 
for different niches. 

E. Competition between two populations does not always lead to the exclusion of one species. In  
another experiment, Gause showed that it is possible to change the environmental conditions to provide  
different niches, so that these two species of Paramecium can grow in the same dish and both survive.  

To simulate Gause's second series of experiments, click on the "Non-homogeneous" button in the left  
window. Open the Density Map button on the top of the right model window. You will see the medium  
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divided into two regions. One region represents the nutrient solution, in which bacteria are suspended; 
the other represents the bottom of the dish, where there is a layer of bacteria whichhave settled out. The 
Paramecium feed on the bacteria; these two bacteria placements provide two different feeding areas. 

You will now repeat the experiments you performed above, but this time in the new environment. 
alone:. Selectp_ caudatum, RUN to equilibrium, and STOP. Record the growth curve of P. caudatum 

p caudatum Non-Homogeneous Medium 

. SelectP irelia, RUN to equilibrium, and STOP. Record the growth curve of P. aurelia alone: 
p. aurelia Non-Homogeneous Medium 

Select BOTH, RUN to equilibrium, and STOP. Record the growth curves of P. caudatum and 
p. AtIrPilA together.	 (Be careful in identifying each curve with the correct name.)  

p caudatum and P. aurelia. Non-Homogeneous Medium  

What are the equilibrium populations of both species? P. caudatum: P. aurelia: 

F.	 Summarize your results below for the experiments in which you grew the two populations together: 

Population Homogeneous Non-Homogeneous 

p. caudatum 

p. aurelia 

How would you explain the difference between results in the two media, in terms of the concept of 
niche? (Circle one) 
a. In a non-homogenous environment, one species is forced to extinction. 

b. The two Paramecium occupy two different niches: one feeds on the bacteria at the bottom of the 
dish, and the second feeds on bacteria suspended in the nutrient solution. 

c. Two or more species can co-exist only when occupying the same niches. 
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If two related species co-exist, this still can be consistent with Gause's competitive exclusion principle. In 
the homogeneous medium, the Paramecium niches were very simple, causing a high degree of "niche 
overlap." Two related species may in fact occupy Lliffprem, niches, if the niches are more complex; the two 
species may divide the resources between them, so that they only partially compete with each other. 
Gause's principle served as the impetus for other ecologists, such as G.E. Hutchinson and D. Lack, to 
further define the concept of niche in terms of multiple dimensions. Competition can be seen as an 
evolutionary mechanism whose outcome is to limit the degree of "niche overlap" between related 
species. Closely-related species tend to evolve over many generations so as to limittheir competition; 
they do so by evolving adaptations which allow them to modify or enlarge their niches, so that there is a 
minimum of "niche overlap? A classic example involves the finches of the Galapagos Islands. 

2. Predation 
In this activity, you will play the role of park ranger in a game reserve containing deer and wolves. By doing 
so you will investigate another type of population interaction, the relationship between predator and prey 
species. In the lower right Choose a Relationship window click on "Predation." 

A. When you arrive at the nature reserve, you find a population of deer along with a populationof wolves. 
To see the growth curves of these two populations, run the simulation. Stop it just before it reaches 200 
time units. 

Record the resulting population growth curves. (Do this carefully and accurately please). 
Jnitial Condition. Wolves and Deer. 

200 

150 

100 
Population 

Size 

50 

0 
I I I I 

o 200 
Time 

Use the data from the graph or run the simulation again to record the two highest population numbers 
and the two lowest poppulation numbers for the wolves and the deer. 

Wolves Deer 

Highs 

Lows 
What trend is occurring here as time progresses? 



8. The graph represents an oscillating relationship betweenthe wolf and the deer populations. To help 138 
analyze this relationship more closely, find sAgiiRntial parts of the graph above showing the following 

conditions, and label them with the numbers indicated: 

1 The deer population is increasing and the wolf populationis at a relatively low level. 

2 The wolf population is increasing while the deer population is decreasing. 

3 The wolf and deer populations are both decreasing.  

4 The wolf population is decreasing while the deer population is increasing.  

C. Offer an explanation for your findings. 
Why is the rise of the wolf population associated with the fall of the deer population? 

Why does the rise of the deer population follow the fall of the wolf population? 

Why is the wolf population lower in numbers than the numbers in the deer population? 

D. As the park ranger, you decide to increase the deer population in order to allow higher hunting limits. 

One possibility would be to bring in additional deer from another region.  
If this course is followed, what impact do you predict for thedeer population?  

Click on the "Predation" button (lower right window) to reset values. In the Population Interactions  
model window use the population size black triangle to increase the deer population to about 100. RUN  
the simulation. STOP when the graph reaches 200 time units.  

Watch the numbers and record the two highs and lows of the deelsacillations, 

LowsHighs  

What long-term effect does this condition have on the deer population? (Circle one)  
a. Significant long-term increase 
b. No significant long-term effect on population 



139 E. Hunters, concerned about the effect of predation, suggest that all of the wolves be eliminated to keep 
the deer numbers higher. 

If this course is followed, what impact do you predict for the deer population? 

To test your prediction, eliminate the wolves by setting their number to zero in the Model window. 
Run the simulation until the numbers stop fluctuating and graph the results. 

neer Pnpiilatinn Nn Wolves 

What happens? 

Suggest an explanation for this result: 

F. Your next challenge as park ranger is to find away to maintain a maximum deer population without the 
wide oscillations, which have a negative impact on reforestation efforts (during "peak" population periods, 
the deer wipe out newly planted saplings). 

Click on the "Predation" button to reset the values. Experiment with different initial numbers of 
wolves, to see if you can find a condition which gives the most stable equilibrium level of deer. (Your 
goal is to keep the oscillation range below 50). 

Record deer equilibrium range nn the third oscillation: read from the numbers, noting lowest and 
bighest Click on "Predation" each time to reset numbers, and graph, and then set wolf numbers to 
desired number. 



140 DPPr Oscillations 
low highDATA: 

# Wolves Range: to 

Reset 
# Wolves Range: to 

Reset 
#Wolves Range: to 

Reset 
#Wolves Range: to 

What initial number of wolves gives the best result? 

Did this number (Reduce) or (Eliminate) the oscillations in the deer population? (circle one) 

Another way to keep the deer population at a high stable level is to keep the wolf population at a low, 
stable level. Now simulate a long-term population management program for =hem by Jowerino. the 
carrying capacity of the forest for wolves. Try various numbers (using the red triangle on the sideof the 
wolf model window) and try to find the level that will maintain a high, stable deer population after afew 
moderate oscillations. Your goal is to keep the deer oscillation range below 50. Reset model by clicking 
on "Predation" button between each trial to reset deer numbers and graph. 

Record deer equilibrium range on the third oscillation: read th . n umbers_ noting lowest and hig .st 

Kwolves Deer Oscillation Range Deer Equilib. Average 

Range. to 

Reset 
Range: _to 

Reset 
Range: to 

What value of Kwolves did you find that provided the highest stable deer population? 

What positive role does a predator play in the predator-prey relationship? 

To Quit the program, go up to File. Click, hold, then pull mouse down to Quit and let go. 
To turn off computer, go to Special. Click, hold, pull mouse down to Shut Down and release. 
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Exploring Genetics 

Introduction 
In this activity you will run simulations in which organisms pass on heritable traits from one generation to the next.  
You will be able to change variables and use special tools to perform simulation experiments. In doing so, you will  
explore the basic principles of genetics, the science of inheritance.  
This lab contains several "investigations" to introduce you to genetics.  

To begin:	 If the hard drive menu isn't open, quickly click rwice on the Mac Lab icon. 
If the triangle next to "Classes" points to the right (il" ), click it ) to view the options. 
If the triangle next to "Biology" points to the right (21' ), click it (If ) to view the options. 
If the triangle next to "Genetics" points to the right ), click it V ) to view the options. 
To start the program click Twice on the symbol next to Exploring Genetics. 

Notation 
You will need to be familiar with the common symbols used by geneticists. For example, each new generation is 
labeled by using the letter F (from the Latin word filial). Thus: 

- P refers to the parents of the 1st generation (also called the P generation). 
- Fl refers to the offspring of the 1st generation (i.e., offspring of parents from the P generation). 
- F2 refers to the offspring of the 2nd generation (i.e., offspring of parents from the Fl generation). 

Also, the standard symbols for male and female are used: male ci female  
Other symbols and terminology will be presented and explained during the course of the activities.  

A. Experiment #1-- Pure Beginnings 
Since the dawn of history, people have been curious about how organisms pass on certain traits from generation 
to generation. In this activity, you will begin to investigate the inheritance of a specific trait and its variations. First 
you will look at physical traits that can be seen, called phenotypes, and then you will go back and look at alleles, or 
genetic instructions called genotypes. 

1 . Phenotypes Click on "Add Couple #1" in the left window (1-3 Data). A male and female rabbit will appear in 
the "Bank" at the top of the right Model window (Exploring Genetics). 

Now click on "Add Couple #2." A different pair of rabbits will now appear in the "Bank." As you can see, these two 
pairs of rabbits differ in terms of one specific trait (characteristic). 

