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The purpose of the study was to determine the effects of level III video disc 

instruction on high school biology students. There were three areas studied: 

students' achievement in biology, students' attitude toward biology, and confidence. 

The experimental group consisted of 70 biology students. The control group 

also consisted of 70 biology students. The teacher of the experimental group used 

level in video disc instruction to teach about invertebrates, vertebrates, human 

systems, and plants throughout the semester. The teachers of the control group 

taught the same topics during the same period using the traditional lecture method 

and without level III video disc instruction. Students took the Biology Achievement 

Test, the Purdue Master Attitude Scale, and the Confidence in Learning Inventory 

before and after the treatment period. A t-test on the pretest scores of the 

experimental group and the control group showed no significant difference between 

the two groups. The experimental group also took the Technology Preference Survey 

after the treatment period. 

An ANCOVA showed there was no statistical difference on achievement, 

attitude, or confidence between the two groups. Correlational coefficients in the 



experimental group were significant between achievement versus confidence and 

between confidence versus attitude. Correlation coefficients within the two collapsed 

sample groups showed significant correlation coefficients between achievement and 

attitude as well as the two correlations previously stated. The Technology Preference 

Survey showed an overall preference for the use of video disc instruction in the 

classroom. 

Based cm the findings, it is possible to conclude that level III video disc 

instruction does not significantly improve achievement, attitude towards biology, or 

confidence in the restrictive context of this study. On the other hand, it may also be 

noted that level III video disc instruction does not adversely affect the students' 

achievement, attitude towards biology, or confidence. Furthermore, students 

preferred to be taught with the assistance of level III video disc technology in biology 

and hoped it would be used in more classes. 
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CHAPTER 1 

INTRODUCTION 

Many elected government officials and various interest groups have given the 

call for reform in the field of science education, a call echoed in the America 2000 

report (U.S. Department of Education, 1991; Bruder, Buchsbaum, Hill, & Orlando, 

1992) and the American Association for the Advancement of Science, Project 2061. 

In addition, the National Science Teachers Association has overseen a project entitled 

Essential Changes in the Scope, Sequence and Coordination of Secondary School 

Science (Bruder et al, 1992). 

Science Curriculum Reform Projects 

Each curriculum reform project has been intended to improve scientific 

literacy among our youth through innovative ways. In advocating the idea that "less 

is more" (Speece, 1993, p. 226; Mclnerney, 1986), the National Academy of 

Sciences in Washington believed teachers should teach fewer concepts within their 

courses but with greater depth. Project 2061 emphasized that science teachers 

"should care about meaningful learning, not sheer coverage" (McCarthy, 1992, p. 

11). As was the case with the National Academy of Science, writers of Project 2061 

believed students should pursue significant topics in depth and in different contexts 

(Bruder et al, 1992). 
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The project, Essential Changes in the Scope, Sequence, and Coordination of 

Secondary School Science, sought to stress the integration of various science courses. 

Instead of offering science classes in a sequential manner, Scope, Sequence, and 

Coordination hoped to integrate all subjects, beginning during the students' 

sophomore year. According to the National Science Teachers Association, students 

will link the familiar with the theoretical. They will also understand how science 

relates to their lives (Bruder, 1992). 

America 2000 has six major goals. One goal aggressively addresses the low 

overall scientific literacy of the students in our country. It states, "By the year 2000, 

American students will be first in the world in science achievement" (Bruder et al, 

1992; U.S. Department of Education, 1991). Students will improve their overall 

rating by learning science content and by enhancing their problem-solving skills in 

"new American schools." Scientific literacy will, therefore, be for all students and 

not just for those on higher educational tracks (Shymansky & Kyle, 1992). 

A major commonality found in each project, however, is the necessity to 

integrate technology. "Technology in and of itself is not a solution to our 

educational problems. But it's an essential part" (Bruder et al., 1992, p.22). 

Although modern science and technology have changed the world in which we live, 

they have not yet impacted the process of schooling with the same magnitude. 

Recently, however, a great deal of progress has been made in combining 

technological advances with insight into science learning and science instruction 

(Shymansky and Kyle, 1992; Kinnaman, 1990). 



Implementing Technology 

The use of exciting technological innovations in education has held promise 

for producing significant and positive impact. "In order for this promise to be 

realized, schools must change, and effective management of that change is essential 

for optimizing benefits" (Advisory Committee for Technology Standards and Office 

for Technology, 1991). Thus staff development has become necessary. Teachers 

have often felt ineffective when an innovation was initially brought into the 

classroom. Innovations have to be carefully nurtured and monitored if real change is 

expected. If videodiscs are to be utilized in conjunction with a computer at level III 

capacity, teachers themselves will need instruction. Being able to control the video 

disc through the computer is not as simple as utilizing either one individually. 

Model for Implementing Technological Change 

Many teachers have expressed real interest in implementing new technologies, 

but they have been at least mildly uneasy about their new role (Elliot, Ingersoll, & 

Smith, 1984). Staff development, therefore, has become a factor in school 

improvement. The RPTIM model (Readiness, Planning, Training, Implementation, 

and Maintenance) reemphasized a model first discussed by Fred Woods (Wood, 

McQuarrie and Thompson, 1982). Referring to staff development, this model 

consisted of five stages: readiness, planning, training, implementation, and 

maintenance. Each of these phases must have been carefully carried out in order for 

proper change to be established. 



Each of these stages had separate functions. Readiness required faculty 

members to study, select, and make a commitment to new behaviors and programs 

that focused on improving professional practice and student achievement. In 

planning, faculty members developed a long-range plan to achieve the changes 

identified in "readiness." Training involved inservice training sessions based on what 

is known about the learner. "Any dramatically new product is going to require a 

great deal of inservice training before it is likely to have wide teacher approval 

and/or administrative acceptance" (Elliot, Ingersoll, & Smith, 1984, p. 21). During 

implementation, the participants integrated their new behavior or knowledge into 

their daily work activities with follow-up assistance. Last of all, maintenance is the 

phase where the changes in practice were monitored to ensure continued high levels 

of performance. 

While the RPTIM model illustrated the complete cycle of change, not 

everyone was usually at the same stage at the same time. There have always been 

some teachers who are very advanced in their use of technology, while others may 

need a beginner's information. Finkel (1992) believed all districts should be 

involved with three stages of implementation: catch-up, regular implementation, and 

skunk works. Catch-up was for novices who need to be brought up to speed. 

Regular implementation dealt with uses of technology at the level desired. Skunk 

works was a stage where the curriculum director or principal encouraged and funded 

experimentation with new technologies. 



As the state of Texas has adopted more video disc series for use as science 

textbooks, the College of Education at the University of Texas has taken advantage 

of the opportunity to teach eager learners (Solomon, 1992). Graduate school students 

have been working together with elementary teachers to create video disc-based 

lessons. These lessons incorporated sound, graphics, and textual material with still 

images and video disc movies. By providing this type of assistance, the teachers 

have received the necessary staff development. 

Important Variables 

Applying other recommendations on how to introduce and implement video 

disc in schools has also been helpful. Hamilton (1990) believed that involving the 

principal is a major key. Similarly, Lumley (1992) believed that the impetus and 

direction for the implementation of technology must come from district leaders. The 

superintendent should develop technology plans for the district and promote the 

vision among school principals. Superintendents should encourage principals to have 

their own technology projects. In fact, the National Science Teachers Association 

has written a series of handbooks concerning the role of the principal in science 

programs. They have identified characteristics of good programs. These books have 

also provided principals with a method and a checklist for program evaluation. 

The success of the project has also been dependent on the superintendent's 

ability to organize the district's human, material, time, physical and financial 

resources (Hamilton, 1990; Lumley, 1992). Video discs and equipment must be 



available. Having a teacher who is adequately trained to introduce and guide its use 

for other teachers has helped increase implementation. "If you don't have local staff 

to help implement your technology strategy, you're setting yourself up for failure" 

(Finkel, 1992, p. 16). Providing release-time for teachers to learn how to integrate 

the computer with the video disc player has also increased the rate at which video 

discs are utilized to their fullest capacity. 

Theodore Crovello (1984) and George Sales (1989a) summarized the need to 

pay close attention to the choosing of computer hardware and software so they may 

be integrated. The entire educational computing system, including available software 

and type of people, should be considered before selections are made (Crovello, 

1984). Interactive software should be evaluated before being purchased by any 

institution. The evaluator must have both a theoretical and a practical understanding 

of interactive video design and implementation (Pennington, 1990). 

Another barrier to implementing technology has been cost (Wilson, 1992; 

Elliot et al., 1984). In Where to Find Funding (1992), Tom Wilson detailed various 

ways in which school districts might possibly secure the necessary funds needed for 

the initial expenditures. Some of them included commonly thought of ways such as 

district general funds and parent-teacher organizations. Other manners of securing 

funds were more innovative such as tapping state lottery earnings, forming 

partnerships with colleges or local adult education programs, foundation grants, real 

estate developer contributions and corporate donations and programs. 



Corporate donations have changed in recent years. In the past, a few 

corporations have supplied universities and colleges with donations and grants. In 

1994, major corporations are giving cash and product grants to teachers of colleges 

and universities as well as elementary and high schools. In 1990 alone, Optical Data 

Corporation, Apple Computer, Autodisk, Inc., Commodore Business Machines Inc., 

Computer Learning Foundation, Digital Equipment Corporation, Hewlett-Packard 

Company, IBM Corporation, Microsoft Corporation, NEC Corporation, and Tandy 

Corporation donated close to $100 million to assist all levels of schools. Besides 

cash and products, many of the grants are including teacher training packages. Tom 

Wall, executive for IBM, stated, "If you feel technology has a place in the schools 

and you don't teach it to teachers, you've missed the boat" (Stanton, 1992, p. 38). 

Results of a survey conducted by the Virginia Department of Education 

reflected the need for vendors to provide adequate support for both hardware and 

software. The survey held that vendors should also determine the needs of the 

school. Since a large majority of the teachers had little computer background, 

software should be as user-friendly as possible. According to this survey, teacher 

training institutions in the state needed to emphasize the computer as an instructional 

tool and not dwell on programming (Herrmann, 1989). 

Rationale for Technology in Education 

Many students in U.S. high schools have been required to take more math and 

science in order to graduate. According to a report found in a 1991 issue of 
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Chemical and Engineering News, enrollment of students taking biology between 1982 

and 1990 grew from 75% to 95% (Borman, 1991). All efforts must, therefore, be 

made to utilize the time biology teachers have with their students as efficiently as 

possible. By combining science and technology, the United States has hoped to 

compete in the markets of the world and become first in science and mathematics 

achievement by the end of the century (Rhodes, 1991). In order to increase 

competitiveness and the amount of information available to their students, many 

states have turned to technology as a way of teaching subjects in a meaningful 

manner (Ellis, 1984; Fritz, 1991). 

Many reasons have existed for the use of video disc technology in the 

classroom. The video disc has provided an easy way of storing a great deal of 

information. Large data bases are stored in a manner accessible to both students and 

teachers (March, 1987). The information included can be still frames or in movies 

(Sales, 1989d). The use of video disc technology has also been appropriate where 

viewing real natural phenomena is essential for it to be completely understood. For 

example, cell movement which may not otherwise be seen by students can be 

detected, filmed, and shown in the classroom. Slow-motion as well as time-lapsed 

photography of natural phenomena has also been captured on video discs (Bork, 

1981). The muscle movement of a child pitching a ball or a flower blooming can 

now be analyzed by students with greater scrutiny. 

Through video disc technology, students have seen, heard and read about 

various topics (Sales, 1989c). Its multiple modes of presenting information has thus 



added new dimensions to teaching and new opportunities to learners (Lai, 1990). In 

New Tools for New Learning Opportunities. Kathleen Wilson (1991, p. 12) pointed 

out, "The same technologies that are moving us into the information age can also 

provide us with new ways to teach our children." The St. Louis Zoo presently uses 

interactive video disc technology throughout the zoo and in their classroom. Not 

only does the technology co-exist with the animals, it allows school children of all 

ages and adults to experience the animals' world without invading their space 

(Hertzberg, 1992). 

Another reason for using video disc technology in the classroom is that it has 

supplied a strong motivational effect for creating and maintaining student interest in a 

subject (Bork,1981; Sales, 1989; Das et al., 1988; Lott, 1992). According to Fred 

D'Ignazio (1989, p. 39), "It can help bring even the driest areas of curriculum to life 

and turn the classroom into an exciting, studio-like area." A multimedia package 

developed by William K. Bradford (1992) used video disc technology to simulate an 

environmental challenge to save the planet. In the future, interactive video discs may 

also help fill a forecasted shortage of high school pre-calculus teachers (Henderson 

and Landesman, 1988). This type of technology may provide some students who 

otherwise would not be able to learn mathematics with the individualized instruction 

and motivation required to succeed. 
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Statement of Problem 

The problem of this study was to determine the effect on student performance 

outcome, attitude, and confidence toward high school biology by regular biology 

students when provided with Level in video disc instruction. 

Purpose of the Study 

The purposes of the study were to: 

1. investigate the effect on achievement in biology between regular biology 

students whose teachers utilized Level III video disc instruction and biology students 

whose teachers did not utilize video disc instruction. 

2. investigate the effect on attitude toward biology between regular biology 

students whose teachers utilized Level III video disc instruction and biology students 

whose teachers did not utilize video disc instruction. 

3. investigate the effect on level of confidence between regular biology 

students whose teachers utilized Level III video disc instruction and biology students 

whose teachers did not utilize video disc instruction. 

Statement of Hypotheses 

Hl0. When prior knowledge is controlled, there will be no significant 

difference in the level of achievement in biology between those regular biology 

students whose teacher utilized Level III video disc instruction and students whose 
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teacher used no video disc instruction, as measured on the Biology Achievement Test 

at the end of the treatment. 

H20. When prior attitude is controlled, there will be no significant difference 

in the level of attitude toward biology between those regular biology students whose 

teacher utilized Level III video disc instruction and students whose teacher used no 

video disc instruction, as measured on the Purdue Master Attitude Scale (measured 

for biology) at the end of the treatment. 

H30. When prior knowledge is controlled, there will be no significant 

difference in the level of confidence in biology between those regular biology 

students whose teacher utilized Level III video disc instruction and students whose 

teacher used no video disc instruction, as measured on the Confidence in Learning 

Inventory at the end of the treatment. 