What is that trait ? 

What are its variations? Couple #1: Couple #2:  
Click on "Clear Screen."  

2 . Establishing purebred lines: You will now simulate the mating of these two "lines" of generations. 
Each "line" will start with a different couple. This is called the "parental" or PxP cross. 

a. Couple #1 You will simulate the mating of Couple #1 and the reproduction of their offspring to establish that 
this is a purebred line. "Add Couple #1" and set the maximum offspring number to 20 (highlight the existing 
number with the mouse and then type in the number 20). In the Model window, click on the ARROW tool, and 
use it to place each parent (a male and a female) in the mating box as follows: 
Click and hold the arrow on one rabbit. A box will appear around it. While holding the mouse button down, move 
the arrow to the small blue outlined box in the right top corner of the model window. When the point of the arrow is 
inside the box, release the mouse button. The sex of the rabbit that you have put in the box will appear in the box. 
Now repeat with the other rabbit. NOTE: If you try to put 2 males or 2 females in the mating box, it won't take 
them! 

2 
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Start the simulation by clicking on the RUN tool. A box will appear on the screen. The top row will show the two 
parents, and the rest of the box will show the 20 offspring. This is the first F1 generation (noted as F1.1). 

What do the ears look like in the F1 offspring? straight floppy. 

How does this compare with the ears of the parents (Couple #1)? same different 

Choose a male and a female offspring from the F1 generation, and place them in the mating box. Press RUN to 
simulate their mating, generating 20 F2 offspring. 

To be able to see all the offspring on the screen, click on the F1.1 rectangle (diagonal lines show that this window 
is active), and a little box will appear in the upper left hand corner. Click in this box, and the Fl generation box will 
be reduced. If you want to see it again, just click on the triangle in the corner. Another way to see all the F2 
generation without reducing the Fl box is to use the 'Scroll" tool (the "hand") which can be moved up and down 
the active screen, dragging the rabbits with it. Try both of these tools now, to familiarize yourself with them. To 
continue the exercise, click on the arrow tool. 

What do the ears look like in the F2 offspring? straight floppy 

How does this compare with the ears of their parents (the Fl offspring)? same different 

by 
clicking on "Clear Screen" and then "Add Couple 2." Use the ARROW tool to place these individuals in the mating 
box. Click on the RUN tool to start the simulation. 

What do the ears look like in the Fl offspring? straight floppy 

How does this compare with the ears of their parents (Couple #2)? same different 

Choose a male and a female offspring from the Fl generation, and place them in the mating box. Press RUN to 
simulate their mating, generating 20 F2 offspring. Reduce the Fl window so you can see all of the F2 offspring. 

What do the ears look like in the F2 offspring? straight floppy 

How does this compare with the ears of their parents (the Fl offspring)? same different 

b. Couple #2 Now you will go through the same process for Couple #2. Simulate the mating of Couple #2 

To summarize, fill in the type of ears for each generation in the following table for each line of matings: 

EXPERIMENT #1 Establishing Purebred Lines 
Couple #1 

Mated P generation 
Straight ears x Straight ears 

Cnuple #2 
Mated P generation 

Floppy ears x Floppy Ears 

F1 generation (Circle) ) Ears are: Straight 
(Fill in:) 
Mated: F1 x Fl: ears x_ 

Floppy 

__ears 

F1 generation (Circle) ) Ears are: Straight Floppy 
(Fill in:) 
Mated: F1 x F1: ears x___ __ears 

F2 generation ears: F2 generation ears: 

c. Alleles Now you will go back and look at alleles to verify what you have just established in the crosses. Clear 
your screen. Add Couple 1 and Couple 2. 

Click on the genotype tool. This is the "microscope" tool, third from the bottom. Move the microscope tool over 
each rabbit and click. This will show you the alleles for ear position. (To get rid of the window so that you can check 
the other rabbits, move the microscope icon with the mouse back over on top of the toolbar section of the screen. 
Then you will be able to move to back to another rabbit). 

3 
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Couple #1 alleles Male Female Couple #2 alleles Male Female 

To determine the possible offspring from the Parental crosses draw two simple Punnet squares for the following 
matings: 

Couple #1 male x Couple #1 female Couple #2 male x Couple #2 female 

Do these punnet results fit the observed Fl results from parental crosses in Experiment 1? 

Yes No (They should; if they don't, backtrack and see what happened) 

Now do Punnet Squares for the Fl crosses that you performed. 
niiple 1: Fl male x F1 female Couple 2 Fl male x Fl female 

Do these offspring fit the observed F2 results from Fl crosses in Experiment 1? 

Yes No (They should; if they don't, backtrack and see what happened) 

B. Experiment 2: The Parental Cross and the Fl Cross 
Once the lines have been established as "pure" (or homozygous), you can do a Parental cross, which is the 
crossing of two homozygous lines. Offspring from this cross, called the Fl generation, are then crossed to 
produce an F2 generation. 

1 . Parental Cross: Both sets of parents should be present in the "Bank." (If not, add them.) You will now 
simulate the mating of the male from Couple #1 with the female from Couple #2. Place these individuals in the 
mating box. 

Experiment #2: Parental Cross 

Ear types P cross: ears x ears 
male #1 female #2 

Before running the simulation, make a prediction about ear types you would expect in the Fl offspring: 

PREDICTION: ____floppy straight intermediate type 

Now run the P x P cross, and check below all the ear types seen in the offspring. 

RESULTS: floppy straight intermediate type 

4 
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Do a Punnet Square for the Parental cross between the male of Couple #1 and the female of Couple #2 to get the 
possible offspring for the F1 generation: 

Do these punnet results fit observed Fl results from parental crosses in the experiment above? Yes No 

Based on this information: 
Which trait is dominant? straight ears floppy ears 

Which trait is recessive? straight ears floppy ears 

2 . F 1 Cross: Next, you will simulate the Fl x Fl cross; crossing two individuals from this generation. To do this, 
use the ARROW tool to choose one male and one female from the Fl offspring. Record the Fl identification (ID) 
number of each individual by clicking with the ARROW tool on the chosen individual. The individual's ID number 
will appear. Place these parents in the mating box. 

Experiment #2: F1 x F1 Cross: 

ID # of Fl male: Ear type: ID# of Fl female: Ear type: 

a. Simulate the Fl x Fl cross by clicking on the RUN tool. Reduce the size of the Fl window to show all the F2 
offspring. Check below the ear types seen in the offspring F2 offspring: 

_floppy straight intermediate type 
You should see both types of ears in the F2 offspring. (If you don't, go back and repeat matings starting with 
the Parental Cross) 

b. Record the numbers below, using the count tool, as follows: 

First, make sure that the mouse is clicked on one of the rabbits in the F2 generation. This will ensure that this is 
the generation that is being counted. Now, look for the count tool, which looks like a cash register. Click on it and 
move the hand into the model window. When a box appears, click on straight, and then Count with the hand, and 
read the numbers. Do the same with flonny and .o ant To remove the box from the screen when you are 
finished, click back on the arrow tool. 

F2 generation from first Fl cross: F2.1 straight floppy 

Could it be that seeing both types of ears in the F2 generation is a result of the specific Fl parents you chose? 
To test this hypothesis, go back and reopen the F1.1 window by clicking on the triangle and then reduce the F2.1 
window. Choose another male and female from the F1.1 offspring, list their ID numbers and run the mating again. 
The box that will appear will be called F2.2, for the second F2 generation run. Reduce the F1.1 box so that you 
can see the new F2.2 offspring. Use the count tool (make sure you are clicked on the F2.2 rabbits) and record 
your results below: 

c. 

Experiment #2: Second Fl x F1 Cross: 

ID number of Fl male: Ear type: 

ID number of Fl female: Ear type: 

F2 generation from second Fl cross: F2.2: straight floppy 
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Based on these results, is seeing both types of ears in the F2 gerieration an isolated event or does it apply 
generally (usually occurs)? 

Isolated event Applies generally 

Now do a Punnet Square for the Fl generation cross from Experiment #2 to see if the predicted F2 offspring 
match the simulation. 

What phenotypes does the Punnet Square predict? 

Do they match the phenotypes observed in the F2 offspring from Experiment #2? _Yes No 

What ratio does the Punnet Square predict? straight : floppy 

In the observed two Fl crosses, what were the actual ratios seen in the F2 offspring? 
(To get ratios, divide the smallest number into the larger number. The smaller number becomes 1 in the ratio. For 
example, 25 straight ears and 75 floppy ears would give a ratio of 1 straight : 3 floppy.) 

Actual Numbers Baas. 

1st Ft cross: straight : floppy straight : floppy 

2nd Fl cross: straight : floppy straight : __floppy 

To summarize, fill in the type of ears and genotypes for each generation in the following table for each mating: 
Experiment #2: Parental and Fl Crosses 

Mated P generation ,Straight Pars x Floppy ears 

Genotypes: x 

Fl generation: Genotype: 

Mated: Fl x F1: Genotypes: x 

F2 generation: Genotypes: 

The patterns of inheritance which you have just observed captured the curiosity of an Austrian monk, Gregor 
Mendel (1822-1884), who studied a similar phenomenon in pea plants. Mendel's experiments included the 
following steps: 

--Use purebred individuals as parents. (These individuals always produce offspring with the same trait variation.) 
--Cross purebred parents, each with a different trait variation, to generate the F1 offspring. 
--Cross individuals from the Fl generation to produce the F2 offspring. 

Do your above simulations repeat Mendel's experimental strategy? Yes No 

C. Biological Coin Tosses and Ratios 
Others before Mendel tried and failed to understand the laws of heredity. Why was Mendel so successful? One 
important reason was that he understood and used concepts relating to probability and sample size. These 
concepts explain why your predicted ratios from your Punnet Squares and your observed ratios from the 
simulations may not have been exactly the same. Below you will take a brief "time out" to explore these concepts. 
Click on the "Coin Tosses" button, found in the bottom window of your screen. 
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. Probability. The term prohahility refers to the likelihood that a particular event will occur. For example, 

consider a coin toss. Write your answers in percentages or fractions. 

What is the probability of getting a "heads?" A "tails?"  
Now toss a coin 20 times and record your answers (in fractions or percentages) below.  

Heads /20 or_ % Tails /20 or % 
You have probably noticed a difference between your expected results and your observed results. 

How might you explain this difference? 

2 . Sample Size. One explanation for this difference might relate to the small size of your experimental sample 
of only 20 coin tosses (called sample size). Could it be that the observed probability would have been closer to 
the predicted probability if the sample size had been larger? 

To find out, you will run a simple genetics simulation with different sample sizes. Click on the "Effect of Sample 
Size" button in the "Coin Tosses" left work window. 

In plant and animal populations where sexual reproduction occurs, an individual has a 50% chance of being male 
or female. In this example, you will observe the proportion of female offspring in three different sample sizes (6, 
60, and 600 offspring). Ear traits are not important in this experiment - please disregard ears, and 
look only at the sex of the Individuals. 

Use the slider in the sample size button to change the number of offspring as indicated below (or delete the 
numbers and type in the new ones). Click on "Add Couple 1," place individuals in mating box, and run. The 
dynamic pie chart displays the sex distribution while the simulation is running. 
After each simulation, use the COUNT tool to obtain exact numbers of males and females. Run the simulation 
three times for each sample size and record your results below. 

USE A CALCULATOR FOR THE RATIOS, AND ROUND YOUR ANSWER TO THE NEAREST SECOND POINT  
DECIMAL (HUNDREDTHS). If you are confused about calculating ratios, follow the instructions below. If not, start  
tossing!  

To calculate ratios, simply divide the lowest number into the highest number to get a quotient. Assign the lowest  
number the value of one, and the quotient becomes the other ratio.  
Sample 1: In a coin toss, you get 30 heads and 20 tails. Tails is the lowest number, so its ratio number becomes 1.  
30 divided by 20 equals 1.5. Thus the ratio of heads to tails in this toss is 1.5 : 1.  

Sample 2; Heads = 89, Tails = 111 
Heads is the lowest number, its ratio number becomes 1. 
Tails is divided by heads: 111/89= 1.25 (rounded to nearest hundredth). 
Therefore, ratio of heads to tails is 1 : 1.25 

pFemales #Males Approx ratio Females to Males 
For Sample Size (Divide lowest# into highest# ) 
of 6 Offspring 

Trial #1 

Trial #2  

Trial #3  

AVERAGE FOR 6 
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#Femalas #Malas Approx, ratio Females to Males 

For Sample Size (Divide lowest# into highest #) 
of 6 0 Offspring 

Trial #1 

Trial #2 

Trial #3 

AVERAGE FOR 6 0 

(To speed up this simulation, close the Fl subwindow while the simulation is running by clicking on the small close 
box on its upper left-hand corner. You can follow the progress of the run by watching the "Current Offspring" 
counter in the Work window.) 

Females #Males Approx ratio of Females to Males 
For Sample Size (Divide lowest# into highest# ) 
of 6 0 0 Offspring 

Trial #1 

Trial #2 

Trial #3 

AVERAGE FOR 6 0 0 : 

In which sample size was there the greatest variation from the expected 1:1 sample size? 

Circle one: 6 60 600 

Which of the three different sample sizes came the closest to a 1:1 ratio? 

Circle one: 6 60 600 

In conducting experiments which involve probabilities, what can you conclude about the importance of sample 
size? Circle best answer: 

a. The smaller the sample size, the closer observed ratios come to expected ratios. 

b. The larger the sample size, the closer observed ratios come to expected ratios. 

c. Smaller sample sizes are the most reliable data. 

It is important to keep this in mind while doing simulations, or experiments. The observed ratios may not always 
match the expected ratios, especially if sample size is small. 

D. Testing the Mendelian Hypothesis 
Now that you have explored basic concepts relating to probability and sample size, you should be prepared to 
understand and test Mendel's reasoning. Click on the "Testing Mendel" button. 

1. In this simulation, you will take a closer look at the ratio of the phenotypes in the F2 offspring, beginning (as in 
"A Living Puzzle") with purebred individuals. The trait to be studied is ear position. 

Click "Clear Screen," "Add Couple #1," and "Add Couple #2." Place one individual from each couple in the mating 
box and set the sample size to 10. Run this P x P cross to produce the Fl offspring. 

Now choose two individuals from the Fl offspring. Place them in the mating box, and set the sample size to 100. 
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What do you think will be the ratio of straight-eared to floppy-eared offspring in the F2 generation? Use the 

Make a prediction, using aGENOTYPE (Microscope) tool to remember the genotypes of the F1.1 parents. 
Punnet Square. 

Ratio: ___ Straight to__ Floppy 

2. Now run the Fl x Fl cross. Use the COUNT tool to obtain data on the F2.1 generation, and record below: 

Straight Floppy Ratio: Straight to Floppy#1 Numbers: 

Repeat the Fl x Fl cross twice more and calculate a ratio for each. (You don't need to start with P x P crosses; just 

do new F1.1 x F1.1 crosses.) 

Straight to Floppy#2 Numbers: Straight	 Floppy Ratio: 

Floppy Ratio: Straight to Floppy#3 Numbers: Straight  

To summarize your results, what is the average observed phenotypic ratio in the F2 generation?  

Ratio straight to floppy =  

What can you conclude? Circle one  

Two purebred lines produce heterozygous offspring; F2 are in a 3:1 ratio.a. 

b. Two purebred lines produce homozygous offspring; F2 are in a 3:1 ratio. 

c. Two purebred lines produce homozygous offspring; F2 are in a 1:1 ratio. 

E. The Test Cross 
There are two genetic types for straight-eared individuals (dominant trait) in the F2 generation, but they look the  
same in terms of ear position. If you wanted to distinguish between Aa and AA individuals, could you do this by  
looking only at their phenotypes (ears)? Yes No  

Since there is no GENOTYPE DISPLAY tool in real life, the method used by Mendel to determine genotypes is still 
useful. Cross the individual with the dominant trait in question with an individual that is homozygous recessive for 
that trait, and examine the offspring for traits which might reveal information about the parent in question. 

First make predictions. Draw two Punnet Squares below to predict the offspring from a cross between individuals 
who are: 

,Straight x Floppy Fars 
Aa x aa A A x aa 
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Ratio of Phenotypic 
Traits predicted: 

Straight Floppy F lopp7F.lopp7 Straight 
Make sure you have the F2 generation on your screen (shut down the Fl box if you wish). Your F2 generation 
should be labeled F2.1. Choose a straight eared individual, and cross it with an individual showing the recessive 
trait (floppy ears). You may have to use the SCROLL (hand) tool here to find the appropriate rabbits. Mark down 
the ID numbers of the straight eared individuals so you don't repeat the cross. 
(you can use the same floppy-eared parent...why? 

By looking at the phenotypes of the offspring (F3.1) and by using the information in the Punnet Squares above, 
you can determine what genotype the straight eared parent had. If you wish, check your answer with the 
genotype tool (looks like a microscope). Do this cross (straight x floppy) with three different pairs from the F2 
generation keep going back to the F2.1 box. 

Test Crosses: 

#1	 Male # Ears: x Female # _; Ears: 

Phenotypes of offspring: floppy straight 

Therefore, the genotype of the straight-eared parent must be: 

#2	 Male # Ears: x Female # ; Ears: 

Phenotypes of offspring: floppy straight 

Therefore, the genotype of the straight-eared parent must be: 

#3	 Male # Ears: x Female # ; Ears: 

Phenotypes of offspring: floppy straight 

Therefore, the genotype of the straight-eared parent must be: 

Do you see how a test cross can determine the genotype of individuals showing the phenotype of the  
dominant trait?  

Yes No (If you don't, talk to your lab partner or instructor to learn this concept.)  

F2 Genotypes 

Three genotypes are represented in the F2 generation. Therefore, there are six possible combinations of 
crosses that can be made from this generation. One has been done for you; list the rest below: 

1. AA x AA 

2. 