Definition of Terms 

Attitude - used in this study to refer to the extent to which a student has a 

positive or negative attitude about biology as measured by the Fennema-Sherman 

Attitude Scale (Fennema-Sherman, 1976). 

Confidence - for this study, the state of being certain about information 

dealing with biology after having received instruction in either the traditional method 

or the experimental method via Level III video disc. 

Interactive video - a video disc player controlled by a computer using 

interactive software with output to an A/V monitor. 
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Level I Video Disc Instruction - the use of teacher-mediated video disc 

technology incorporating displays, pauses, and checks of student understanding 

without the assistance of a computer. 

Level II Video Disc Instruction - video disc information is mediated by a 

computer program on audio track II. Students may interact with the instructional 

presentation by using a keypad similar to a remote control for a television. 

Level III Video Disc Instruction - deliberate arrangement of experiences by 

the teacher using the computer to manage the output of a laser video disc to an A//V 

monitor to help a learner achieve a desirable change in performance. 

Video disc - a video recording and storage system in which audiovisual 

signals are recorded on plastic discs rather than on magnetic tape. It contains 54,000 

discrete frames or concentric rings per side for storing information. In the place of 

still frames, it may contain up to one hour per side of continuous motion video 

(Brooks, Lyons, and Tipton, 1985; Burns, 1981; Marsh, 1982). 



CHAPTER 2 

REVIEW OF THE LITERATURE 

Efforts utilizing technology at different levels of education have been 

undertaken to enhance student academic performance, especially in the field of 

science. Video disc technology is one mode teachers have used to improve student 

scores as well as spark their interest in science (Krieger, 1992; Kramer, 1991a; 

Kramer, 1991b). Since this study concerned the effects of video disc technology on 

achievement, attitude, and confidence in high school biology students, the review of 

the literature has been divided into five major sections: (1) overview, (2) video disc 

research, (3) attitudinal research, (4) achievement research, and (5) confidence 

research. 

Overview 

Technology has taken on many different forms in the field of education. The 

Advisory Committee for Technology Standards and Office for Technology, housed 

under the Texas Education Agency, believed that technology, when appropriately 

applied, could improve education (1991). Some video disc designers have authored 

discs for use in various fields of education such as health, geography, science, and 

history. Other video discs deal specifically with art, music, and language arts 

(Pearlman, 1991). Since the advent of video disc technology, some teachers have 

13 
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changed their teaching strategies. Teachers who previously taught with slide 

carousels, movie projectors, and posters have recently been able to use a multi-

sensory approach. This has included using a mixture of talk, text, still and moving 

visuals, and real and simulated experiments (Duhrkopf & Kramer, 1991; Eiser, 1992, 

1992; Hofmeister, Engelmann, & Carnine, 1989; Lehman, 1985; Sigda, 1983). It 

has therefore been made possible for educators to use video disc technology for 

direct instruction, instructional support, independent research and/or testing (Sales, 

1989b). 

Using a video disc player just for the sake of using a new form of technology, 

however, may not necessarily have influenced achievement. Instead, Clark (1983), 

Hofmeister et al. (1989), and Alessi (1984) believed it was the content of the video 

discs in conjunction with their proper use that influenced achievement. When using 

video discs, teachers were freed from the chalkboard and were able to increase 

individual contacts with students. Teachers also had a greater awareness of student 

performance (Clark, 1983). Furthermore, when the teacher was supported by a well-

validated video disc even the inexperienced instructor could ensure that students 

received a clear lesson delivered with dynamic pacing (Hofmeister et al., 1989). 

Three different video disc levels existed. Each level had specific 

characteristics identifiable through the type of software and hardware used. As the 

levels of software increased, so did the level of interactivity and hardware 

requirements. At Level I, teachers mediated the video disc presentations. The 

instructor incorporated displays, pauses, and checks of student understanding without 
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the assistance of a computer, therefore limiting interactivity between any computer 

and a user (Litchfield, 1990). 

At Level II, video discs contained a computer program on audio track II. 

Teachers mediated the information using a program read into a microprocessor built 

into the video disc player. Students interacted with the instructional presentation by 

using a keypad similar to a remote control for a television (Sales, 1989c). 

For the video disc to be utilized at Level III, the presentation was computer-

mediated. The video disc and the appropriate computer program diskettes were 

installed together in a computer. The program guided the entire instructional 

presentation from the computer disk (Sales, 1989c). It, therefore, allowed the 

teacher and students to use the classroom computer for more than just tutorial or 

drill-and-practice purposes. Students and teachers were able to interact with the 

materials, participate in decision-making strategies, and work through inquiry 

exercises (Bradford, 1992). Litchfield (1990) stated that this type of video disc and 

computer integration can help develop higher-order intellect skills and reasoning 

capabilities (p. 16). The American Association for the Advancement of Science 

(1989), believed that students should, indeed, develop these higher-level thinking 

skills. 
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Video Disc Research 

Video disc research in elementary schools. Educators have conducted 

research with video disc technology in various fields of science as well as at various 

grade levels. By using students in the sixth grade level from three different schools, 

McWhirter (1991) studied the effectiveness of level one video disc instruction on the 

topic of weather over a two week period. With sixty students making up the 

experimental group and sixty students making up the contrast group, McWhirter 

supported the influence of level one video disc instruction on student achievement. 

Treatment groups had significantly higher mean raw scores (2 < .05) on the posttest 

than the control groups at all three campuses. 

Anthony (1992) studied elementary student and teachers' perceptions of 

Windows on Science. After reviewing the results of the survey, Anthony concluded 

that students and teachers had favorable perceptions of this Electronic Information 

Media Systems (EIMS). Teachers, however, identified the need for more 

experiments to make this electronic textbook program successful. 

In 1990, two U.S. elementary schools used several British science education 

video discs in their classroom (Greenberg, Coulson, Drizd, Eley, & Kelly, 1990). 

Britain wanted to test their science education video discs produced as a result of 

Project MIST (Modular Investigations into Science and Technology). Each video 

had 45 to 50 modules over topics such as "Air and Water," and "Forces, Machines 

and Structures" (Greenberg et al., 1990, p. 68). The study questions were open-

ended, and the researchers used student surveys and teacher interviews to measure 
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attitude. Of the students, 50 to 60 percent indicated a positive attitude towards the 

video disc modules by selecting "smiling faces" on their survey. Furthermore, 75 to 

80 percent of the adjectives which students selected on the survey also indicated a 

positive attitude. Almost all teachers and administrators revealed a positive 

experience from the video disc modules (Greenberg et al., 1990). Detailed statistical 

results were not provided. 

Video disc research in high schools. In Carrollton-Farmers Branch I.S.D., 

Petty and Young studied the effects of interactive video disc technology on students 

from sixth grade and high school chemistry classes. Students in the experimental 

group took a combination of life, earth, and physical sciences through laser disc 

instruction. A total of 581 students participated in either the control group or the 

experimental group. Based on the evaluation of data, Petty and Young concluded 

that interactive video disc instruction did serve as a motivating factor in increasing 

attitudes and motivation in science (Petty & Young, 1992). 

At the ninth grade level where students learn physical science, educators 

conducted extensive research on the use of interactive video. This was in 

conjunction with the Texas Learning Technology Group. University High School, in 

Waco I.S.D. was one of the testing sites for a program that has since reached thirty-

seven school districts. Waco teachers believed that the effective use of this 

technology reduced the failure rate and increased student attendance and interest in 

science (Keathley, 1989). 
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Beginning with the 1993-94 school year, Texas school districts were allowed 

to opt for interactive video disc technology-based curriculums in the high school 

chemistry classroom. The state paid for the technology in the same way that it paid 

for textbooks. It, therefore, represented a greater financial commitment to 

technology by the state educational agency (Lott, 1992). 

Video disc research in universities. Stevens (1984) conducted research to 

compare video disc instruction with standard laboratory instruction in a physics 

course taught at George Mason University. Forty-nine students participated in the 

study with twenty-two students forming the experimental group and twenty-seven 

forming the contrast group. The laboratory exercise utilized for this study dealt with 

standing waves on strings. Using analysis of covariance, Stevens did not find any 

statistically significant difference in the performance of the two groups on a physics 

content test (Stevens, 1984). 

In a separate research study at the University of Nebraska-Lincoln, Wankel 

studied achievement among eighteen students who used the video disc and eighteen 

students who used the hands-on approach for a lab on standing waves. As was 

previously shown by the study done at George Mason University, both groups made 

similar advances on the post-test (Wankel, 1994). At Kansas State University, Kruse 

(1989) conducted a similar study with first year physics students. Here, however, 

each student performed three investigations dealing with vibrating strings and two 

with running water. Students performed at least two investigations by simulations 

and at least two investigations by using traditional laboratory equipment. Based on 
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his results, Kruse indicated that there was no significant difference in the ability of 

students to find a relationship between variables studied using the two different forms 

of instruction. The students did, however, believe that hands-on experience was an 

important component of laboratory investigations. (Kruse, 1989). 

At East Carolina University, preservice elementary science teachers 

participated in a study to determine the effects of video disc technology on 

achievement and attitude (Vitale & Romance, 1992). Since few males pursue 

elementary education as an undergraduate major, 42 female preservice elementary 

education majors formed the experimental group, and 32 females comprised the 

control group. They took a 66 item criterion-referenced test as pre- and post-

achievement measures. Furthermore, participants in the study only took the 12-item 

attitude scale at the end of the study. 

System Impacts Corporation, the Earth Science video disc developer, provided 

the achievement test for Vitale and Romance. It had a high degree of internal 

consistency reliability with an alpha = 0.93. After data analysis, Vitale and 

Romance reported that the video disc was extremely effective across the nine 

subtests. Quantitatively, Wilks' lambda = 0.174, F(9,63) = 33.12, p < 0.01, 

while the adjusted mean differences between the experimental and control subjects 

ranged from 0.58 to 0.22 correct across the nine subtests. 

Vitale determined attitude and confidence differences by using a 12-item scale 

he devised. It had four subscales: a) Anticipated Science Teaching Enjoyment, b) 

Confidence with Science Knowledge, c) Confidence in Science Teaching Skills, and 
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d) Importance of Science in the Elementary Curriculum. Internal reliability 

consistencies for each subscale were alpha = 0.87, 0.90, 0.81, and 0.33 

respectively. The experimental subjects were found to be significantly more positive 

than the controls on two subscales. For the Anticipated Teaching Enjoyment 

subscale, F(l,66) = 11.33, g < 0.01. For the Knowledge Confidence subscale, 

F(l,66) = 8.01, g < 0.01. Results from the other two subscales, Confidence in 

Science Teaching Skills and Importance of Science in the Elementary Curriculum, 

were nonsignificant (Vitale & Romance, 1992). 

Gretes and Songer (1989) developed an instrument using interactive video to 

test for learning styles. Their objective was to make an instrument that would 

analyze learning styles with as great a reliability as the paper and pencil version of 

the Hill Cognitive Style Interest Inventory. Based on responses from 195 subjects 

who took both tests, the Pearson correlation was .68. Test-retest reliability on the 

Learning Style Survey using the video disc was .78 based on 45 student responses, 

while the reliability for the paper and pencil test was .75 based on 76 student 

responses (Gretes & Songer, 1989). 

Video Disc Research in the Medical Profession 

At the University of Tennessee, 29 first-year graduate nursing students 

participated in a field test using level one interactive video. By analyzing the results, 

Lusk proved there was not any significant difference in achievement between the 
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interactive video group and the lecture group. The experimental group also produced 

these equivalent results without decreasing student satisfaction (Lusk, 1988). 

O'Neill (1989) conducted a study with the nursing program through the 

University of Houston, and the results were similar to those of Lusk (1988). Sixty-

three nurses participated in this study. Based on the data collected, O'Neill there is 

no evidence to indicate that the lecture method was better than the interactive video 

disc method for teaching various nursing management skills. It did show that the 

higher-order nursing management skills of analysis, synthesis, and evaluation were 

more effectively taught through the lecture method than through the experimental 

treatments (O'Neill, 1989). 

Nurses from four selected community colleges in central Maryland were 

recently part of a study in which Wittstadt (1991) compared the level of confidence. 

Members of the experimental group learned the material by using interactive video. 

The contrast group learned using the traditional lecture method. The findings from 

this investigation were twofold. First, there was no statistical difference in 

confidence levels between the contrast group and the experimental group at the .05 

level. Second, there was an increase in knowledge in favor of those nurses who 

received the interactive video instruction. With interactive video, the reentry nurses 

worked with one segment of a lesson at a time, stopped and only continued when 

they mastered this lesson. Their increase in knowledge produced a statistically 

significant change at the .05 level (Wittstadt, 1991). 
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At the University of Connecticut Health Center, physicians enhanced their 

diagnostic skills with an interactive video disc program. Arnold M. Katz, M.D. 

professor of medicine and head of the Cardiology Division, implemented this type of 

technological program which was first introduced by Miles Pharmaceuticals. In this 

package, physicians ordered the proper diagnostic procedures and tests, reached a 

proper diagnosis based on the test results, and devised an appropriate treatment plan. 

The doctors immediately corrected any inappropriate decisions. Although Dr. Katz 

had not reached statistical conclusions, he believed that this opportunity helped to 

broaden and sharpen their diagnostic skills (Michalopoulos, 1984). WICAT, Inc. 

also produced similar simulation video discs for gastroenterologists. Physicians 

looked at medical histories, lab test, X-rays, and endoscopic examination before 

making a diagnosis (Kearsley & Frost, 1985). 

Video Disc Research in the Field of Biology 

In the field of biology, Leonard (1989) conducted a study to determine 

whether students perceived an interactive computer video disc learning system as an 

alternative for conventional laboratory skills. After analyzing data collected through 

a questionnaire, Leonard (1989) concluded that interactive video disc technology does 

not substitute for "wet laboratory experiences." This study, however, only evaluated 

perception, not achievement. Leonard concluded that this form of instruction may 

indeed enrich the spectrum of educational experiences. For example, simulated field 
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trips to the ten major biomes of the world gave students a view they would not 

otherwise see. This simulation provided an excellent learning experience. 