3. 

4. 

5. 

6. 
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Appendix D 

Genetics Sex Linkage 

Name:  

Points Earned:  



132 Sex Linkage 

In the early 1900's, the American biologist Nettie Stevens discovered the existence of sex chromosomes in the 
mealworm and fruit fly. She noticed that males and females carry a unique pair of chromosomes that determine 
their sex. You will now explore the inheritance of traits whose genes are located on these sex chromosomes. 

If you just finished Dihybrid Cross, quit program and proceed as follows: 
- Click on triangle next to Classes 
- Click on triangle next to Biology 
- Click on triangle next to Genetics 
- Click on triangle next to Genetics Activities 
- Double click on the icon next to Sex Linkage 

1. A Clue to Something New 
Two flies appear on your screen. In this exercise, you will be looking only at the trait of eye color. In this fly, the 
allele for red eyes, A, is dominant to the allele for white eyes, a. You will use purebred (homozygous) 
individuals for these trait variations to run two "reciprocal crosses." Using these genotype letters (A and a), assign 
genotypes to the purebred couples below. 

Maleexperadjgnolyge EamalsexABLIatizennlypa 

Click on "Add Couple #1 White eyes	 Red eyes 

Click on "Add Couple #2 Red eyes	 White eyes 

a.	 Click on "Add Couple #1." 
Do a Punnet Square to predict the genotypes and phenotypes of the offspring: 
Couple #1 P x P Cross: AA x aa 

Couple # 1 13 x P Cross Predictions 
Predicted % of AA offspring: /4 or 

Predicted % of A a offspring: /4 or 

Predicted % of aa offspring: /4 or 

Predicted ratio of red-eyed to white-eyed offspring: 

Now add the parents (Couple #1) to the bank and run the P x P cross. Record the observed phenotypes and 
phenotypic ratio. Click on the "Show Pie Chart" button for eyes only to see graphic representations of the data. 
j tsp. the COUNT tool to record the exact numerical results for each SPX; 

Couple #1 P x P Cross Results (Use COUNT tool) 
Sample Size Phenotypes Ratio of red eyes to white eyes 

#Ped Eyes #White Eyes 

Males 

Females 

Total 
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Does the observed ratio match your predicted ratio? Yes ' No (It should have!) 

Click on the arrow tool. 
Before you run an Fl x Fl cross on Couple One, complete a Punnet Square to predict what the F2 genotypes 
and phenotypic ratio would be: 

Fl x Fl Cross (Genotype x 

Couple 11 F1 x Fl Cross Predictions 

Predicted % of AA offspring: /4 

Predicted % of Aa offspring: /4 

Predicted % of as offspring: /4 

Predicted ratio of red-eyed to white-eyed offspring: 

Now place a Fl male and a F1 female in the mating box run the Fl x Fl cross. Record the phserverf phenotypes 
and the phenotypic ratios. 

Couple #1 Fl x Fl Cross Results 
,Sample Size Phenotypes Ratio of red eyes to white eyes 

#Red Eyes #White Eyes 

Males 

Females 

Total 

Does the observed ratio match your predicted ratio? Yes No 

Is there anything unusual about the results? 

b. Now clear the screen and click on "Add Couple #2." 
Do a Punnet Square to predict expected offspring phenotypes and ratios: 

P x P (Genotypes 
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Couple #2 P x P Cross Predictions: 

Predicted % of AA offspring: /4 or % 

Predicted % of Aa offspring: /4 or % 

Predicted % of as offspring: /4 or (ye 

Predicted ratio of red-eyed to white-eyed offspring: 

Now run the P x P cross and record the observed results below. 

Couple #2 P x P Cross Observed Results- (Use COUNT tool) 
Sample Size Phenotypes Patio of red eyes to white eyes 

# Red Eyes #White Eyes 

Males 

Females 

Total 

Does the observed ratio match your predinted ratio? Yes No It should NOT have! 

If you were to do an Fl x Fl cross for Couple 2, would there be more than 
one option to choose from in terms of phenotypes for males and females? Yes No 

What interesting fact do you notice when you look at the F1.1 generation in terms of males and females? 

To summarize: 
Couple One had (circle one): expected unexpected results for a P xP cross 

and expected unexpected results for an Fl x Fl cross. 

Couple Two had (circle one): expected unexpected results for a P xP cross. 

2.. Sex Chromosomes 
In the early 1900's, T.H. Morgan performed similar crosses. He was puzzled with the differences in phenotypic 
ratios between the sexes in the Fl and F2 generations. But he recalled the work of Stevens and others on the 
sex chromosomes. In addition to the °regular (so-called "autosomal") chromosomes, there is a special pair of 
chromosomes in fruit flies (as in all organisms) which determine sex. These chromosomes are known as X and Y. 
The Y chromosome is structurally different and carries very few genes. Males are XY and females are XX. 
(Humans also have this system). 

a. Assuming that these sex chromosomes segregate from each other during meiosis, one can calculate the 
expected sex chromosome composition of the offspring, using a Punnet square. Complete a Punnet Square 
below, representing a cross between a male (XY) and a female (XX): 

X Y 

X 

X 
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. What is the ratio of male (XY) to female (XX) offspring? male : female 

. Which parent(s) give the X chromosomes to female offspring? 

. Which parent(s) give the X chromosome to male offspring? 

b. Morgan thought he might be able to explain the unusual results of eye color in the F2 generation in terms of 
the sex chromosomes. Could the gene for eye color be located on the X chromosome? In other words, could it 
be linked to the X chromosome? 

Explore this hypothesis by creating two Punnett squares for your P x P and Fl x Fl crosses of Couple #1, 
using the following symbols: 
XA = the A allele (for red eyes) on the X chromosome  
Xa = the a allele (for white eyes) on the X chromosome 
Y = the Y chromosome which carries neither the A nor the a allele  

The P x P cross (Couple #1):  
Red-eyed female (XA XA) x White-eyed male ( Xa Y )  

Punnet 
Square: 

. What is the expented ratio of red-eyed to white-eyed Male: /4 red /4 white 
offspring in the Fl generation, in the different sexes? 

Female: /4 red : /4 white 

Added together they would be: _/4 red : /4 white 
Look at your data on page 3. 
. Does this approximate the observed ratios for this cross ? Yes No (It should.) 

c. Now do a Punnet Square For: 
The Fl x Fl cross (Offspring of Couple #1):  

Red-eyed female (XAXa) x Red-eyed male (XAY)  

. What is the Exiarad ratio of red-eyed to white-eyed offspring in the F2 generation, in the different sexes? 

Male: /4 red : /4 white 

Female: J4 red : /4 white 

Added together they would be: _____/4 red : /4 white 
Look at your data on page 3. 
. Does this approximate the observed ratios for this cross ? Yes No (It should.) 
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d. Now you will check Couple # 2 to confirm that your dataon page 4 supports a sex-linked trait. 

Do a Punnet Square for the P x P cross of Couple #2:  
Red-eyed male (XA Y) x White-eyed female (Xa Xa)  

All Fl males have eyes. All Fl females have eyes. 

Do your Punnet results match with your data (pg. 4)? Yes No 

3. Applying Sex-Linkage 
Now you will use the simulation tools to investigate further the relationship between an individual's genotype, 
phenotype, and sex chromosomes. 

a. I. 1110 81. H 01.1-'8'1" ."1 1.'1 
Click on "Clear Screen" and "Add Couple 3." Observe in the Bank a female with clear wings and a male with 

spotted wings. Click on the bottom GENOTYPE DISPLAY tool (Microscope icon), and note that the gene for 
wing color (labelled B or b) is located on a non-sex, or autosomal, chromosome. Record the genotypes of each 
fly. (Note: they should be different. If you got the same genotype, you may have used the tool wrong. Check 
again). 

Female (clear wing): Male (spotted wing): 
Predict the phenotypes and phenotypic ratio of males and females in the Fl offspring and in F2 (resulting from an 
Fl x Fl cross) of Couple #3. Use Punnet Squares if you need to. Remember, the genes are no longer 
sex-linked, so normal sex ratios should apply. 

Punnet 
Squares: 

predictions (not sex-linked) 
P x P Cross 

Fl: clear wings /4 spotted wings /4 

Ratio: clear wings : spotted wings 

Fl x Fl Cross 
F2: clear wings ___14 spotted wings /4 

Ratio: clear wings : spotted wings 

Click on the arrow tool and then perform the P x P and Fl x Fl crosses for Couple #3. 
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P x P Cross (Couple #3)  

F1.1: Males: clear wings spotted wings  

Females: clear wings spotted wings  

Total #s: clear wings spotted wings  

Ratio: clear wings spotted wings  

(Click on arrow tool)  
F1 x F1 Cross  

F2.1: Males: clear wings spotted wings  

Females: clear wings spotted wings  

Total #s: clear wings spotted wings  

Ratio: clear wings spotted wings  

Are your observed and predicted results similar? Yes No  

b. Now you will move the genes hank to the sex chromosomes to run sex-linked simulations. 
Clear the screen and add Couple #3 again. Activate the CHROMOSOME tool (bottom tool). Movethe gene 

for wing pattern to the sex chromosomes, and click on the yellow OK button (top right of screen). 