Wang (1989) investigated the effects of question location and student cognitive 

style on retention and perception of an interactive video disc biology lesson. A total 

of 162 biology students studied a 40 minute interactive video disc lesson in small 

groups of three. One group was asked questions at the end of the lesson, while the 

other group answered questions interspersed throughout the lesson. All the students 

took three measuring instruments which included the Group Embedded Figures Test, 

the Biome Achievement Test, and the Student Perceptions on Instructional Material 

and Attitude questionnaire. Wang concluded there was no difference in retention and 

perception between the two groups. There was also no interaction effect between 

question location and student cognitive style on retention and perception. There was, 

however, a significant effect of cognitive style on students' retention of the 

interactive video disc lesson. Field-independent subjects performed better on the 

Biome Achievement Test (M = 28.0 or 68.3%) than the field-dependent subjects (M 

= 24.08 or 58.7%). 

At the college level, Bunderson compared student achievement in biology with 

video disc versus classroom instruction. The experimental group using the video disc 

scored significantly higher on the posttest. Another interesting conclusion was that 

the group using the video disc also required about 30 percent less study time 

(Kearsley & Frost, 1985). 
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Research on Attitude 

The definition of the term attitude has evolved within scientific and 

psychological literature (Shrigley, Koballa, & Simpson, 1988). In the 1800s, attitude 

was strictly behavior as a motor concept. In the 1790s, stationary figures and 

postures of dancers were used to describe attitude. The idea of evaluating attitudes 

came about in 1928 by Thurstone (Wareing, 1990). In the early 1920s and 30s, John 

B. Watson, the behaviorist, believed that thought processes had physiological 

manifestations such as subaudible movements with the larynx (Shrigley, 1990). 

At the present time, Shrigley, Koballa, and Simpson define attitude as "our 

preference to like or dislike something" (1988, p. 675). Students learn attitudes from 

experience. If students learn attitudes, Shrigley, Koballa, and Simpson also believed 

that instructors can teach attitudes. Schibeci (1983), however, explained the danger 

involved when teachers treat attitudinal objectives in the same way as cognitive 

objectives. Educators, therefore, should define attitude, and provide explicit 

justification for including attitudinal objectives in curriculum writing and research 

design (Schibeci, 1983; Haladyna, Olsen, & Shaughnessy, 1983). 

Attitude changes. The National Commission on Excellence in Education 

(1983) stipulated this justification quite clearly. Producing citizens who can function 

within a scientific and technological world is one of the imperatives entrusted to our 

teachers. Researchers, unfortunately, have indicated that the overall attitude of 

students toward science has been declining in high schools across the country 

(Ebenezer & Zoller, 1993; Hofstein, Scherz, & Yager, 1986; Hofstein & Welch, 
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1984; Shepardson & Pizzini, 1993; Talton & Simpson, 1985a; Talton & Simpson, 

1987b; Uno, 1988; Yager & Bonnstetter, 1984; Yager & Penick, 1986; Yager & 

Yager, 1985). Improving students' attitude toward science has become an 

educational goal for many educators. In 1986, Gordon Uno determined that there 

was a declining interest in biology as a career. In the last two decades, interest by 

students wanting to major in biology has gone down by 30 percent (Moore, 1990). 

Uno (1988) and Myers and Fouts (1992) suggested several ways in which high school 

teachers could help improve interest and attitude in biology among their students. 

According to Uno (1988) teachers should (a) promote student self-discipline and 

learning skills, (b) broaden student perception of and improve student attitudes 

toward science and biology, (c) train students to use critical thinking skills, and (d) 

provide a solid background in biological concepts (Uno, 1988, p. 21). Haladyna et 

al. (1983) categorized each of these four suggestions into one of three endogenous 

variables that ultimately determine student attitude toward science: the learning 

environment, the teacher, and the student (Haladyna et al., 1983). These three 

endogenous variables incorporated class environment, formality, and teacher praise 

and reinforcement of students. These are endogenous variables because they exist 

within the school process and are under the direct control of the teacher. 

Myers and Fouts (1992) also provided a list of strategies which teachers can 

employ to improve their students' attitude toward science. They included (a) 

providing more hands-on activities, (b) providing more student-relevant topics that 

encourage student involvement, (c) using more cooperative learning activities to 
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promote student-to-student interaction, (d) focusing on positive and supportive 

communication with every student, (e) providing an organized classroom setting, and 

(f) diversifying their teaching strategies (p. 936). When evaluators compared these 

strategies with those of master biology teachers, the same general themes surfaced 

under similar terminology. Exemplary biology teachers have incorporated 

involvement of students, affiliation with students, teacher support, task orientation, 

order and organization, and rule clarity (Tobin, Treagust & Fraser, 1988; Treagust, 

1991). According to Moore, "Teachers must win students' confidence, create an 

atmosphere of trust, know the subject material, be enthusiastic and make teaching a 

personal issue" (1990, p. 336). 

Attitudinal studies. Many educators have studied students' attitudes in the 

biology classroom (Ajewole, 1991; Ewing, Campbell, & Brown, 1987; Ebenezer & 

Zoller, 1993; Myers & Fouts, 1992; Okebukola, 1985; Piburn & Baker, 1993; 

Talton & Simpson, 1987b). Altering the method of instruction, the classroom 

environment, and the reading requirements are strategies that have been utilized by 

researchers. Ajewole (1991) conducted a study of biology students in Nigeria in 

which instructors taught the experimental group by using the discovery method, while 

the control group learned by using the expository method. The experimental group 

demonstrated a significant difference in its attitude towards biology that the control 

group, i = 8.87, £ < 0.01 (p. 401). 

Ewing, Campbell, and Brown (1987) conducted a research study at Oklahoma 

State University. Teachers in this study encouraged scientific literacy and afterwards 
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measured attitude towards biology. The control group learned in the traditional 

manner, utilizing three lectures and one lab weekly. Students in the experimental 

group attended two lectures and participated in one small discussion group each week 

along with the laboratory. Teachers in both groups assigned students short auxiliary 

readings on topics related to, but not directly dealing with topics introduced in 

lecture and laboratory. Ewing et al. (1987) found attitude toward the course to be a 

significant (g < .01) covariate. 

Myers and Fouts (1992) concluded that attitude toward science was positively 

correlated with classroom environment. They separated the 27 classes into three 

major groups by using cluster analysis based on learning environment. The first 

cluster perceived a high level of involvement, personal support from teachers, 

positive relationships with students, and diverse teaching strategies and activities. 

Analysis of variance on the dimensions analyzed within the clusters showed 

significant differences, F = 18.2, g < 0.0001 (p. 935). Unlike other studies 

(Ajewole, 1991; Ewing, Campbell, & Brown, 1987; Ebenezer & Zoller, 1993), 

Myers and Fouts (1992) found that attitude improved without puiposely instituting 

any specific technological intervention. They concluded that if classroom 

environment improves, attitude improves. 

Even though Ajewole (1991) and Ewing, Campbell, and Brown (1987) 

detected significant differences, not all attitudinal research detected such results. 

Between 1986 and 1989, British Columbia instituted a science-technology-society 

(STS) curriculum for tenth graders. In this study, Ebenezer and Zoller (1993) 
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studied changes in students' attitudes toward science and technology in schools which 

did not implement the new program. Ebenezer and Zoller concluded that there was 

no significant change in students' attitude toward science in the positive direction. If 

these schools had used the new STS curriculum, however, there may have been a 

significant difference. These results provided the research needed in order to plan 

changes in science education in the future (Ebenezer & Zoller, 1993). 

In Nigeria, Okebukola (1985) investigated the relationship between behavior 

strategies of students, and performance in and attitude toward laboratory work in the 

biology classroom. Students exhibited certain behaviors highly associated with 

performance and attitude, while some of their other behaviors had low correlations. 

"Transmitting information, listening and nonlesson related behaviors exhibited low 

correlation with practical skills and the attitude measure. The correlations between 

manipulating apparatus and observation with practical skills measures were found to 

be strong" (Okebukola, 1985, p. 221). 

Piburn and Baker (1993) interviewed the students in a single school district in 

a Rocky Mountain state to find out the attitude toward science in kindergarten 

through twelfth grade. Students at the lower grades indicated a strong positive 

attitude toward science. Students at the high school level, however, reported a very 

negative attitude toward science. Analysis of comments made by the students 

indicated that they could no longer understand science. They did not enjoy the 

subject matter anymore; neither did they continue to consider science as a career. 

Many students also did not think that science was relevant to their lives. 
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Instruments used in attitudinal studies. There are many instruments used to 

measure attitude (Bratt, 1984). Most of them are Likert-type scales (Ajewole, 1991; 

Ebenezer & Zoller, 1993; Ewing, Campbell, & Brown, 1987; Myers & Fouts, 1992; 

Okebukola, 1985; Shepardson & Pizzini, 1993; Talton & Simpson, 1987). Pibum 

and Baker (1993), however, opted to use a qualitative approach for studying attitude 

toward science. Two males and one female interviewed the 149 students involved in 

their study. Each student was asked several open-ended questions, and their 

responses were coded and analyzed. 

Some researchers have developed their own Likert-scales for attitude research, 

while others have used pre-existing scales for their studies. Talton and Simpson 

(1987) used a scale that was designed by Simpson and Troost. It contained seven 

Likert questions addressing students' attitude in biology and 51 questions related to 

14 other subscales. The Cronbach's Alpha reliability estimate for the attitude 

subscale was .88. Ewing, Campbell, and Brown (1987) developed their own Likert 

scale for determining students' attitude toward biology. It consisted of 10 questions, 

and application of the Cronbach's Alpha formula yielded an estimate of .71. 

Ajewole (1991) in Nigeria developed the Scientific Attitude Questionnaire for his 

study of high school biology students. It consisted of 40 Likert questions with a 

Cronbach's Alpha reliability of .79. Seven questions measured student perceptions 

of ownership, enjoyment, and learning of the science activities. The remaining item 

was designed to obtain information on student attitude toward science class. 

Germann (1988) developed the Attitude Toward Science in School Assessment. It 
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consisted of 14 Likert scale measurements and had a Cronbach's Alpha reliability of 

.93. 

Likert scales developed by researchers other than authors of studies. Between 

1986 and 1989, British Columbia instituted a science-technology-society curriculum. 

Ebenezer and Zoller (1993) utilized an existing instrument called The British 

Columbia Science Assessment Instrument to study the change in baseline attitudes of 

tenth grade students. This instrument consisted of three parts. Part two, which 

tested attitude toward science, consisted of seven Likert questions. Although 

Ebenezer and Zoller (1993) stipulated reliabilities in the literature for parts one and 

three, they did not include the reliability for part two, which tested attitude. 

Finson and Enochs (1987) used The Scientific Attitude Inventory to study the 

attitudes in elementary students toward science-technology-society after visiting a 

science-technology museum. Moore and Sutman developed this 60-item Likert scale 

in 1970. Since this instrument consisted of several subscales, Finson and Enochs 

only utilized the two subscales which dealt with science-technology-society. They 

used the KR-21 formula to determine the reliability for these subscales and found it 

to be .82. 

To study students' attitudes towards laboratory work, Okebukola (1985) used 

an instrument called the Attitude to Laboratory Work Scale (ALWS). Hofstein, Ben-

Zvi, and Samuel initially developed this instrument in 1976 to detect attitude changes 

in ten categories associated with chemistry laboratory work. Okebukola modified all 

the references to the chemistry laboratory in the items to read "biology laboratory" 
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(Okebukola, 1985, p. 223). This 62-item Likert scale had a Cronbach Alpha 

reliability of .79. 

Achievement 

Correlating achievement with attitude. Just as researchers have studied the 

correlation between attitude and behavior (Shrigley, 1990; Myers, 1987; Zanna & 

Fazio, 1982; Cooper & Croyle, 1984), many educators have sought to determine the 

relationship between achievement and attitude. Willson (1983) gathered data and 

concluded that improved achievement would cause positive attitudes in students. In 

contrast, other educators have believed attitude affects achievements (Germann, 

1988; Napier & Riley, 1985; Schibeci & Riley, 1986; Gooding, Swift, J., Schell, 

Swift, P., & McCroskery, 1990). 

Paul Germann (1988) studied the relationship between attitude and 

achievement in biology students. To find this relationship, he devised the Attitude 

Toward Science in School Assessment (ATSSA). His 14-item Likert scale has a 

Cronbach's Alpha reliability of .93. To study achievement, Germann utilized several 

tests. They included the Test of Formal Operation, the Biology Content Pretest, the 

Process of Biology Investigations Test, the Test of Integrated Process Skills, and lab 

scores. Germann (1988) found a low correlation between attitude and various 

achievement tests. On the other hand, Germann found a moderate correlation 

between attitude and achievement that included an evaluation of the quality of work, 

as in a course grade (p. 689). The fact that the correlation between attitude and 
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teacher-determined course grade was moderate compares positively with the results 

of the Cannon and Simpson (1985) study. The participating classroom teachers with 

Cannon and Simpson also wrote a summative content test to determine science 

achievement. 

Napier and Riley (1985) and Schibeci and Riley (1986) analyzed the data 

collected from the 1976-1977 National Assessment of Educational Progress survey. 

They determined correlations between various characteristics, including attitude and 

achievement. They used this nonexperimental data to determine the influence of sex, 

race, home environment, amount of homework, and parents' education on students' 

perceptions of science instruction, student attitudes, and student achievement. Using 

stepwise multiple regression procedures, motivation, anxiety, student choice, and 

teacher support accounted for the majority of the correlation between the ten affective 

determinants and achievement. Napier and Riley concluded that achievement could 

be improved by implementing four suggestions in their classroom. First, teachers 

should encourage students to do extra curricular work such as attending science 

lectures and reading science articles. Second, the teacher should establish a 

comfortable atmosphere for learning. Third, the teacher should avoid giving too 

much latitude to choose a topic for the class and when to take a test. Fourth, 

teachers should encourage students to state opinions, to be creative and acknowledge 

s/he does not know everything. 

By using the same nonexperimental data as Napier and Riley (1985), Schibeci 

and Riley (1986) concluded that sex, race, and home environment have substantial 
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influence on achievement in science. They, therefore, supported the model that 

attitude influences achievement. "The initial model, derived from the research 

hypothesis, was refined until a final model was generated which best fit the data; chi 

square (56) = 78.95 (pi = 0.02)" (p. 181). Students with a strong positive 

perception of the instruction they receive will affect attitude. Attitude, in turn, will 

have a positive affect on achievement. 