Then, click on the GENOTYPE DESIGN tool (second from bottom) and use it to create a homozygous dominant 
female parent (clear wings) in the following manner: Click on "female," and then click on the alleles in thecircles, 
until they each are a large B. Click and hold onto her with the hand, and move her from the model window into the 

mating box. 

Now create a recessive male parent (spotted wings) by clicking on "male" and then clicking on the allele to make it a 
small b. Move him into the mating box. 

Note the genotypes below, and then predict the phenotypes and phenotypic ratio of males and females inthe Fl 
and F2 generations. 

Cross: P male x P female (Sex-Linked genes) 
list genotype list genotype 

Punnet 
Squares: 
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predictions (Sex - linked) 

P x P Cross 
clear wings spotted wings clear wings spotted wings 

Fl: Males: /4 /4 Females: /4 /4 

Fl x Fl Cross 

F2: Males: /4 /4 Females: /4 /4 

Click on the arrow tool and perform the P x P and Fl x Fl crosses. Compare your predictions with your observed 
results. 

Observed Results (Sex-linked) 
P x P Cross 

clear wings spotted wings clear wings : spotted wings 

Fl : # Males: Ratios of males: 

# Females: Ratios /females: 

Fl x Fl Cross 

F2: # Males: Ratio of males: 

# Females: Ratios/ females 

Are your rthsnrved and predicted results similar? Yes No 

c. Finally, fill in the pedigree below for the last sex-linked experiment you just performed. Include all the 
possible genotypes the offspring can have. Squares represent males and circles represent females. 
Please use the X and Y notations with alleles as superscripts to identify traits as sex-linked (XB XB and Xb 

P 

Fl 

F2 
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Appendix D 

Dihybrid (Two-Gene Cross) 

Name:  

Points Earned:  



The Dihybrid (Two-Gene) Cross	 T60 

Introduction 
In his monohybrid (one-gene) crosses, Mendel established the principle of segregation: in each parent, the two 
alleles of a given gene randomly separate into different gametes. But what can happen when twa genes, each 
determining a different trait, are involved? In this activity you will find out. 

Turn on Macintosh. (If you are continuing from Exploring, go to quit, then continue as follows). 

To Begin:	 Click on the triangle next to Classes, then Biology, then Genetics, then Genetics Activities. 
Quickly click twice on the symbol next to Dihybrid Cross. 

1. Another Beginning 
a. In this simulation, you will be experimenting with two genes in fruit flies: 

Gene A (for red or white eye color) and Gene B (for clear or spotted wing color). 
You will start with two different purebred couples with the genotypes listed below. Add both couples to the 
screen and fill in the phenotypic information: 

Genotypes 
Male.. Female Phenotype fnr each couple 

Couple #1 AABB AABB eyes wings 

Couple #2 aabb aabb eyes wings 

For the remainder of this lab exercise, the following shorthand will be used to refer to the phenotypic 
characteristics of individuals: 

RC = red eyes, clear wings WC = white eyes, clear wings 
RS = red eyes, spotted wings WS = white eyes, spotted wings 

You will now verify the genotypes of these flies by running the purebred crosses of Couples #1 and #2: 

Place "Couple #1" in the mating box, and run the simulation. Click on the pie chart button (Both) to observe 
results easily, and check off below the phenotypes seen in the Fl offspring: 

AABB x AABB 
F1.1 phenotypes: (Circle) RC RS WC WS Genotype: 

Do the same for Couple #2. Click on the pie chart button to observe results easily, and check off below the 
phenotypes seen in the Fl offspring: 

aabb x aabb 
Fl .2 phenotypes: (Circle) RC RS WC WS Genotype: 

Then cross the male from Couple #1 with the female from Couple #2. Click on the pie chart button to observe 
results. Record the phenotypes of the offspring for eye color and wing color below: 

AABB x aabb 
Fl .3 phenotypes: (Circle) RC RS WC WS Genotype: 

Based on these crosses, write which trait variations are dominant and recessive. 

red eyes	 clear wings 

white eyes	 spotted wings 

Press the "Clear Offspring" button and the "Return to Lab Data" button. 

2 



161 
2. Linked and Non-Linked Genes 
In the following simulations, you will run two separate F1 x F1 crosses: one where the genes are on different 
chromosomes and one where they are on the same chromosome to see how this affects F2 ratios. 

a NON-LINKFLI GFNES 
First you will look at genes on different chromosomes. This is the type of linkage we have been working with in all 
the simulations up to this point. To do this, click on the CHROMOSOME tool (the bottom tool) and move it into the 
Model window. You will see that the two genes, A and B, are on the same chromosome. Click on one of the 
genes and move it to another chromosome, but not the sex chromosome. (You can find out which is the sex 
chromosome by pointing at each chromosome with this tool and observing the readout.) Confirm your decision by 
clicking on the "OK" button. Click back on the arrow tool to close the window. 

Now add the new parents by clicking on the "Couple #1' and "Couple #2. buttons in the Work window. You will be 
running a P x P cross and an Fl x Fl cross. Before you do this, complete the Punnet Squares below. 

Fill in the two Punnet squares for the P x P cross and Fl x Fl cross. Remember, you are using 2 traits: note 
the gametes for each. Each haploid cell can only have ma allele for each trait (one letter)! 

P x P CROSS Fl x F1 CROSS 

ab ab AB Ab aB ab 

AB AB 

AB Ab 

aB  
Fl Generation  

ab  

F2 Generation 

Based on these Punnet Squares, what are the predicted ratios from Punnet for the F2 generation?  
Use factions:  

red eyes, clear wings /16 white eyes, clear wings /16 

red eyes, spotted wings /16 white eyes, spotted wings /16 

Place the male from couple #1 and the female from couple #2 in the mating box. Run this P xP cross, and then set 
the offspring number to 100. Choose two flies from the F1 generation and run an Fl x Fl cross. As you run the 
cross, you can see graphic representations of your results, by clicking on the "Show Pie Chart" buttons for BOTH 
eyes and wings. Ignore the numbers in the pie chart window. Instead, look at the words below: the 
colors in the chart correspond to the combinations described in that same color below. For example, dark blue is 
red eyes and clear wings. Then use the count tool to get the actual numbers. Calculate the phenotypic ratio 
(Make the smallest number equal to one; divide it into the others): 

Sample: B 
RC 53 6 
WC 21 2 
RS 17 2 
WS 9 1 

This ratio APPROXIMATES a 9:3:3:1 ratio in that at 4 categories are represented, and the two phenotypes that 
show one dominant and one recessive trait (WC and RS) are similar and intermediate between the two that show 
either both dominant (RC) or both recessive (WS). 
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2. Linked and Non - Linked Genes 
In the following simulations, you will run two separate F1 x F1 crosses: one where the genes are on different 
chromosomes and one where they are on the same chromosome to see how this affects F2 ratios. 

a VON-LINKFD GENFS 
First you will look at genes on different chromosomes. This is the type of linkage we have been working with in all 
the simulations up to this point. To do this, click on the CHROMOSOME tool (the bottom tool) and move it into the 
Model window. You will see that the two genes, A and B, are on the same chromosome. Click on one of the 
genes and move it to another chromosome, but not the sex chromosome. (You can find out which is the sex 
chromosome by pointing at each chromosome with this tool and observing the readout.) Confirm your decision by 
clicking on the "OK" button. Click back on the arrow tool to close the window. 

Now add the new parents by clicking on the "Couple #1" and ''Couple #2" buttons in the Work window. You will be 
running a P x P cross and an Fl x Fl cross. Before you do this, complete the Punnet Squares below. 

Fill in the two Punnet squares for the P x P cross and Fl x Fl cross. Remember, you are using 2 traits: note 
the gametes for each. Each haploid cell can only have one allele for each trait (one letter)! 

P x P CROSS Fl x F1 CROSS 

ab ab AB Ab aB ab 

AB AB 

AB Ab 

aB  
Fl Generation  

ab  

F2 Generation 

Based on these Punnet Squares, what are the predicted ratios from Punnet for the F2 generation?  
Use factions:  

red eyes, clear wings /16 white eyes, clear wings /16 

red eyes, spotted wings /16 white eyes, spotted wings /16 

Place the male from couple #1 and the female from couple #2 in the mating box. Run this P xP cross, and then set 
the offspring number to 100. Choose two flies from the Fl generation and run an Fl x Fl cross. As you run the 
cross, you can see graphic representations of your results, by clicking on the "Show Pie Chart" buttons for BOTH 
eyes and wings. Ignore the numbers in the pie chart window. Instead, look at the words below: the 
colors in the chart correspond to the combinations described in that same color below. For example, dark blue is 
red eyes and clear wings. Then use the count tool to get the actual numbers. Calculate the phenotypic ratio 
(Make the smallest number equal to one; divide it into the others): 

Sample: a fiatis2. 
RC 53 6 
WC 21 2 
RS 17 2 
WS 9 1 

This ratio APPROXIMATES a 9:3:3:1 ratio in that all 4 categories are represented, and the two phenotypes that 
show one dominant and one recessive trait (WC and RS) are similar and intermediate between the two that show 
either both dominant (RC) or both recessive (WS). 

3 
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OBSERVED RESULTS: F1 x F1 Cross 

F2 GENERATION - Non Linked Genes 

red eyes, clear wings /100 Ratio: 

white eyes, clear wings /100 Ratio: 

red eyes, spotted wings /100 Ratio: 

white eyes, spotted wings /1 00 Ratio: 

Do these approximate the expected ratios you predicted in the Punnet Square? Yes No 
Click on "Return to Lab Data" and "Clear Offspring." 

b. LINKED GENES 
Now you will look at genes on the same chromosome, or linked genes. If you stop and think about it, in terms 
of meiosis, alleles on the same chromosomes will segregate in a different fashion than alleles on different 
chromosomes. They will always move together. View the chromosomes below to look at the difference in how 
alleles segregate during meiosis when they are linked and unlinked. 

UNLINKED GENES LINKED GENES 

Before meiosis	 A a a 
b 

B 

Chromosomes duplicate A a A A a a 
and line up at metaphase B B b b 

B b b 

Divide, and divide again 
to make gametes: AB, Ab, aB, ab AB, ab only 

Click on the Chromosome tool, which is the bottom tool, and move the hand into the model window. Move the two 
genes, A and B back to the same chromosome. Set "Offspring per Cross" to 100. Run a P x P cross, then choose 
two flies from the Fl generation and run an Fl x Fl cross. Use the pie chart to get a feel for phenotypes and 
ratios, and then use the count tool to get numbers. Calculate the phenotypic ratio (Make the smallest number 
equal to one; divide it into the others If there is no phenotype represented, it becomes a zero): 

Observed ratio of F2 Generation from the F1 x F1 cross with Linked Genes:  
F2 Generation: Linked Genes  

Numbers: red eyes, clear wings /100; Ratio 

white eyes, clear wings /100; Ratio 

red eyes, spotted wings __/100; Ratio 

white eyes, spotted wings /100; Ratio 

You should see only 2 phenotypes. If more appeared, go back and check to make sure that you are counting the 
right flies. Also check that the genes are linked. If not run the simulation again. 

4 
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Does this match your expected ratio from the Punnet Square above? Yes No 

Why /Why Not? 

In what kind of crosses have you seen this type of ratio before? 

a P x P purebred crosses 
b. F2 x F2 crosses for one trait 
c. Fl x F1 crosses for one trait 

c. SUMMARY  
In both Fl x Fl crosses, for linked and non-linked genes, each parent has the same. genotype.  

What is this genotype? 

What phenotypic ratio can you expect from an Fl x Fl dihybrid cross when:  
1 ....the two genes are linked on the same chromosome?  

a. 9:3:3:1 
b. 3 :1 
c. 1 : 2 : 1 
d. 2:4 

2....the two genes are on different chromosomes? 
a. 9 :3 : 3 : 1 
b. 3 : 1 
c. 1: 2 : 1 

d. 2:4 

Why is this the case? (circle one) 

a. Non-finked genes do not segregate independently 
b. Linked genes do not segregate independently, and segregate as a single gene would 
c. Linked genes segregate independently and act as a single gene would 

3. The Dihybrid Test Cross 
Remember back when you worked with only one trait (floppy or straight ears), and you found the genotype of a 
straight-eared individual by crossing it with a floppy-eared individual (homozygous recessive), and you looked at 
the offspring. Now you will use the same approach to determine the unknown genotype of individuals showing 
two dominant traits. 

First, return to lab data and clear the screen. Use the bottom chromosome tool to unlink the genes: place on 
different chromosomes, and press OK. Run a P xP cross and an F1 x F1 cross to get the F2 generation. 

Consider an individual from the F2 generation with the dominant phenotype of red eyes and clear wings. 
List all the possible genotypes for individuals with this phenotype:. 

Use the microscope tool to test your hypothesis...click on microscope and move it to an insect showing both 
dominant traits in the F2 generation...the genotype will be revealed! Do this for a few dominant trait individuals. In 
real life, there is no genotype tool. What genotype could you cross with these individuals showing both dominant 
traits to determine their genotype? 

What is your plan? 

5 
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You will now attempt to uncover the specific genotypes of four different F2 individuals with the dominant traits of 

red eyes and clear wings. 

Press the "Add Testers to the Bank" button to load "tester insects" into the Model window. These testers in the 
top of your screen represent different genotypes that you can choose from to put in the mating box with the F2 
individuals that have red eyes and clear wings. We will refer to these F2 individuals as "unknowns," since we can 
see phenotype, but we don't know which of the four genotypes they have. You should use the microscope tool to 
verify the genotypes of the testers. 

List the two genotypes of the testers: 

Which of these genotypes will you choose to cross with the "unknowns"? 
(If you did not choose homozygous recessive individuals, consult with your instructor regarding your plan. If 

you are unclear about your plan, consult with your instructor:, or this exercise will only further confuse you!) 

Now, press RUN again to show the F2 cross again. It may be helpful at this time to "click off" the Fl generation by 
clicking in the top left corner of the Fl box, and then again in the little box that appears. This will reduce the box 
and make more room to see the F2 individuals. 

NOTE: It is critical to use only F2 individuals with red eyes and clear wings as unknowns! 
These are the genotypes you want to figure out! 

If you are at all uncertain on how to proceed with a test cross, use Punnet Squares and the system below to help 
you out. (Students who do not need to go through this process should skip this section and proceed to TRIALS 
section ). Proceed as follows: 
Example: List all the possible genotypes of the red-eye, clear-wing individuals In the spaces 
below. These represent all the possible test crosses. 

aabb x aabb x aabb x aabb 

Do a Punnet square below for each cross. 

Example: First, get gametes. For Genotype Aatab. crossed with aabb: 

Gametes from AaBb = AB; Ab; aB; ab 
ab 

AB 
Ab 
aB 
ab 

Gametes from aab

Possible phen
(check all that appear) 

RC RS 

b = ab 

otypes that will be seen 

WC WS 

Do Punnets for the three other crosses below: 

Cross: x aabb 
ab 

Cross: 
ab 

x aabb Cross: x aabb 
ab 

Possible phenotypes Possible phenotypes Possible phenotypes 
that will be seen: that will be seen: that will be seen: 

RC RS RC RS RC RS 
WC WS WC WS WC WS 

6 
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Before you proceed to the trials, summarize what you have learned by answering the question below: 

What can you conclude about a test cross for two traits? (circle one) 
a.	 If a recessive trait shows in the offspring of a test cross, the parent must be heterozygous for that trait. 
b.	 If a recessive trait shows in the offspring of a test cross, the parent must be homozygous dominant for that 

trait. 
c.	 If one recessive trait shows in the offspring of a test cross, the parent must be heterozygous for all traits. 

TRIALS. Now choose an F2 individual that has red eyes and clear wings (genotype: A Note it's 
ID# below and put it into the mating box with your chosen tester (note genotype of tester also). Run cross. It is 
most helpful to look at the pie chart to see which phenotypes the offspring have. You don't have to count 
flies in this exercise: just observe the phenotypes of the offspring by looking at the pie
chart, and then check them off on the chart below. 

Compare cross results with the work you have just done to determine genotype of unknown red-eyed, clear-
winged parent. 

Do four trials with four different "unknown" F2 individuals. After each test cross, "click off" that box (e.g. F3.1, 
F4.1) to clear up screen for the F2.1 generation once again. Record data and results: 

14pnotype of tester: 

Note, to save space, the following abbreviations for phenotypes will be used: 
RC = red eyes, clear wings WC = white eyes, clear wings 
RS = red eyes, spotted wings WS = white eyes, spotted wings 

ElLat Phenotypes of Offspring Conclusion- What CIOPS the data suggest 
Unknown (Check all that appear) is the most likely genotype of the 
PC parent .(RC) F2 Parents (Check one) 

Trial RC_ RS AABB____ AaBB 
#1 

WC WS	 AABB AaBb 

Trial RC_ RS AABB 
#2 

WC WS	 AABB AaBb 

Trial RC RS_ AABB__ AaBB 
#3 

WC WS	 AABB AaBb 

Trial RC_ RS AABB____ AaBB 
#4 

WC WS	 AABB AaBb 

7 
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Appendix E  

Bio 17 -- Flow Diagram for Concept Presentation (A Model) 

Concept Introduction (lecture/discussion) 
Example: In an ecosystem, living organisms are observed to eat one another. If 
food is energy, then how dos energy flow through an ecosystem? 

Discovery of Relationships between Components of Ecosystem 
1. Unguided activity with interactive computer software (30-60 minutes in  

computer lab).  
2. Class discussion/summarize what was discovered (computer lab). 
3. Guided study of using interactive computer software (30-60 minutes in computer 

lab). 
4. Class discussion/summary of first guided study and hypothesis generation of 

what is expected next (lecture). 
Repeat process of 3 & 4 with subsequent guided studies (computer lab). 