Gooding, Swift, J., Schell, Swift, P., and McCroskery (1990) came to similar 

conclusions as Talton and Simpson (1987). Gooding et al. (1990) implemented wait 

time and peer coaching in their study, while Talton and Simpson (1987) studied the 

effects of classroom environment on attitude and achievement. While these types of 

interventions changed the classroom interactions and the students' perceptions of 

science, they had minimal effect upon the criterion variables of achievement. 

Shock (1973) conducted one of the studies included in the synthesis by 

Steinkamp and Maehr (1983). Exactly 206 boys and 177 girls took part in this study 

to determine the correlation between achievement and attitude. After analyzing the 

data from the Nelson Biology Test, Shock found that the boys had a + .28 

correlation, while the girls had a +.20 correlation between achievement and attitude. 

Gender patterns in achievement and attitude. Levin, Sabar, and Libman 

(1991) studied achievement and attitudinal patterns based on gender differences. A 

sample of 1,934 ninth grade students participated in the study. The researchers used 

data from the 1983-84 Israeli IEA (International Association for the Evaluation of 

Education Achievement) science study. Their affective instrument included four 
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attitude measurements, three perceptual measurements, and three motivational 

measurements. Besides the affective instrument, all the students took a science 

achievement test which dealt with various subject areas: earth sciences, biology, 

chemistry, and physics. The predictive model using attitude measurements for boys 

accounted for twice the variance in achievement compared to the model for girls 

(p. 325). 

Correlational research between affect, ability, and science achievement was 

synthesized by Steinkamp and Maehr (1983). Although they synthesized studies in 

chemistry, ecology, physics, geology, and general science, they also included a few 

studies in the field of biology. The studies dated between 1973 and 1981. Doran 

and Sellers (1978), Raven and Adrian (1978) and Marek (1981) found small but 

positive correlations between gender and achievement. By analyzing all the different 

studies, Steinkamp and Maehr (1983) concluded that boys achieved slightly better 

than girls in science, and they tended to possess slightly more cognitive ability. 

Doran and Sellers (1978) studied 320 biology students and found a +.11 

correlation between gender and achievement. After the study sample took the Nelson 

Biology Test, Doran and Sellers calculated the reliability for the test to be .90. 

Raven and Adrian (1978) studied 113 biology students by using the Sequential Test 

of Educational Progress (STEP) Science and found a +.23 correlation. This test had 

a reliability of .87. Marek (1981) used 55 biology students to study the correlation 

between gender and achievement as well as between gender and cognitive ability. 

Students were tested with questions from Biological Science Curriculum Study. 
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Marek found a +.09 correlation between gender and achievement. The test 

questions had a reliability of .73. He also found a -.05 correlation between gender 

and cognitive ability. Marek used Explanation in Biology from Inhelder and Piaget 

as the instrument for this section of the study. The instrument had a reliability of 

.80. 

Attitude and achievement as dependent variables in biology. Saunders and 

Young (1985) also studied attitude and achievement as separate dependent variables 

in the biology classroom. They implemented an experimental study to determine the 

effect of the presence or absence of living visual aids in high school biology 

classrooms upon attitude toward science and biology achievement. Students took the 

Nelson Biology Test (Revised Edition, 1965) to test for achievement. Its reliability 

equaled .92 as determined by the Kuder-Richardson method. The Biology Student 

Behavior Inventory tested curiosity, openness, satisfaction and responsibility. Each 

subscale had a reliability of .67, .68, .71, and .37 respectively. Steiner developed 

this instrument in 1970, and its reliability was determined by the split-half method. 

"After adjustment for pretest differences, experimental group students outperformed 

control group students on both dependent variables. In fact, their increase in attitude 

was significant at the .001 level while their achievement was significant at the .05 

level" (Saunders & Young, 1985, p.627). 

Achievement in biology. Many educational researchers have directed their 

efforts toward studying the effects on biology achievement of various instructional 

strategies or testing (Collins, 1984; Jegede, Alaiyemola, & Okebukola, 1990; 
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Saunders & Young, 1985; Rubin & Tamir, 1988; Gooding, Swift, J., Schell, Swift, 

P., and McCroskery, 1990). Gooding et al. (1990) indicated only minimal effect on 

achievement when altering wait time and providing supportive interaction. Links to 

the achievement test were, unfortunately, too small to interpret for these two 

variables. 

On the other hand, researchers were able to detect significant differences 

when using other forms of treatment. Students exposed to living visual aids 

(Saunders & Young, 1985), concept mapping (Jegede, Alaiyemola, & Okebukola, 

1990) and advanced organizers (Heinze-Fry, Crovello, & Novak, 1984; Rubin & 

Tamir, 1988) tested at levels indicating significant differences in their experimental 

groups. Saunders and Young (1985) simply allowed the experimental group to have 

living displays in the classroom while the teacher taught the control group in an 

environment without living displays. An analysis of covariance on the Nelson 

Biology Achievement Test with pretest scores as covariates gave the following 

results: X = 17.25; F = 23.8, j> < 0.05. A total of 111 biology students 

participated in this study. 

Jegede et al. (1990) designed their research to determine the effect of concept 

mapping on students' achievement in biology. With 51 biology students involved in 

this study, researchers assessed achievement by using an achievement test compiled 

from past West African Examinations' Council assessment examination papers. 

Researchers conducted a 2 x 2 analysis of variance and found the control to have X 

= 36.91, while the experimental group had X = 52.69; F = 10.16, £ < 0.001. 
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Rubin and Tamir also found significant differences in science achievement by 

testing the effectiveness of advance organizers in school laboratories. These 

advanced organizers were based on students' daily experiences and interests. For 

this study, ninth grade students served as the sample. "The advance organizer 

students (N = 135) performed significantly better than the control (N = 72) on the 

practical lab test (X = 31.8, and 28.6, respectively; F = 14.8, p < 0.001)" (Rubin 

& Tamir, 1988, p. 481). 

Heinze-Fry, Crovello, and Novak (1984) also believed integrating Ausubelian 

learning theory with educational computing could provide possible benefits. Heinze-

Fry et al. (1984) detailed four steps to enhance biology students' achievement. In 

step one, the computer provides basic concepts. In step two, students are allowed to 

build their own concept map. Students are then allowed to apply the scientific 

method during simulations in step three. Finally, students vee-map the data collected 

from the simulation. They compare their results with those of the experts and try 

other simulations if necessary. Such programs challenged computer designers and 

also excited students (Heinze-Fry et al., 1984). 

Many researchers have correlated student achievement with different forms of 

teaching strategies and interventions (Gooding et al., 1990; Jegede et al., 1990; 

Rubin & Tamir, 1988; Saunders & Young, 1985). Simpson and Marek (1988), 

however, concluded that understanding and attaining concepts are functions of school 

size. Fifty students from three large high schools, as well as fifty students from four 

small high schools participated in this study. A large high school was defined as one 
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with an enrollment greater than 900. A small high school had 150 students or less. 

Biology teachers in the study taught four main concepts: diffusion, homeostasis, 

classification, and food production. By using Pearson chi-square analysis on Concept 

Evaluation Statements, Simpson and Marek found some interesting results. The 

differences between the large and small school samples at each level of understanding 

were significant (2 < 0.05) for the concepts of diffusion and homeostasis, but not 

for the concepts of classification and food production. 

Jegede, Alaiyemola, and Okebukola (1990) tested the effects of concept 

mapping on students' anxiety and achievement in biology. A total of 51 students 

participated (30 boys and 21 girls). Two instruments were used: the Zuckerman 

Affect Adjective Checklist and the Biology Achievement Test. The Zuckerman test 

had a Kuder-Richardson 20 reliability coefficient of .83. The biology achievement 

test was developed from past West African Examinations' Council assessment exam 

papers. The Spearman-Brown corrected split-half reliability coefficient for this test 

was found to be .91 for this study sample. The results showed a tendency for the 

concept mapping to reduce student anxiety and increase achievement. Statistically, 

Jegede et al. (1990) calculated F = 10.16, p < 0.001. The authors, however, made 

some cautionary notes on the validity of this study. "First, the small, one-sample 

design of this study and secondly, the probable effects of the confounding variables 

usually associated with study designs of this nature jeopardize external validity" 

(Jegede et al., 1990, p. 957). 
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At the Memorial University of Newfoundland, Canada, 105 biology students 

scored better on written tests after taking computerized tests. The 105 students in the 

control group only took the written test (Collins, 1984). The experimental group 

took weekly tests over eight of the ten modules covered in this course. These 

computerized tests served as tutorials, providing feedback and corrective information. 

All the students then took the written test in class. The contrast group scored 2% to 

18% higher than the control on six of the seven tests. On the midterm exam, the 

contrast group also scored higher. Their mean was 64%, while other biology 

sections only averaged 58%. On the final exam, the experimental sections averaged 

57.4%, while the control sections averaged 51.1% (Collins, 1984). 

Confidence Scales in Content Areas 

Educators have made great strides in measuring attitude and achievement in 

science classrooms. In reviewing the literature, however, only a few studies included 

the terms confidence or self-confidence. It was one of the 15 subscales in the 

National Assessment of Educational Progress instrument. Schibeci and Riley (1986) 

used this instrument to determine the influence of students' backgrounds and 

perceptions on science attitudes and achievement. Haladyna, Olsen, and 

Shaughnessy (1983) used self-confidence as one of the 37 predictor variables for 

attitude and achievement. In both of these studies, the researchers did not discuss 

confidence by itself. They discussed confidence together with all the other subscales 

that made up the instrument. In addition, Fennema and Sherman (1976) developed 
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an instrument that has been adapted for research in both science and math 

classrooms. 

Summary 

The studies cited in this chapter yielded mixed results. As the use of video 

disc technology is increased in classrooms, added research will help to describe its 

effects on students in biology as well as in other areas. Biology is a form of science 

that lends itself to the use of video disc technology. The study to be presented is one 

attempt to use video disc level III directed instruction to improve the biology 

achievement, confidence, and attitudes of high school biology students. 



CHAPTER 3 

METHODOLOGY 

Introduction 

To test the hypotheses for this research project, it was necessary to provide 

comparative data on the achievement, attitude, and confidence of high school biology 

students. This chapter includes descriptions of the methods, techniques, and 

instruments used in collecting data. The researcher also discusses the selection of the 

population for the study. 

Selection of the Population 

The subjects of this research project were Biology I students from a high 

school in a large suburban school district in north Texas. The entire project took 

place during the spring semester of 1993. The subjects were students who had never 

taken Biology I before. These students received Biology I instruction from one of 

three teachers involved in the research. The subjects in two of the teachers' classes 

served as the control group. The subjects from the third teacher's classes served as 

the experimental group. For data analysis purposes, the researcher matched 70 

subjects in the experimental group with 70 subjects in the control group according to 

achievement pretest scores. 
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Instruments 

Subjects took four different instruments to collect data for this study. The 

first was an achievement test; two instruments were questionnaires and the last one 

was a survey given only to the experimental group. They included (a) the Biology 

Achievement Test, (b) the Purdue Master Attitude Scale, (c) the Confidence in 

Learning Inventory, and (d) the Technology Preference Survey. 

The Biology Achievement Test. The College Entrance Examination Board 

developed this version of the Biology Achievement Test, Form K-3JAC2, in 1988. 

This company is also responsible for the widely accepted college entrance exam 

known as the SAT, Scholastic Aptitude Test. The Biology Achievement Test was 

just one of many subject achievement tests available in the sciences, English, 

mathematics, foreign languages, and history. It consisted of 95 questions. This 

multiple-choice test measured the skills of comprehension, application, analysis, 

synthesis, and evaluation that have been acquired for using knowledge of biology. It 

covered various topics: cellular structure and function, organismal reproduction, 

development, growth, nutrition, structure, function, genetics, evolution, systematics, 

ecology, behavior, experimental data interpretation, laboratory techniques, and 

biology history (Sweetland & Keyser, 1983). A development committee made up of 

various faculty and secondary school teachers wrote questions for the test. They 

evaluated each question for accuracy and appropriateness, suggesting revisions as 

necessary. After a review was completed, ETS subject matter specialists evaluated 

the overall integrity and suitability of the test as a measure of the subject and made 
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further revisions. This draft was sent back to the development committee for final 

approval (College Entrance Examination Board, 1990). 

Students in the control group and the experimental group took this 60 minute 

test at the beginning of the semester and at the end of the semester under conditions 

as specified in the test manual. Since the research period only covered one semester, 

the researcher and biology teachers of both groups analyzed all the questions in the 

test. Only those questions associated with topics covered that semester were scored 

and used for data analysis. Of the 95 questions in the entire achievement test, 49 

questions dealt with the topics covered by the teachers during the research period. 

Purdue Master Attitude Scale. Remmers (1960) developed an attitude test to 

measure attitude toward any school subject. The researcher adapted it to test 

students' attitudes toward biology. It consisted of a 17-item Thurstone-type scale in 

which students selected those statements with which they agreed. Each statement in 

the scale became less positive, then neutral, and finally negative. Validity and 

reliability have been established in the manual that accompanied the Purdue Master 

Attitude Scale. This scale has shown validity against Thurstone's specific scales with 

which they showed almost perfect correlations. It has also shown almost perfectly 

inverse correlation among attitudes that differ. 

Biology I students participating in the study took this test at the beginning of 

the semester and at the end of the semester. The researcher then compared the 

differences between the experimental group and the control group in their attitude 

toward biology after completing the semester. 
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Confidence in Learning Scale. Fennema and Sherman (1976) developed this 

instrument to measure confidence in one's ability to learn and perform well in 

mathematics; it has also been used in previous research studies concerning 

computer-based instruction (Wohlgehagen, 1992). Modifications made to this 

instrument measured confidence in one's ability to learn and perform well in biology. 

It was a 12-item Likert scale format. The dimension ranged from definite confidence 

to distinct lack of confidence. The instrument consisted of six positive statements 

and six negative statements. On the instrument, a 5 indicated strongly agree, and a I 

indicated strongly disagree. This version had an Alpha-Cronbach reliability of .929. 

Subjects in the control group and the experimental group completed this instrument at 

the beginning and at the end of the semester. 

Technology Preference Survey. Subjects in the experimental group were the 

only ones who took this nine-item Likert-type instrument at the end of the semester. 

It was based on the Student Attitude Questionnaire used in the evaluation report of 

the TLTG courseware. Similar portions of the Student Attitude Questionnaire have 

also been used to study student perceptions of interactive video (Speers, 1991). Only 

nine positive statements extracted from the Student Attitude Questionnaire comprised 

the Technology Preference Survey for this study. On the instrument, a 5 indicated 

strongly agree, and a i indicated strongly disagree. It had an Alpha-Cronbach 

reliability of .9138. 
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Research Design and Treatment 

Teachers holding either a biology teaching certification or a science composite 

teaching certificate from the state of Texas taught all the students participating in the 

study. Those three teachers were all female. Each teacher also had a minimum of 

six years teaching experience. The entire project took place during the spring 

semester of 1993. All three teachers followed the same topical outline and timeline 

throughout the semester (see Table 1). This assured that each teacher spent the same 

amount of time on each topic. The researcher and teachers finalized the scope and 

sequence after three meetings held before the beginning of the project. The 

researcher and teachers also held formal meetings each month during the research 

period to discuss any problems or situations. Further, the researcher and individual 

teachers held informal meetings on a weekly and sometimes daily basis as needed. 

All subjects involved used the state-adopted textbook, Modern Biology, 

published by Merrill Publishing Corporation. While the subjects in the control group 

received traditional lecture style instruction, the subjects in the experimental group 

received level III video disc instruction in biology throughout each day of the 

semester. The teacher of the experimental group developed daily lessons by 

interacting the video disc player with the aid of the computer. The teacher could 

drive the lessons themselves by using the computer, a handheld remote control, or a 

barcode scanner. Daily lessons included still frames and small movie clips found on 

the video disc. 



Table 1 

Scope and Sequence 
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Fourth Six Weeks 

Animals Invertebrates 

Vertebrates 

Fifth Six Weeks 

Human Systems 

Sixth Six Weeks 

Plants 

5 days Simple Animals 

8-10 days Worms/Mollusks 

5 days Arthropods 

2 days Echinoderms 

4 days Fish/Amphibians 

2 days Reptiles/Birds 

2 days Mammalia 

4 days Bones/Skin/Muscle 

8 days Digestive 

13 days Respiratory/Circulatory/Excretory 

5 days Nervous/Endocrine 

5 days Plant Structure 

5 days Simple Plants 

5 days Seed Plants/Gymnosperms 

2 days Flowering Plants/ Angiosperms 

5 days Review, Final Exam 
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The teachers of the control group taught the same information without the aid 

of the video disc. The software utilized in the experimental group was the eight 

video disc set entitled "The Living Textbook" developed by Optical Data 

Corporation. It allowed students and teachers to view and analyze biological changes 

through its library of stills and film footage. Material was searched, assembled, and 

presented by the teacher. Some pre-assembled nonlinear interactive lessons were 

also part of the video disc package (Eiser, 1992). 

All the subjects took various tests for analysis of achievement, attitude, and 

confidence in a pretest/posttest format. The Biology Achievement Test measured the 

subjects' achievement in biology. The Purdue Master Attitude Scale measured their 

attitude towards biology. The Confidence in Learning Inventory measured their 

confidence in biology. Subjects of the experimental group only took the Technology 

Preference Scale at the end of the semester. It measured their preference in learning 

biology when using the video disc presentations. 



CHAPTER 4 

PRESENTATION AND ANALYSIS OF DATA 

Chapter 4 presents and analyzes the data obtained from the responses to the 

instruments described in Chapter 3. This chapter will also serve to test the 

hypotheses stated in Chapter 1. As video disc technology has been introduced into 

the high school biology classroom, it has been of interest to see how it affected 

student achievement, attitude, and confidence. The researcher therefore made the 

following analyses: 

1. Data were analyzed to determine whether a significant difference in the 

level of achievement existed between those students whose teacher utilized level III 

video disc instruction throughout the semester and those students whose teacher used 

no video disc instruction (Hl0). 

2. Data were analyzed to determine whether a significant difference in the 

level of attitude toward biology existed between those students whose teacher utilized 

level III video disc instruction throughout the semester, and those students whose 

teacher used no video disc instruction (H20). 

3. Data were analyzed to determine whether a significant difference in the 

level of confidence existed between those students whose teacher utilized level in 

video disc instruction throughout the semester and those students whose teacher used 

video disc instruction (H30). 
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To establish preliminary conditions for the research, it was necessary to give 

each student in both the experimental group and the control group a pretest. Three 

different pretests were used to determine existing levels of achievement, attitude, and 

confidence (individually) prior to the treatment to the experimental group. The 

Biology Achievement Test served as a pretest and posttest to help determine 

differences in achievement. The Purdue Master Attitude Scale was given as a pretest 

and a posttest to help analyze differences in attitude toward biology. Subjects took 

the Confidence in Learning Scale twice~as both a pretest and a posttest to analyze 

differences in student confidence toward biology. 

The students utilized in the study were matched upon pretest scores of the 

biology achievement tests. From Table 2, it can be seen that within these matched 

pairs, there was no significant difference between the experimental group and the 

control group on any of the three pretest variables: achievement, attitude, or 

confidence. Although the data from exactly 70 students were utilized for the 

achievement analysis, Table 2 indicated that an equal number of students were not 

evaluated on attitude and confidence. These two tests were given on a different day 

than the achievement test, and this discrepancy was beyond the teachers' control. 
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Table 2 

t-tests For Control and Experimental Groups on Pretest Scores 

Variable Cases Mean St. Dev. Probability 

Achievement 

Control 70 15.37 4.531 .860 

Experimental 70 15.27 4.628 

Attitude 

Control 66 7.23 1.670 .066 

Experimental 69 7.29 1.322 

Confidence 

Control 64 40.83 8.990 .363 

Experimental 69 40.12 10.070 

Conclusions on Comparing the Two Student Groups 

The analyses from this series of performed t-tests consequently showed that 

the students used for further analysis had similar levels of achievement, attitude, and 

confidence. They did not differ significantly from each other on pre-treatment 

administration of the Biology Achievement Test, the Purdue Master Attitude Scale, 

and the Confidence in Learning Scale. 
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Student Analyses 

Upon completing the semester, subjects in both groups were given a posttest 

using the same instruments as the pretests. This allowed post-treatment differences 

in achievement, attitude, and confidence to be calculated. The analysis of 

achievement was considered first, followed by the analysis of attitude and 

confidence. 

Hypothesis One 

Hypothesis One stated that the mean score on the Biology Achievement Test 

of subjects whose teachers utilized level in video disc instruction would not differ 

significantly from the mean score of those students whose biology teacher did not use 

video disc instruction. The hypothesis was tested using ANCOVA. The pretest 

score on the achievement test was the covariate, while the posttest score on the 

achievement test was the dependent variable. The adjusted mean and the standard 

deviation are presented in Table 3. The results of the ANCOVA are also presented 

in Table 3. ANCOVA was designed to test the significance of the difference of the 

adjusted means between the experimental and control groups. The adjusted mean on 

the achievement scores between both groups calculated a p = .212 as shown in Table 

3. Since this exceeds a .05 level of significance, there was not a significant 

difference between the adjusted mean achievement scores of both groups. These 

results, therefore, support the acceptance of hypothesis one. 
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Table 3 

Comparison of Student Achievement After Treatment Analysis of Covariance 

(ANCOVA) 

Adj. Std. F 

Criteria N Mean Dev. Ratio Probability 

Control 70 19.66 7.10 

Experi mental 70 20.87 6.41 1.57 .212 

Hypothesis Two 

Hypothesis Two stated that there would be no significant difference on the 

Purdue Master Attitude Scale between subjects whose biology teacher did not use 

video disc instruction and those subjects who did use the video disc technology. This 

hypothesis was also tested using ANCOVA. The pretest score on the Purdue Master 

Attitude Scale served as the covariate. The posttest score on this same scale was 

used as the dependent variable. The adjusted mean and the standard deviation are 

presented in Table 4, which also provides the results of the ANCOVA. An 

ANCOVA tests the significance of the difference of the adjusted means between the 

experimental and control groups. The adjusted mean on the attitude scores between 

both groups calculated a g = .489 as shown in Table 4. Since this exceeds a .05 

level of significance, there was not a significant difference between the adjusted 
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mean attitude scores of both groups. These results, therefore, support the acceptance 

of Hypothesis Two. 

Table 4 

Comparison of Student Attitude After Treatment Analysis of Covariance fANCOVAl 

Adj. Std. F 

Criteria N Mean Dev. Ratio Probability 

Control 66 7.56 1.43 

Experimental 69 7.42 1.54 .48 .489 

Hypothesis Three 

Hypothesis Three stated that the mean score of the Confidence in Learning 

Scale given to regular biology students whose teacher utilized level III video disc 

instruction would not differ significantly from the mean score of the students whose 

teachers did not use video disc instruction. Similar to the first two hypotheses, 

Hypothesis Three was tested using ANCOVA. The pretest score on the Confidence 

in Learning Scale served as the covariate, while the posttest on the same scale served 

as the dependent variable. Table 5 presents the adjusted mean and the standard 

deviation, as well as the results of the ANCOVA. ANCOVA tested the significance 

of the difference of the adjusted means between the experimental and control groups. 

The adjusted means on the confidence scores between both groups calculated a 
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E = .277 as shown in Table 5. Since this exceeds a .05 level of significance, there 

was not a significant difference between the adjusted mean confidence scores of both 

groups. These results, therefore, support the acceptance of hypothesis three. 

Table 5 

Comparison of Student Confidence After Treatment Analysis of Covariance 

(ANCOVA1 

Adj. Std. F 

Criteria N Mean Dev. Ratio Probability 

Control 64 42.26 9.53 

Experimental 69 43.65 8.46 1.19 .277 

Correlational Analyses 

Pearson correlation coefficients were also calculated between the three 

different variables being studied: achievement, attitude, and confidence. These 

correlations were calculated within the control group and the experimental group 

separately. These two groups were then collapsed into one large group, and 

correlation coefficients calculated between the three different variables. Therefore, 

correlation coefficients calculated include those between achievement and confidence, 

achievement and attitude, and lastly between confidence and attitude. 
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Correlation of variables for the control and experimental groups. The control 

and experimental groups showed positive correlations of varying degrees between the 

three variables. On the basis of the data collected, these correlations helped to serve 

a descriptive purpose, not necessarily a causal purpose. Both groups had high 

correlations (p < .01) between achievement and confidence as shown in Table 6. 

The control group had a correlation between achievement and attitude significant only 

at the .05 level for the control group. As presented in Table 6, the correlation 

between confidence and attitude was at a greater level of significance for the 

experimental group (g < .01) than the control group (j> < .05). 

Table 6 

Comparison of Pearson Correlation Coefficients Between Groups 

Correlations Control Experimental 

Achievement vs Confidence .4201** .4161** 

Achievement vs Attitude .2491* .1259 

Confidence vs Attitude .4235* .3363** 

* Significant at the 0.05 Level 

** Significant at the 0.01 Level 
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Pearson correlations for collapsed sample groups. When the experimental and 

control sample groups were collapsed into one group, Pearson correlation coefficients 

were calculated between achievement, attitude, and confidence. Table 7 presents all 

three correlations and their coefficients. A correlation between achievement and 

attitude was found to be significant at the .05 level. The correlation between 

achievement and confidence was found to be significant at the .01 level. The 

correlation between confidence and attitude was also found to be significant at the 

.01 level as shown in Table 7. 

Table 7 

Pearson Correlations for Collapsed Sample Groups 

Correlations Collapsed Sample Groups 

Achievement vs Confidence .4213** 

Achievement vs Attitude . 1800* 

Confidence vs Attitude .3754** 

* Significant at the .05 Level 

** Significant at the .01 Level 



57 

Technology Preference Survey 

All the subjects in the experimental group completed the Technology 

Preference Survey at the end of the semester. This survey helped to understand the 

students like or dislike for video disc technology. Table 8 presents the results of this 

Likert-type scale and lists the questions upon which the responses were based. A 

total of 76% of the students at least agreed that the video disc presentations helped 

them learn. A total of 76% of the students polled also agreed that they liked learning 

biology using the video disc, and it helped them pay attention. 

Table 8 

Technology Preference Survey and Results 

Item 

Strongly 

Disagree Disagree Neutral Agree 

Strongly 

Agree 

1 4% 8% 25% 47% 15% 

2 1% 7% 15% 53% 23% 

3 6% 0% 18% 49% 27% 

4 10% 13% 29% 36% 12% 

5 3% 2% 20% 44% 31% 

6 1% 3% 26% 45% 25% 

(table continues') 
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Item 

Strongly 

Disagree Disagree Neutral Agree 

Strongly 

Agree 

7 3% 6% 24% 49% 17% 

8 8% 4% 20% 38% 30% 

9 5% 4% 19% 41% 30% 

1. The information presented to me in this course was clear to me. 

2. The video disc presentations my teacher made to the whole class helped me 

learn. 

3. As a whole, I liked learning about biology using the video disc. 

4. The information in this unit was easy to learn. 

5. I think video discs will improve high school courses in the future. 

6. I think other students will enjoy learning about biology using the video discs. 

7. The video disc presentations helped me to pay attention. 

8. I would rather use the video disc to learn biology. 

9. If I could, I would take other courses using the video disc. 

Several of the questions have ramifications for the use of video disc 

technology in other classes. A total of 75% of the subjects at least agreed that video 

disc technology would improve high school courses in the future. At least 70% of 

the subjects agreed that other students would enjoy learning about biology using the 
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video discs. Even greater implications can be formulated since 71% of the students 

at least agreed that they would prefer to take other courses using the video disc if 

they could. 



CHAPTER 5 

SUMMARY 

The general purpose of this study was to investigate the effects of level in 

video disc instruction on the achievement, attitude, and confidence of high school 

biology students. A total of 180 students took three pretests at the beginning of the 

spring semester of 1993. Of the 90 subjects in the experimental group, only 70 

subjects were able to be matched with 70 other subjects of the control group based 

on their pretest achievement scores. The researcher then compared these results to 

their posttest scores for further analysis. 