6. Class discussion during lab time of how the concept has been developed by lab 
activities (computer lab). 

7. How has the lab supported or not supported the text book materials? (lecture) 
8. Concept Summary (lecture): How can we design a lab to find connection to 

other topics or to find greater details? How can we relate textbook and lab 
materials to other parts of biology? How do these concepts relate to other fields 
of knowledge and to our lives in general? 

Six Step Lesson Using Constructivism 

1.	 Introduction of concept: What can we discover about the concept by lab work? 
2.	 What can we summarize about each activity and the accumulations of data at 

each stage? 
3.	 What can we connect between observations and reading? 
4.	 How can we describe the concept in our own words? 
5.	 How is this concept related to other concepts in Biology and other Fields of 

Study? 
6.	 Summary of concept under study. 
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Using the Macintosh for Biology Lab Simulations 
Mac Lab 7 

If the computers not already on. push the button located at the top of the 
keyboard. The computer will load the stored programs, and the monitor will show the 
"desktop" with several pictorial symbols called icons. The rectangle in the upper right 
corner labeled "Mac Lab" is the hard drive or hard disc. which stores all the applications LaserWriter 4/600 PS
and folders used in this class. Also present are the printer icons and the trash can where 
files and documents are deleted, but please do not use empty the trash without approval 
from the Instructor or Lab Technician. Any floppy disc that is used will also show up on the 
desktop. At the top of the screen is a menu bar that gives operating options, such as 

MacLab Laserwriterprinting and quitting applications (under File) and shutting down the Macintosh (under 
Special). The mouse and the keyboard are your tools for controlling the computer. 

Moving the mouse along the table will causes a pointer, usually the arrow to move 
about on the screen. The following activities will help you understand how to use the mouse. Trash 

1)	 To "select" an item position the pointer over the object or icon and "click" once by quickly  
depressing and releasing the button located on the mouse. The icon and words will be highlighted.  
Select the Mac Lab icon.  

2) To open a disc, file or application, quickly click twice. Open the Mac Lab hard disc.  
You will notice that the "window" has horizontal bars across the top to indicate that it is "active." As  
you open other folders, the newest window displays the bars while the first window appears clear.  
Double click on the folder labeled "Classes" to observe this. The second window lists folders for  
Biology, Math and Physics.  

3) To close the window move the pointer to the small box in the upper left corner and click. The second  
window disappears, reactivating the first window - -the Mac Lab hard disc.  

4) You can also open folders by using the menu bar. First "select" the icon labeled Classes. Place the  
pointer over the word File at the top of the screen. Depress and hold down the button on the  
mouse, then "drag" the mouse downward so the pointer highlights the word Open and release the  
button. The action is the same as if you put your finger on top of a small object, like a coin, and  
dragged it across a real desktop. Close the second window.  

5) Notice that a triangle 1:). precedes each folder. Folders can open by clicking the triangle once. 4C7  
Click on the triangle preceding Classes, and the same folders appear indented.  

Click on the triangle preceding Biology to reveal its contents.  
Click on the triangle preceding Population Ecology. 

c7 Click on the triangle preceding Ecology Activities.  
Exploring Ecology  

Since there are no more triangles, there are no more folders to open. The application we will use for the 
first computer sim,lations is called Exploring Ecology published by Wings for Learning. Double click on 
the icon to open toe Program. 

Before you start the simulation, you will go through the following exercises to become familiar with 
the program Note !Oat there are three model windows on your screen. 
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1. The left window is titled Population Growth. It show your data graphically and numerically. HAND 
Move your mouse to place the cursor into this window. Notice that it appears as a hand with a pointing 

finger. Use only the hand when working in this window--not the arrow. 

Should you accidentally click in the little box in the upper left corner, the Population Growth window will 
disappear. To reopen this window, move your cursor to the top menu bar. Click and hold on Miorli. 
Windows, Pull the arrow down to Population Growth and let go. The window will reappear. Try this. 

2. The bottom window is titled Select Activity. Notice that the cursor also appears as a hand in this 
window. Notice that the "Population Growth" button at the bottom of the screen is selected (it will be red, 
not black). Do not select other activities at this time, as it may interfere with the model windows in 
Population Growth. If you accidentally close this window, pull down Work Windows in the top Menu Bar 

and highlight Select Activity 

3. The third model window on the right, labeled Lake Logal, is the window in which youwill be 
performing most of the modeling activities. The cursor appears as an arrow. Tools used in the Model 
window include: Control tools (Go, Stop, Continue), Help tool, and Model tools (Arrow, Biotic, System). 

The Model Window has three different display modes as indicated by the Display Control Buttons at the 
top of the window labeled Food Web, Density Map, and Pyramid. Each mode shows information about 
the ecosystem being simulated. The current setting is the Food Web. If you accidentally close the Lake 
Logal window, pull down Windows in the Menu Bar & highlight Model 
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4. Observe the two colored boxes. The upper blue box represents fish that 170  
feed only on algae. The lower green box represents the population of algae.  
This trophic relationship is indicated by the moving dotted black line between  
the boxes.  

Notice the black triangle within each box on the right side. This triangle is an 
indicator of the number of individuals in the population. Place the tip of the 
arrow directly on the triangle. Click and hold it down. The number of fish or 
algae will appear in a bar at the top of the window. 

Now move the triangle up and down, and notice how the numbers change in 
the top bar. Wherever you leave it, the numbers will stay at that point. Use this 
black triangle when you want to set numbers of individuals. 

5. The blue and green triangles on the left of the boxes sets the carrying 
capacity for the populations. The carrying capacity is a measure of the number 
plants or animals that the environment (habitat) can support. Place the cursor 
arrow on this triangle. Click and hold and read off the carrying capacity for both 
populations. Notice how when you move the triangle, the carrying capacity 
changes in the upper bar. You will use these colored triangles whenever you 
have to change the carrying capacity of the population. 

6. Reset the population numbers and carrying capacities to their original values by 
clicking on the red "Population Growth" button. Now press the RUN tool (icon of a 
person running) and watch the model windows. Also watch the graph on the left side. 
The graph shows what happens as the population changes in response to the initial 
values selected. 

7. Click the stop icon (hand in stop sign). This causes the simulation to stop. When  
starting again, the numbers will reset to the last selected values. Press RUN again,  
and notice how the numbers change from where they were. You will use the STOP (0) 
tool when you want to stop the simulation and start again with the original values, or  
new values.  

8. Press stop again, but to restart press the CONTINUE icon, which has both a stop  
sign and a run sign. This will restart the simulation at the place you stopped it. You will  
use this tool when you want to continue on with a simulation.  

10. Now click on the HELP tool (the question mark). A little question bubble will 
appear. Place the question bubble over the stop tool and click again. Information 
about this tool will come up on the screen. You can use the help tool when you want 
to review information about the tools. To close the help window, click on the little box 
in the top left corner. 

11. The BIOTIC tool opens a Biotic window, which summarizes the key biotic' 
variables for each population in the selected system. The factors that are adjustable in 
this window are: growth rate (for plants), age of reproductive maturity (years), offspring ,se=4
per litter, longevity (years), biomass (kg), and speed. 

To change a value, click on it and type a new value. Click on the triangle at the top of a column or at the left 
of a row to make the whole column/row unchangeable. Where a factor is irrelevant for a given population, 
its value box is grayed. See the example on the next page. To exit this window, click on the arrow tool. 
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Arrangement of selected system (highlighted  
circ e is position of last selected population)  

Biotic factors 

BIOTIC	 "On-off" selectors  
for biotic factors  

Clicking on data Blank data box Data in box 
box enables with factor "off' with factor "on" 
change of value 

12. The SYSTEM tool opens the System window, which controls four variables: number Ov0of cells, type of region, system configuration, and type of population. You may experiment 
with these options at this time, but you will not be needing to change the settings during 
the actual simulations. 