During the semester, the teacher of the students in the experimental group 

taught biological topics by using computer-aided video disc level HI instruction. 

Topics covered included invertebrates, vertebrates, human systems, and plants. The 

two teachers in the control group, however, used traditional teaching methods that 

did not include the video disc. 

All subjects took three posttests: the Biology Achievement Test, the Purdue 

Master Attitude Scale, and the Confidence in Learning Scale. The subjects in the 

experimental group also took the Technology Preference Scale. Data collected from 

the beginning and end of the semester formed the basis for the analysis of the 

hypotheses. 
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Summary of Findings 

Achievement, attitude towards biology, and confidence scores of the control 

and experimental groups were compared following the treatment. Correlational 

analyses among these three variables were also calculated for both groups. In 

addition, a separate analysis was made of the scores collected from the experimental 

group to determine their preference to the technology used. Analysis of covariance 

(ANCOVA) was used to analyze achievement, attitude towards biology, and 

confidence for the groups. In the ANCOVA, pretest scores served as the covariant, 

while the posttest scores served as the dependent variable. The fmdings resulting 

from the analysis of the statistical data in this study were the following: 

1. No significant difference was found in the mean achievement scores of 

students taught with video disc instruction and students not taught with video disc 

instruction. 

2. No significant difference was found in the mean attitude toward biology 

scores of students taught with video disc instruction and students not taught with 

video disc instruction. 

3. No significant difference was found in the mean confidence scores of 

student taught with video disc instruction and students not taught with video disc 

instruction. 

4. In the experimental group, 70% of the students at least agreed with the 

use of level III video disc instruction in biology or in future courses. 
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5. A significant correlation at the .01 level was found in the control and 

experimental groups between achievement and confidence. 

6. A significant correlation at the .05 level was found in the control group 

between achievement and attitude. 

7. No significant correlation was found in the experimental group between 

achievement and attitude. 

8. A significant correlation at the .05 level was found in the control group 

between confidence and attitude. 

9. A significant correlation at the .01 level was found in the experimental 

group between confidence and attitude. 

10. A significant correlation at the .01 level was found in the collapsed 

sample groups between achievement and confidence. 

11. A significant correlation at the .05 level was found in the collapsed 

sample groups between achievement and attitude. 

12. A significant correlation at the .01 level was found in the collapsed 

sample groups between confidence and attitude. 

Conclusions 

Based on the findings, it is possible to conclude that level HI video disc 

instruction does not significantly improve achievement, attitude toward biology, or 

confidence within the restrictive context of this study. On the other hand, it may 

also be noted that level in video disc instruction does not adversely affect the 
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students' achievement, attitude toward biology, or confidence. Furthermore, students 

preferred to be taught with the assistance of level III video disc technology in biology 

and hoped it would be used in more classes. 

Implications 

Based on the results of the study and the review of literature, it may be 

possible to state various implications concerning the ability of technology to answer 

our many diversified educational problems. These implications consider the student, 

the teacher, inservice requirements, and software suppliers. 

Pearson correlations between achievement and confidence, as well as between 

confidence and attitude, among the students in the experimental group were highly 

significant. This study and other similar studies imply that students want to learn via 

this form of technology (Anthony, 1992; Petty & Young, 1992; Vitale & Romance, 

1992; Greenberg et al., 1990). As shown by the Technology Preference Survey, 

using video disc technology may help retain the interest of students in all science 

courses, not only biology. This might eventually translate into a greater level of 

academic success by American students when compared against students from other 

countries. 

By using level III video disc instruction, teachers enjoy access to a great deal 

of information. As teachers deliver this information using video disc technology, 

they can now show pictures and movie segments of biological phenomena never 

before seen by students (Bork, 1981). In order for teachers to fully utilize level m 
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video disc technology, however, teachers will need to attend several hours of staff 

development. Many teachers might be hesitant with this form of technology because 

they are uneasy in using it. This type of teacher anxiety could possibly be overcome 

with continuous staff development (Elliot, Ingersoll, & Smith, 1984). 

Learning how to use level III video disc technology will require staff 

development provided by knowledgeable people at the local district level. It will also 

require assistance from the software companies themselves. Software companies 

must provide some form of inservice training whenever a school district is 

considering a major software purchase from their company. School districts should 

not allow this technology to go without being used to its fullest extent, especially in 

light of its cost. 

Finally, schools must be willing to realize that funds for this technology do 

not always have to come by raising school district property taxes. Many companies 

and corporations are willing to form partnerships with schools providing them with 

hardware and/or software. It may be done as a gesture of benevolence towards 

economically disadvantaged communities, or it might serve as a project to study the 

effectiveness of their product (Wilson, 1992). Either way, avenues other than 

increasing taxes exist for schools. 

Recommendations for Further Research 

This study dealt specifically with the effects of level III video disc instruction 

on the achievement, attitude, and confidence levels of high school biology students. 
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From this study, various avenues for further research might be developed. They 

could include: 

1. One study might extend the period of this study to a full year of biology 

instruction. 

2. A second study might be a longitudinal study utilizing the same students 

throughout all of their high school science classes. Each of these science classes 

would provide instruction using level III video disc instruction. 

3. Another study might deal specifically with the concept of staff 

development when implementing this technology in all science classrooms. 

4. A fourth study might deal with the concept of student-authored level HI 

video disc lessons. Students could design a lesson. The other students would then 

be tested to see how much they learned from their peers' work. 

5. Last, another study could test the same hypotheses with a different target 

population. The researcher would track the change in attitude, achievement, and 

confidence of lower level students as defined by some alternate test required by the 

state. 
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December 8,1992 

Dear Parent/Guardian: 

I am writing to request your permission for your son/daughter to be 
included in a research study conducted through the University of North 
Texas, College of Education. The study, itself, concerns the use of laser 
video disc technology for additional instruction in the biology classroom. 
Those students taught using this form of enhancement will be contrasted 
to those taught by the traditional form of instruction. This study should 
last from January 4, 1993 through May 31, 1993. Since this study is 
merely instructional in nature, it will not pose any risk to your 
son/daughter. 

Through this project, we hope to promote an increased desire for 
science learning and produce greater academic achievement in your 
son/daughter's biology class. Assessment will be based on pre-tests and 
post-tests associated with achievement, attitude, and confidence 
concerning this form of instruction. Names will not be used on any of the 
reports generated through this study. Your decision whether or not to 
allow your child to participate will in no way affect your child's standing 
in his/her class. At the conclusion of the study, a summary of group 
results will be made available to any interested parents and teachers upon 
request. 

There will be a control group and a contrast group. Ms. Snell's class 
and Ms. Maines' classes will serve as the control group in which 
traditional lecture classes will continue. Mrs. Williams' biology classes 
will serve as the contrast group in which instruction will be enhanced 
through video disc technology. 

Should you have any questions, please feel free to contact me at the 
science office of the high school between 11:30 a.m. and 12:30 p.m. at 
477-5157. 

Sincerely, 

Mr. Fred Garza 
Please indicate whether or not you wish to have your child participate in 
this project, and returning this form to your child's biology teacher. 
I do grant permission for my child, to participate 
in this project. 
I do not grant permission for my child, to 
participate in this project. 

Parent/Guardian's Signature 
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Name of Student. 

Name of Teacher. 

Confidence in Learning Scale 

Instructions: After each statement, 
circle a number that corresponds closest 
to the way you feel. 

1 SD Strongly Disagree 
2 D Disagree 
3 N Neutral 
4 A Agree 
5 SA Strongly Agree 

SD D N A SA 
1. Generally, 1 have felt secure about attempting biology. 1 2 3 4 5 

2. 1 am sure 1 could do advanced work in biology. 1 2 3 4 5 

3. 1 am sure that 1 can learn biology. 1 2 3 4 5 

4. 1 think 1 could handle more difficult biology. 1 2 3 4 5 

5. 1 can get good grades in biology. 1 2 3 4 5 

6. 1 have a lot of self-confidence when it comes 1 2 3 4 5 
to biology. 

7. Cm no good In biology. 1 2 3 4 5 

8. I don't think I could do advanced biology. 1 2 3 4 5 

9. Tm not the type to do well in biology. 1 2 3 4 5 

10. For some reason even though I study, biology seems 1 2 3 4 5 
unusually hard for me. 

11. Most subjects I can handle O.K., but I have a knack for 1 2 3 4 5 
flubbing up biology. 

12. Biology has been my worst subject. 1 2 3 4 5 
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Name of Student. 

Name of Teacher. 

Technology Preference Survey 
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Instructions: After each statement, 
circle a number that corresponds closest 
to the way you feel. 

1 SO Strongly Disagree 
2 D Disagree 
3 N Neutral 
4 A Agree 
5 SA Strongly Agree 

1. The information presented to me in this course was 
clear to me. 

2. The video disc presentations my teacher made to 
the whole dass helped me learn. 

3. As a whole, I liked learning about biology using the 
video (fisc. 

4. The information in this unit was easy to leam. 

5. I think video discs will improve high school courses 
in the future. 

SD D N A SA 
1 2 3 4 5 

1 2 3 4 5 

1 2 3 4 5 

1 2 3 4 5 

1 2 3 4 5 

6. I think other students w i n enjoy learning about biology 1 2 3 4 5 
using the video discs. 

7. The video disc presentations helped me to pay attention. 1 2 3 4 5 

8. I would rather use the video disc to learn biology. 1 2 3 4 5 

9. If I could, I would take other courses using the 1 2 3 4 5 
video disc. 
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A SCALE TO MEASURE ATTITUDE TOWARD ANY SCHOOL SUBJECT 

F o r m A Edi ted by H. H. R e m m e r s 

T e a c h e r ' s Name Date . 

Name 

Age — 

.Sex (c i rc le one) M F 

. G r a d e . 
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Direc t ions : Following is a l i s t of s t a t emen t s about school sub jec t s . Put a plus sign 
(+) before each s t a tement with which you a g r e e about the sub jec t s l i s ted at the lef t of 
the s t a t emen t s . The p e r s o n in cha rge will te l l you the subjec t or sub jec t s to wr i te 
in at the head of the co lumns to the lef t of the s t a t e m e n t s . Your s c o r e will not a f fec t 
your grade in any c o u r s e . 

1. No m a t t e r what happens* th is subjec t a lways c o m e s f i r s t . 

2 . Th i s subjec t has an i r r e s i s t i b l e a t t r ac t i on for m e . 

3. Th is subjec t is p ro f i t ab le to everybody who takes i t . 

4. Any s tudent who t akes th is subjec t is bound to be benef i ted . 

5. Th i s subject is a good sub jec t . 

6. All l e s s o n s and a l l me thods used in th is subject a r e c l ea r 
and def in i te . 

7. I a m willing to spend my t ime studying this subjec t 

8. Th i s subjec t is a good p a s t i m e . 

9. I don ' t bel ieve this subjec t will do anybody any h a r m . 

10. I haven ' t any defini te l ike or d is l ike for th is sub jec t . • 

11. Th is subjec t will benef i t only the b r i gh t e r s tudents . 

12. My p a r e n t s never had th is subject* so I see no m e r i t in i t . 

13. I a m not i n t e r e s t e d in th is sub jec t . 
14. Th is subjec t r e m i n d s m e of S h a k e s p e a r e ' s play • -

"Much Ado About Nothing. " 
15. 1 would not adv i se anyone to take this sub jec t . 

16. Thi6 subjec t is a was te of t i m e . 

17. I look f o r w a r d to th is sub jec t with h o r r o r . 

Copyr ight , Purdue R e s e a r c h Foundation, 1960 
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Part A 

Directions: Etch of the questions or incomplete statements below is followed by five suggested answers or comple-
tions. Sclect the one that is best in each case and then fill in the corresponding oval on the answer sheet. 

©behavioral responses of animals are most directly 
regulated by which of the following systems? 

(A) Digestive and excretory 
(B) Endocrine and nervous 
(C) Muscular and integumentary 
(D) Reproductive and respiratory 
(E) Skeletal and circulatory 

2. The group of proteins called enzymes are those that 

(A) act primarily as electron donors 
(B) are small enough to pass through cell 

membranes 
(C) act primarily as structural units 
(D) are specific in their reactions with substrates 
(E) are most active at 4* C 

3. Which molecule is most abundant in living 
organisms? 

(A) Carbon dioxide 
(B) Water 
(C) Hemoglobin 
(D) Cholesterol 
(E) Glucose 

4. Typically, asexual reproduction results in 

(A) offspring with a In (haploid) chromosome 
number 

(B) offspring genetically different from the parent 
(C) offspring genetically identical to the parent 
(D) polyploid species 
(E) complete or incomplete metamorphosis 

5. Which of the following statements regarding evolu-
tion is FALSE ? 

(A) Chemical changes in gene makeup, called muta-
tions, sometimes produce new phenotypes. 

(B) The environment tends to favor or select some 
traits over others. 

(C) New combinations of genes are continually 
producing new phenotypes. 

(D) Sometimes new species are formed as a result of 
geographic isolation. 

(E) Individuals but not populations change over 
evolutionary time. 

©Arthropods that have wings include which of the 
following? 

I. Arachnid 
II. Insect 

III. Crustacean 

(A) I only 
(B) II only 
( Q I and III only 
(D) II and III only 
(E) I, II, and III 

© 7jFor the following vertebrates, which is the correct 
sequence of evolution? 

(A) Bony fish, reptiles, birds, amphibians 
(B) Amphibians, birds, bony fish, reptiles 
( Q Bony fish, birds, amphibians, reptiles 
(D) Reptiles, birds, bony fish, amphibians 
(E) Bony fish, amphibians, reptiles, birds 
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BIOLOGY TEST—Continued 

8. Ovulation is the process by which 

(A) sperm cells arc ejaculated 
(B) an ovule in a flower is penetrated by a pollen 

tube 
(C) an egg is implanted in the wall of the uterus 
(D) an egg discards its surrounding membranes 
(£) an egg is released from the ovary 

9. Glucose is normally stored in animal cells in the 
form of 
(A) glycogen 
(B) cellulose 
(C) cholesterol 
(D) monosaccharides 
(£) disaccharides 

10. Adenosine triphosphate (ATP) functions directly in 
all of the following EXCEPT 
(A) RNA synthesis 
(B) glycolysis 
(C) protein synthesis 
(D) the contractile process 
(E) osmosis 

© II) Which of the following is more primitive than 
a pine tree but more advanced than a moss? 

(A) A fungus (B) A fern ( Q A rose 
(D) A green alga (E) A cactus 

n2.Jln the development of the frog, which of the 
^--'following is the correct sequence following 

fertilization? 

(A) Cleavage, gastrula, larva, blastula 
(B) Cleavage, blastula, gastrula, larva 
(C) Cleavage, blastula, larva, gastrula 
(D) Blastula, cleavage, gastrula, larva 
(E) Blastula, larva, gastrula, cleavage 

UlSThe blue whale is the largest animal in the ocean. It 
—'feeds on very small, herbivorous crustaceans called 

krill. From this information, which of the following 
is the best conclusion that can be made concerning 
the position of the blue whale in this food chain? 

(A) It is the top consumer because it is the largest 
species present. 

(B) It is the bottom consumer because it requires so 
much bulk in its diet. 

(C) It is a secondary consumer because the krill that 
it devours is a primary consumer. 

(D) It is an omnivore because it must support itself. 
(E) It is a herbivore because there are not enough 

krill to support the huge populations of 
whales. 

H4J Which of the following organisms often function as 
decomposers in most forest ecosystems? 
(A) Cyanobacteria (blue-green algae) 
(B) Green plants 
( Q Vertebrates 
(D) Fungi 
(E) Protozoa 



77 

Circled questions indicate those used in data tabulation. 

BIOLOGY TEST—Continued 

15. Brown Male (I) * Black Female (!) Same Brown Male (I) * Black Female (II) 
I I 

„ (9 Black „ . [15 Black 
Offspring < Offspring < 

(8 Brown 1 0 Brown 

One brown male guinea pig was crossed with two black females as illustrated in the 
diagram above. Which of the following statements is most likely to be true? 

(A) All three parents were heterozygous. 
(B) All three parents were homozygous. 
(C) Female (I) is heterozygous. 
(D) All progeny of female II are homozygous. 
(£) All black guinea pigs are heterozygous. 

16. A major difference in the structures of pro-
teins, fats, and carbohydrates is that only 
proteins always contain 

(A) carbon (B) hydrogen (C) oxygen 
(D) sodium (E) nitrogen 

17. Salts can enter living cells by which of the following? 

I. Osmosis 
II. Diffusion 

III. Active transport 

(A) I only 
(B) II only 
(C) 1 and II only 
(D) II and III only 
(£) I, II, and III 

MSAThc principal function of thyroxine produced by the 
^ thyroid gland is to 

(A) stimulate the maturation of gametes 
(B) stimulate insulin production 
(C) stimulate general metabolism 
(D) promote sexual differentiation 
(£) inhibit growth 

ESE&BS^ 
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BIOLOGY TEST—Continued 

19. Cheetahs have been called the fastest animals on 
earth. They can achieve a burst of speed up to 
110 km/hr. According to Darwin's theory of evolu-
tion, what is the best explanation for how such a 
capability might have evolved? 

(A) Fast-running cheetahs were more likely to 
survive and reproduce than those that ran 
more slowly. 

(B) Fast-running cheetahs were more likely to 
maintain constant body temperature than 
those that ran more slowly. 

(C) The more cheetahs ran, the stronger and faster 
they became. 

(D) Cheetahs show a preference for prey that run 
fast. 

(E) Individual cheetahs learned to associate fast 
running with survival 

wO\Representatives of a family of organisms are less 
V-Zalike than are the members of a 

(A) genus (B) order (C) class 
(D) phylum (E) kingdom 

21. The gene for height in a plant is represented by T 
for tali and its recessive allele is represented by / for 
dwarf. A mating between parents of genotypes TT 
and // would produce offspring with which of the 
following phenotypes? 

(A) 100% tall 
(B) 75% tall, 25% dwarf 
(C) 50% tall, 50% dwarf 
(D) 25% tall, 75% dwarf 
(E) 100% dwarf 

of the following are adaptations that directly 
enable terrestrial plants to maintain water balance 
EXCEPT 

(A) waxy cuticle (B) xylem ( Q stomata 
(D) root hairs (E) chloroplasts 

^23^ Which of the following statements does NOT repre-
sent a water-conservation advantage of a burrow-
dwelling animal that inhabits the desert? 

(A) Burrowing animals dig their burrows rapidly 
when in danger. 

(B) Animals in burrows are less active than they 
would be outside the burrows. 

(C) Food carried into burrows is a source of 
moisture. 

(D) Due to body evaporation, humidity is higher 
inside the burrow than it is outside. 

(E) Temperatures in burrows are more constant 
than are temperatures on desert surfaces. 

24. During which of the following processes is the 
largest amount of chemical energy in glucose 
converted to the energy of chemical bonds 
in ATP ? 

(A) Aerobic respiration 
(B) Hydrolysis 
(C) Photosynthesis 
(D) Fermentation 
(E) The emulsification of fats 

25. Which of the following is thought to be responsible 
for the appearance of large amounts of oxygen gas 
in the Earth's atmosphere? 

(A) Protein synthesis 
(B) Nitrification 
(C) Photosynthesis 
(D) Chemosynthesis 
(E) Fermentation 

Q & When there are no limiting factors to restrain 
population growth, the population numbers are 
expected to 

(A) increase exponentially 
(B) increase at a constant rate 
(C) stabilize as the births equal the deaths 
(D) change unpredictably 
(E) decrease as a result of mutations 



79 

Circled questions indicate those used in data tabulation. 

BIOLOGY TEST—Continued 

(27A The plant tissue that is meristematic and con-
sequently produces new tissues during each 
growing season is the 

(A) xylem (B) phloem (C) cambium 
(D) cone* (E) epidermis 

U8y Liverworts and mosses are classified as belonging to 
which of the following phyla? 

(A) Tracheophyta 
(B) Mycophyta 
(C) Rhodophyta 
(D) Chlorophyta 
(E) Bryophyta 

29. In Drosophila, normal wing is dominant to wing-
less. In an experiment, a normal-winged male whose 
father was wingless was crossed with a wingless 
female. What percentage of the offspring would be 
expected to have normal wings? 

(A) 0% 
(B) 25% 
( Q 50% 
(D) 75% 
(E) 100% 

30. In humans, an egg develops into a male offspring 
if it 

(A) contains a Y chromosome and is fertilized by 
a sperm containing an X chromosome 

(B) contains a Y chromosome and is fertilized by 
a sperm containing a Y chromosome 

(C) contains an X chromosome and is fertilized by 
a sperm containing an X chromosome 

(D) contains an X chromosome and is fertilized by 
a sperm containing a Y chromosome 

(E) develops parthenogenetically 

ftlj In which of the following organisms is radial 
symmetry best illustrated? 

(A) Planarian 
(B) Jellyfish 
(C) Roundworm 
(D) Spider 
(E) Millipede 

© • [32J Mutualism is represented by all of the following 
^ examples EXCEPT 

(A) tapeworms in dogs 
(B) £ coli in humans 
(C) cellulose-fermenting bacteria in cows 
(D) root-nodule bacteria of beans 
(E) protozoa in termites 

33. Mitosis and meiosis are similar in that both 

(A) are preceded by the replication of DNA during 
interphase 

(B) require two successive cell divisions 
(C) involve the reduction of chromosome number 
(D) yield the same number of cells 
(E) occur in somatic cells 

© Which of the following structures secrete substanoes 
responsible for the development of secondary sex 
characteristics in a mammalian male? 

(A) Penis 
(B) Sperm ducts 
(C) Prostate gland 
(D) Testes 
(E) Ureters 

(3l)Stomata in plant leaves aid photosynthesis by 
enhancing the entrance of 

(A) H 30 
(B) 0 3 

(C) light 
(D) minerals in solution 
(E) C02 

(36 JActin and myosin are important proteins associated 
with the 

(A) synthesis of glycogen 
(B) polymerization of DNA 
(C) formation of lysosomes 
(D) production of hemoglobin 
(E) contraction of muscles 
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BIOLOGY TEST—Continued 

37. All of the following provide evidence for a common 
origin of life EXCEPT 

(A) species-specific traits and adaptations 
(B) genetic code for protein synthesis 
(C) ATP as cellular energy 
(D) the twenty amino acids that are used to make 

proteins 
(E) the cell, which is the basic unit of structure and 

function 

38. Which of the following men predicted that the 
increase in the human population would become a 
major problem? 

(A) Robert Koch 
(B) Thomas Malthus 
(C) Louis Pasteur 
(D) Walter Reed 
(E) Edward Jenner 

39. A meadow was studied for 25 years. In the first 
year, the land was grassy, and the grasshopper 
sparrow was the dominant bird. Twenty-five years 
later, the land was covered with shrubs. The grass-
hopper sparrow was no longer present, but cardinals 
and warblers were observed. These observations 
illustrate the process of 

(A) divergent evolution 
(B) spedaiion 
(€) predation 
(D) succession 
(E) migration 

40. Green plants that trap and digest insects grow well 
in certain volcanic clay soils. This evidence suggests 
that these green plants are adapted to compensate 
for soils that are likely to be deficient in 

(A) calcium carbonate 
(B) oxygen 
(C) soluble carbon 
(D) hydrogen sulfide 
(E) nitrogen 

41 Zebras and Thomson's gazelles can usually coexist 
in the same ecosystem because 

(A) they are different species 
(B) they do not occupy the same niche 
(C) their relationship is mutualistic 
(D) their populations arc controlled by immigration 
(E) they have different courtship patterns 

^ 2 ^ Features typical of flowering plants adapted to a 
desert environment include which of the following? 

I. A taproot system 
II. Leaves with thick cuticles 

III. Leaves reduced to spines 

(A) II only 
(B) HI only 
(C) I and II only 
(D) II and HI only 
(E) I, II, and III 

43. Which of the following correctly expresses the rela-
tionship between genes and the products that genes 
control? 

(A) RNA-*trail-»gene-»protein 
(B) Protein -* DNA -• RNA trait 
(C) DNA-»RNA-•protein-*trait 
(D) Trait -• RNA -* DNA -• protein 
(E) DNAprote in-*RNA-*tra i t 

44. If a DNA-coding triplet for an amino acid is 
TAC, which of the following would be the 
complementary coding triplet in messenger 
RNA ? 

(A) TAC (B) CAT ( Q AUG 
(D) TUG (E) ATG 

^ 5 ^ Which of the following animals first adapted 
successfully to life on land through the develop-
ment of the membranes that prevent water loss 
from embryos? 

(A) Lobe-finned fishes 
(B) Trilobites 
(C) Amphibians 
(D) Reptiles 
(E) Mammals 
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BIOLOGY TEST—Continued 

Questions 46- SO refer to (he diagram below of a neural pathway to striated muscle. 

External 
Stimulus 

0 Structure 5 is known as 

(A) an axon 
(B) a dendrite 
(C) a nucleus 
(D) a myelin sheath 
(E) a Schwann cell 

© 42 / Of the following, which occurs at structure 3 ? 

(A) Initiation of the impulse 
(B) Flow of electricity 10 the next neuron 
( Q Synthesis of ions 
(D) Muscular contraction 
(E) Release of neurotransmitter 

(4?) Of the following, which carries the impulse away 
from the cell body of a neuron? 

(A) 1 
(B) 2 
(C) 4 
(D) 6 
<E) 9 

(49?) Which structure has sites on the surface of its 
— membrane to receive a neurotransmitter? 

(A) I 
(B) 2 
( Q 3 
(D) 5 
(E) 8 

^SOJThe synapse is indicated by 

(A) 2 
(B) 3 
(C) 4 
<D) 6 
(E) 7 

HUtill! 
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BIOLOGY TEST—Continued 

Questions 51-34 refer to the following diagram of a 
portion of the human female anatomy. 

^^Fer t i l iza t ion normally occurs in structure 

(A) I 
(B) 3 
( Q 4 
(D) 5 
<E) 7 

(s2^The hormone progesterone is produced in structure 

(A) 2 
<B) 3 
(C) 4 
(D) 5 
<E) 7 

(S3J During pregnancy, the placenta is located in 
^ stnirtiin* struaurc 

(A) 3 
(B) 4 
(C) 5 
(D) 6 
<E) 7 

(54JA cesarean section is a surgical procedure performed 
to open structure 

(A) I 
(B) 2 
(C) 3 
(D) 5 
(E) 7 

CO ON TO THE NEXT PAGE 
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BIOLOGY TEST—Continued 

Pari B 

Directions: Each set of lettered choices helou refers to the numbered statements immediately following it. Select the 
one lettered choice that best fits each statement and then fill in the corresponding oval on the answer sheet. A choice 
ma> he used once, more than once, or not at all in each set. 

Questions $5-57 

(AJ Outer Surface ace—J 
O\I 

Water 

"coTy 

To Outer 
Surface 

Vessel 

Blood Vessels 

Water 

Outer Surface 

O 

Water 

<D> 
Outer 
Surface 

Blood 
Ve**l 

^5^ The gas-exchange system of humans 

(56^ The gas-exchange system of trout 

(57) The gas-exchange system of protozoa 

CO ON TO THE NEXT PAGE 
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Questions 58-60 

(A) Mitochondria 
<B) Lysosomes 
(C) Golgi apparatus 
(D) Ribosomcs 
(E) Chioropiasts 

58. Contain enzymes of the Krebs cycle 

59. Involved in intracellular digestion 

60. Involved in packaging secretory products 

Questions 61*64 

(A) Mutation 
(B) Reproductive isolation 
( Q Hybridization 
(D) Protective coloration 
(E) Convergent evolution 

61. A shore plant crossed with a mountain plant 
produces a plant that can live in a larger range 
of localities than either parent 

Questions 65-67 

(A) Starch 
(B) Nucleic acid 
(C) Cellulose 
(D) Glycogen 
(E) Lipid 

65. A substance that cannot be digested by most 
animals 

66. A substance that is incorporated into cell 
membranes 

67. The major constituent of plant cell walls 

62. In a normal flock of sheep, a lamb with short, 
bowed legs is born. 

63. Black moths are more numerous than light moths 
in industrial areas where the tree bark has been 
blackened by soot and the lichens on the trees have 
been killed by pollution. 