13. Finally, TO QUIT EXPLORING ECOLOGY -- Move the cursor to the top menu bar. Click and 
hold on File and drag mouse down to highlight Quit, and let go. 

if you are leaving the lab. turn off the computer by moving the cursor to Special. Click and drag to 
highlight Shut down, and release. 
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Appendix G  

Biology 19 Grade Distributions 
Fall 1990 - Spring 1993 

Frequencies - Fall 1990 

Statistics 

N 

Valid Missing  
GRADE 76 0  

GRADE 

Valid Cumulative 
Frequency Percent Percent Percent 

Valid	 A 38 50.0 50.0 50.0  

B 21 27.6 27.6 77.6  

C 4 5.3 5.3 82.9  

F 3 3.9 3.9 86.8  

W 10 13.2 13.2 100.0  

Total 76 100.0 100.0  

Total 76 100.0  

Bar Chart 
60 

50 

40-

30-

20 

U 
a) 
a  

GRADE 



173 Frequencies Spring 1991 

Statistics 

N  

Valid Missing  
GRADE 73 0  

GRADE 

Valid Cumulative 
Frequency Percent Percent Percent 

Valid	 A 43 58.9 58.9 58 9  

8 14 19.2 19.2 78.1  

C 9 12.3 12.3 90.4  

D 2 2.7 2.7 93.2  

W 5 6.8 6.8 100.0  

Total 73 100.0 100.0  

Total	 73 100.0 

Bar Chart 
70 

60-

50-

40-

30-

20-

GRADE 



1.74 Frequencies - Fall 1991 

Statistics 

N 

Valid Missing 
087GRADE 

GRADE 

Frequency Percent 

Valid A 34 391 

B 28 32.2 

C 7 8.0 

D 3 34 
F 2 2.3 

W 13 14.9 

Total 87 100.0 

Total 87 100.0 

Bar Chart 
so, 

407 

30-j 

20-

10-
C 
a) 

a)
0 

GRADE 

Valid  
Percent  

39.1 
32.2 

8.0 
3.4 
2.3 

14.9 
100.0 

Cumulative  
Percent  

39.1 
71.3 
79.3 
82.8 
85.1 

100.0 



175 Columbia,College  
Biology 19 CAI/Non-CAI Grade Distributions  

Fall 1991  

Frequencies - Fall 1991 Non-Computer Aided Course 

Statistics 

N  

Valid Missing  
GRADE 16 0 

GRADE 

Valid Cumulative 
PercentFrequency Percent Percent 

43.8 43.8 43 8Valid A	 7 
25.0 68 84	 25.0 

81 3 
B 
C 2 12.5 12.5  

D 2 12.5 12.5 93.8  

1 100.0 6.3 6.3W 
16 100.0 100.0 

16 100.0 
Total 

Total 

Bar Chart 
50 -

40-

30-

20-

GRADE 



Frequencies - Spring 1992 

Statistics 

176 

GRADE 
Valid 

79 
Missing 

0 

GRADE 

Valid 

Total 

A 

B 
C 

D 

W 
Total 

Frequency 
25 
29 
10 

1 

14 

79 
79 

Percent 
31.6 
36 7 
12.7 

1.3 
17.7 

100.0 
100.0 

Valid 
Percent 

31.6 
36.7 
12.7 

1.3 
17.7 

100.0 

Cumulative 
Percent 

31.6 
68.4 
81 0 
82.3 

100.0 

40 

Bar Chart 

30-

20-

10-

a) 

a)
0 

B 

GRADE 



177 Frequencies - Fall 1992 

Statistics 

N 

Valid Missing 
GRADE 93 0 

GRADE 

Frequency Percent 
Valid A 47 50 5 

B 17 18.3 

C 8 8.6 
D 4 4.3 
F 2 2 2 
W 15 16 1 
Total 93 100.0 

Total 93 100.0 

Bar Chart 
60 

50-

40-

30-

20-

GRADE 

Valid  
Percent  

50.5 
18.3 
8.6 
4.3 
2.2 

16.1 
100.0 

Cumulative 
Percent 

50 5 
68 8 
77.4 
81 7 
83.9 

100 0 
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Frequencies - Spring 1993 

Statistics 

N  

Valid Missing  
GRADE 115 0  

GRADE 

Frequency Percent 
Valid	 A 61 53 0  

B 19 16 5  
C 16 13 9  
D 3 2 6  
F 4 3 5  
W 12 10 4  
Total 115 100 0  

Total	 115 100.0 

Bar Chart 
60 7  

GRADE 

Valid  
Percent  

53.0 
16.5 
13.9 
2.6 
3.5 

10.4 
100.0 

Cumulative  
Percent  

53.0 
69.6 
83.5 
86.1 
89.6 

100.0 
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Columbia1 College  

Biology 17 Grade Distributions  
Fall 93 - Spring 97  

Frequencies - Fall 1993 

Statistics 

N 

Valid Missing  
GRADE 111 0  

GRADE 

Valid Cumulative 
Frequency Percent Percent Percent 

Valid	 A 25 22.5 22.5 22.5  
B 38 34.2 34.2 56.8  
C 25 22.5 22.5 79.3  
D 3 2.7 2.7 82.0  
F 13 11.7 11.7 93.7  
W 7 6.3 6.3 100.0 
Total 111 100.0 100.0 

Total	 111 100.0 

Bar Chart 
40, 

30-1 

20-1 

-6 
a) 

a) 

10- !r111111 
A B F W 

GRADE 



180 Frequencies - Fall 1994 

Statistics 

r4 

Valid I Missing  
GRADE 110 0 I 

GRADE 

Frequency Percent 
Valid	 A 27 24.5 

B 44 40.0 
C 22 20.0 
CR .91 

2.7 
F 5 4.5 
W 8 7.3 
Total 110 100.0 

Total	 110 100.0 

D	 3 

Bar Chart 
50, 

40, 

30;, 

20; 

GRADE 

Valid  
Percent  

24.5 
40.0 
20.0 

.9 

2.7 
4.5 
7.3 

100.0 

Cumulative  
Percent  

24.5 
64.5 
84.5 
85.5 
88.2 
92.7 

100.0 



Frequencies Spring 1994 
Statistics 

181 

GRADE 

N 

Valid 
134 

Missing 
0 

GRADE 

Valid 

Total 

A 
B 
C 
D 
F 

W 
Total 

Frequency 
41 

42 
24 

4 

1 

22 
134 
134 

Percent 
30.6 
31.3 
17.9 

3.0 
.7 

16.4 
100.0 
100.0 

Valid 
Percent 

30.6 
31.3 
17.9 
3.0 

.7 

16.4 
100.0 

Cumulative 
Percent 

30.6 
61.9 
79.9 
82.8 
83.6 

100.0 

Bar Chart 
40, 

301 

201 

a)
U 
a) 

0_ 

GRADE 



Frequencies - Spring 1995 

Statistics 

182 

GRADE 
Valid 

146 

N 

Missin9 
0 

GRADE 

Valid 

Total 

A 
B 
C 
D 
F 

NC 
W 
Total 

Frequency 
44 
45 
25 

4 

8 

1 

19 
146 
146 

Percent 
30.1 
30.8 
17.1 
2.7 
5.5 

.7 

13.0 
100.0 
100.0 

Valid 
Percent 

Cumulative 
Percent 

30.1 30 1 

30.8 61.0 
17.1 78.1 
2.7 80.8 
5.5 86.3 

.7 87.0 
13.0 100.0 

100.0 
_ 

40, 
Bar Chart 

30 

20-

10-

A B C D F NC 

GRADE 



183 Frequencies - Fall 1995 

Statistics 

r.1 

Valid Missing  
GRADE 107 0  

GRADE 

Valid Cumulative 
Frequency Percent Percent Percent 

37.4Valid	 A 40 37.4 37.4  
B 42 39.3 39.3  76.6  

C 10  9.3 9.3 86.0  

CR  1 .9 .9 86.9  

D 2 1.9  1.9 88.8  

F 4 3.7 3.7 92.5  

W 8 7.5 7.5 100.0  

Total 107 100.0 100.0  

Total	 107 100.0 

Bar Chart 
50 T 

GRADE 



184 Frequencies - Spring 1996 

Statistics 

ri 
Valid MissingT 

GRADE 134 0 

GRADE 

Frequency Percent 
Valid	 A 35 26 1 

B 37 27.6 
C 27 20.1 
CR .71 

0 7 5.2 
F 6 4.5 
W 21 15.7 
Total 134 100.0 

Total 134 100.0 

Bar Chart 
30 -

20=, 

10-

CR 

GRADE 

Valid 
Percent 

26 1 
27.6 
20.1 

.7 

5.2 
4.5 

15.7 
100.0 

Cumulative  
Percent  

26.1 
53.7 
73.9 
74.6 
79.9 
84.3 

100.0 



Frequencies - Fall 1996 

Statistics 

185 

GRADE 
Valid 

96 

N 

l 

Missing 
0 

GRADE 

Valid 

Total 

A 
8 
C 

D 

F 

W 
Total 

Frequency 
27 
35 
22 

5 

3 
4 

96 
96 

Percent 
28.1 
36 5 
22.9 

5.2 
3.1 
4.2 

100.0 
100.0 

Valid 
Percent 

28 1 
36.5 
22 9 

5.2 
3 1 
4.2 

100.0 

Cumulative 
Percent 

28.1 
64.6 
87.5 
92.7 
95.8 

100.0 

Bar Chart 
40 --

30-

20-

10-

F W 

GRADE 



186 Frequencies - Spring 1997 

Statistics 

N  

Valid Missing  
GRADE 153 0  

GRADE 

Frequency Percent 
Valid	 A 43 28.1 

B 49 32.0 
C 32 20.9 
D 13 8.5 
F 4 2.6 
W 12 7.8 
Total 153 100.0 

Total 153 100.0 

Bar Chart 
40, 

C 
a)
U 

0a)

GRADE 

Valid 
Percent 

28 1 
32.0 
20.9 

8.5 
2.6 
7.8 

100.0 

Cumulative  
Percent  

28.1 
60.1 
81.0 
89.5 
92.2 

100.0 