64. A flowering plant that blooms in April cannot polli-
nate one that blooms in August. 
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BIOLOGY TEST—Continued 

Questions 63-70 refer to the following graphs representing the growth of bacteria after being inoculated in 
nutrient media. 

(A) (B) 

Time Time Time 

Time Time 

68. Represents the expected growth curve when 
a limited but constant food supply is provided 
and wastes are adequately removed 

69. Represents a bacterial population allowed to become 
established and then exposed to lethal bacteriophage 

70. Represents a bacterial population inoculated into a 
culture medium, refrigerated for several days, and 
then incubated at optimum temperature 



86 

Circled questions indicate those used in data tabulation. 

BIOLOGY TEST—Continued 

Questions 71-73 

(A) CH, 
h2n—c—c 

1 

i Njh 
H 

(B) CHjOH 

H 9 ° \ H 

K ? h 7 / r 
O H \ *CS OH 

1 I 
H OH 

(C) H H 
I I 

H—C—C—OH 
1 i 
H H 

<D) H H 

N> 

(E) H H H H 
I I I 

H—C—C—C—C 
t 1 I 
H H H H k . 

71. An inorganic compound 

72. An amino acid 

73. A building block of a polysaccharide 
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PartC 

Directions Each group of questions below concerns a laboratory or experimental situation. In each case jirst study 
the description of the situation. Then choose the one best answer to each question following it and rill in the corre-
spending oval on the answer sheet. 

Questions 74*77 

During a study of the food chain that is found in a 
pond ecosystem, an analysis of a pond sample gave the 
following results. 

Name of Organism 

Bass 
Frog 

Phytoplankton 
Insect Larvae 

Number Present 

Two 
Forty 

Thousands 
Hundreds 

W4 JWhich of the following are consumer organisms 
found in the pond sample described above? 

(A) Insect larvae only 
(B) Phytoplankton only 
(C) Frog and bass only 
(D) Frog, insect larvae, and bass 
(E) Frog, phytoplankton, and bass 

©Several different algal species were found among 
the phytoplankton. Which level in this food chain 
do these species represent? 

(A) Primary consumer 
(B) Secondary consumer 
(C) Top carnivore 
(D) Herbivore 
(E) Producer 

(7?) If frogs feed on the insect larvae, then what is the 
role of the frogs in this food chain? 

(A) Primary consumer 
(B) Secondary consumer 
(C) Top carnivore 
(D) Herbivore 
(£) Producer 
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177S Which of the following diagrams best represents the analysis of the pond's water 
sample as a pyramid of number?0 

(A) 

I Frog I 
[Insect Larvae] 
Phytoplankton 

< B ) [ Phytoplankton | 
| Insect Larvae) 

I Frog I 
^ B a s T f 

(C) | Bass | 
Frog | 

Phytoplankton 
[Insect Larvae| 

(D) {Insect Larvae| 
Phytoplankton 

I Frog | 
|Bass | 

<E) I Bass | 
Frog + Insect Larvae + Phyloplankion 

Questions 78-79 

A student plans to test animals for the fear of falling 
from high places. This can be done by the use of a device 
that has a plate of heavy glass covering two different 
levels lined with similar checkered doth. One level is 
immediately under the glass; the other is 25 centi-
meters below the glass. The animal visually perceives a 
drop in elevation, but by touch feels the supportive glass 
flooring. 

Several species are tested, including ducklings, kittens, 
and young rats and mice, none of which has had prior 
experience with a drop in elevation. The student finds 
that the animals are reluctant to walk out on the glass 
flooring above the lower level. 

78 J Overall, (he observations suggest that the fear of 
^ falling is 

(A) learned in these animals 
(B) a conditioned reflex in these animals 
(C) instinctive in the animals tested 
(D) present only in young animals 
(E) common to both warm- and cold-blooded 

animals 

( 7 9 j In each ease, the sense that is most influential in 
determining the animal's behavior is 

(A) smell 
(B) proprioception 
(C) touch 
(D) hearing 
(E) vision 
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89 

Questions SO-Ri 

An experiment wis set up 10 determine whether 
the temperature of water has any relationship to the 
respiration rate of goldfish. In order to determine the 
respiration rate, a student counted the number of times 
a goldfish dosed its gill covers in 1 minute. Gill covers 
are bony plates that can be moved by the fish to permit 
the flow of water over the gills. 

Below is a graph that shows the results of the experi-
ment. Measurements were made at 10* intervals and, 
at each new temperature, the fish was in the water for 
5 minutes before the count was taken. The data on the 
graph represent the averages for ten goldfish selected for 
comparable age, size, and heredity. 

^ 90 
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Temperature f C ) 

^0?) Within experimental error, it appears from the 
graph that, as the number of degrees Celsius 
doubles, the rate of gill«cover closings 

(A) decreases by a factor of 2 
(B) decreases linearly 
(C) increases exponentially 
(D) increases by a factor of 2 
(E) shows no distinct relationship to temperature 

0As the temperature of the water increases in the 
experiment shown, which of the following is a 
plausible prediction? 

(A) The goldfish will need less oxygen. 
(B) The amount of oxygen dissolved in the water 

will increase. 
(C) The gill-cover activity will decrease. 
(D) The amount of carbon dioxide released by the 

goldfish will increase. 
(E) The goldfish will need to consume less food. 

After all ten fish had been tested at each tempera-
lure, the water in each container was checked for 
the presence of ammonia. The results of this 
showed higher ammonia concentrations at the 
higher temperatures. An acceptable interpretation 
of this observation is that 

(A) ammonia is less soluble in warm water than in 
cold water 

(B) excretory rates increase with increasing 
metabolism 

(C) ammonia excretion is not temperature depen-
dent 

(D) excretory rates decrease with increasing temper-
ature 

(E) as the concentration of dissolved oxygen 
increases, the concentration of ammonia 
also increases 
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fci 
uestions 83-83 refer to an experiment that is designed to investigate the clTcv:i of sugar concentration on the rate of 

fermentation in yeast. Six flasks are filled, each with a different concentration of sugar solution. The six concentrations, 
starting with 0 percent, are indicated on the graph below. Each flask is inoculated with the same amount of live yeast 
and then stoppered. The carbon dioxide, C02 , produced in each flask is collected and measured after 24 hours. The 
results are shown in the graph below. 

70" 

CO; Produced 
in *24 Hours 

(in milliliters) 

0 5 10 20 40 
J E -

80 

Sugar Concentration in Flask 
(percent solution) 

83. The optima! sugar concentration for yeast fermenta-
tion is 

(A) 3% 
(B) 10% 
(Q 20% 
(D) 40% 
(E) 80% 

85. It can be inferred from the graph that concentra-
tions of sugar above 20 percent will 

(A) stimulate respiration 
(B) increase alcohol production 
(C) inhibit yeast activity 
(D) decrease oxygen production 
(E) increase CO2 production 

84. Which of the following best represents the chemical 
reaction that takes place in this experiment? 

(A) Glucose -» 2 lactic acid 
(B) Glucose + 6 Oj -• 6 H 2 0 + 6 CO ; 
(C) Glucose -• 2 ethyl alcohol + 2 C02 
(D) 6 H 2 0 + 6 C02 glucose + 6 0 2 

(E) Glucose + 6 Qj -• 2 ethyl alcohol + 2 C02 
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BIOLOGY TEST—Continued 

Questions 86-88 

In order to test the effects of different wavelengths 
of light on photosynthesis, a student makes six setups 
similar to the one illustrated below. One is plaoed in the 
dark. The other five are iliuminated with violet, blue, 
green, orange, and red light, respectively. In all cases, 
the experiment lasts for I hour. 

Collected Gas 

Test Tube 
(A) 

Glass Jar (B) 

Water (C) 

Bubbles Rising (D) 
from Leaves 

Elodea, a Water Plant (E) 

Glass Funnel 

^ 6 ^ The purpose of placing one setup in the dark is to 

(A) test the effects of cosmic rays 
(B) study the dark reactions of photosynthesis 
( Q establish a control for the experiment 
(D) allow the Elodea to regenerate glucose 
(E) keep some Elodea available for repeating the 

experiment 

©For this experiment, it is most important that which 
of the following be the same in each setup? 

(A) The total area of leaf surface 
(B) The dry weight of each plant 
(C) The numbers of plants 
(D) The diameters of the plant stems 
(E) The average leaf lengths 

fs8JThe five setups that were placed in the light each 
produced a different amount of gas, with the setup 
in green light producing the least amount of gas. 
Which of the following is most clearly suggested 
by these observations? 

different amounts of gas. 
Green light is absorbed by Elodea better than 

light of other wavelengths. 
Different colors of light cause different kinds of 

gas to be produced. 
The amount of gas produced is dependent on 

the wavelength of the light absorbed by the 
plant. 

The experiment was poorly planned. 

EE2EII3SS1iSi9̂  



92 

Circled questions indicate those used in data tabulation. 

BIOLOGY TEST—•Continued 

Questions 89-91 

BASAL METABOLIC RATE IN VARIOUS SPECIES OF ADULT ANIMALS AS A 
FUNCTION OF BODY WEIGHT 

Average Average Average 
Metabolic Rate Weight Metabolic Rate 

Animal (kcal/day) (kg) (kcal/kg/day) 

Mouse 3.S2 0.018 212 
Dog 773 IS 51.5 
Human 2,054 64 32.1 
Pig 2,444 12S 19.1 
Horse 4,983 441 11.3 

^9?^Vhk:h of the animals listed utilizes the greatest 
V->iunount of food per unit of weight? 

(A) Mouse 
(B) Dog 
( Q Human 
0>)Pig 
(E) Hone 

\%S Which animal listed could probably survive the 
longest if given its own weight of usable food 
energy? 

(A) Mouse 
(B) Dog 
( Q Human 
<D) Pig 
(E) Horse 

©From the tabte above, it can be determined that 
the difference in the daily metabolic rate between a 
100-kilogram adult human and a 100-kilogram adult 
pig is which of the following? 

(A) The human utilizes 13 kilocalories per day more 
than the pig. 

(B) The pig utilizes 13 kilocalories per day more 
than the human. 

( Q The human utilizes 1,300 kilocalories per day 
more than the pig. 

(D) The pig utilizes 1,300 kilocalories per day more 
than the human. 

(E) There is no significant difference in the daily 
metabolic rates of a human and a pig with 
the same mass. 
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BIOLOGY TEST—Continued 

Questions 92-93 

The following pedigree traces the appearance of an abnormal recessive trait in several families. 

Family I Family II Family 111 

0 t D 

Key 

O Female with normal trait 

O Male with normal trait 

© Femak with abnormal trait 

E l Male with abnormal trait 

Generation I 

Generation 2 

Generation) 

92. Based on the pedigree above, which of the following 
statements is NO? true? 
(A) Individual I » heterozygous* 
(B) Individual 7 received a gene from each parent 

lor the trait 
(Q Individual 9 b homozygous. 
CD) A child born to indtviduab 10 and II hast 

50% chance of showing the trait 
(E) Individual 14 is a carrier of the trait 

93. The genotype of which of the following indtviduab 
Is not known? 
(A) Individual 2 
(B) Individual 4 
(Q Individuals 
(D) Individual! 
(E) Individual 12 

94. Based on the pedigree above, what b the probabtfity 
that a child born to bdmduab 14 and 15 wS have 
the aboormal trait} 

<A)0 (B)J ( Q j <D)£ ( E ) j 

91 Of the foOowiai. whidi provides evidence that the 
abootmal trah b NOT «a*finked} 
(A) Some daughters of Individ uah 1 tad 2 are 

aonnal for Ike trail. • 
(B) Soox toot of individuals 3 and 4 arc normal for 

the trait 
(Q Half the iwfividuab ia ®eneratio« 1 have the 

trait 
CD) Bods texet have the aboorma] ooo£tioo of die 

trah. 
(E) The trait appear* h every ftweratioc. 

STOP 
IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON THIS TEST ONLY. 

DO NOT TURN TO ANY OTHER TEST IN THIS BOOK. 
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Answers to Biology Afhifvemfnl Test, Form K*3f AC2, 

Question 
Number 

Correct 
Answer Right Wrong 

Percentage 
•C Students 
Answering 

the Question 
Correctly 

Question 
Number 

Correct 
Answer Right Wrong 

Percentage 
of Students 
Answering 

the Question 
Correctly 

a > 
2 
3 
4 
5 

B 
D 
B 
C 
E 

87% 
72 
84 
8! 
79 I 

C 
B 
C 
D 
B 

45% 
62 
78 
54 
75 

8 
8 
9 

10 

B 
E 
E 
A 
E 

80 
79 
87 
63 
66 

59 
60 

C 
A 
A 
B 
C 

72 
69 
43 
56 
65 

B 
B 
C 
D 
C 

68 
49 
63 
67 
66 

61 
62 
63 
64 
65 

C 
A 
D 
B 
C 

62 
88 
81 
83 
49 

16 
17 

? 

< 2 > 

E 
D 
C 
A 
A 

58 
43 
50 
77 
60 

66 
67 
68 
69 
70 

E 
C 
D 
C 
B 

47 
72 
34 
81 
76 

21 
$ 

24 
25 

A 
E 
A 
A 
C 

71 
69 
72 
60 
77 

71 
72 
73 

s 
D 
A 
B 
D 
E 

63 
48 
44 
61 
70 

29 
30 

A 
C 
E 
C 
D 

$9 
42 
38 
66 
68 

B 
A 
C 
E 
D 

70 
75 
79 
71 
78 

33 
& 

B 
A 
A 
D 
E 

52 
56 
58 
50 
49 

83 
84 

.85 

D 
B 
B 
C 
C 

70 
63 
74 
30 
67 

<s> 
37 
38 
39 
40 

E 
A 
B 
D 
E 

48 
46 
44 
48 
43 1 

c 
A 
D 
A 
E 

68 
54 
69 
63 
50 

41 
§ 

44 

B 
E 
C 
C 
D 

47 
47 
55 
55 
38 

<M> 
92 
93 
94 
95 

c 
c 
c 
B 
B 

21 
47 
46 
52 
19 

I 
B 
E 
B 
D 
C 

65 
51 
61 
52 
75 

N«ic: The pmrnti|a are based «m the Mityw of the answer *hwh lor a random sample iW tiitdcnh who tank (Kb !e»l in May 
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