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ABSTRACf 

Research-based curriculum is a system of instruction which 

uses an authentic learning. problem-solving. cooperative learning. 

hands-on. and inquiry-discovery approach. guided by a 

constructivist philosophy. Its usefulness has been recognized for 

many decades but "research in the classroom" has not been 

adopted as a teaching method by many. This study centers on 

research done by students in science classrooms. 

The primary purpose of this study was to measure. both 

quantitatively and qualitatively; (1) students' understanding. by 

gender. of the nature of science and. (2) student attitude changes. 

by gender. toward the nature of science. scientists. and careers in 

science before and after the completion of research projects. The 

gender equity problem in science classes is explored and 

improvements in four process skills were measured for both 

treatment and control groups. Also. different models of research

based science education are described. 

The Test of Science Related Attitudes (TOSRA) and the Nature 

of Science Scale (NOSS) were given pre and post to both groups. 

Several qualitative instruments were given and student journals 

were analyzed by gender. 

The results of TOSRA showed gains in positive attitude for 

students after they experience a research-based curriculum for six 

of the seven TOSRA scales. However. the control group had similar 
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gains so the mixed design analysis of variance showed no 

statistically significant differences between control vs. treatment or 

male vs. female interactions. Much of the qualitative analysis 

revealed that students understanding of the nature of science 

changes considerably after they "do" scientific research. The 

journal analysis and the "Research is .... " question analysis show that 

students also have a significant affective response to the research 

experience. 

Quantitatively. the total NOSS score improvement for the 

treatment group was substantial (11.4 to 13.8) and better than the 

control. although it was not a statistically significant difference. 

Generally. treatment students showed greater improvement on all 

NOSS scales. Treatment students also had greater gains on the four 

different process skills measured in this study. 

Research-based curriculum is an effective way to change 

students attitudes towards science and a sound way to increase 

student understanding about the nature of the research process. 
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CHAPTER I . I~lRODUCTION 

Science education in the United States is under siege from 

many quarters. Over 300 reports describing the problems in 

mathematics and science education have been issued since 1983, 

since a "Nation at Risk" was published, which means one is issued 

approximately every week (Tobias, 1992). These mostly negative 

reports, plus many media commentaries and newspaper editorials 

bemoan the poor performance of our students on science 

competency tests when compared to students from other countries. 

A number of studies have shown that many students have negative 

attitudes to studying science, to the usefulness of science and to 

science teachers (National Assessment of Educational Progress, 

1978. Huefle. Rakow and Welch. 1983). Even worse. after 

developing a strong positive set of attitudes by the 3rd grade. the 

interest in science wanes by 7th grade and becomes alarmingly low 

by 11th grade (Yager, Penick, 1989). Our high school students don't 

seem to like their science classes, and more alarming, the more 

courses they take the less likely they seem to like them (Yager, 

Penick, 1989, Hofstein, Welch, 1984). 

Pressure is being brought to bear by federal and state 

commissions to alleviate the downward spiral of interest and 

achievement in science in our country. Science educators are now 

charged with the daunting task of making U.S. students the best in 



the world in science and mathematics achievement by the year 

2000 (National Goals for Education. 1990). 
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In reality. this national problem is really a two-fold one. On 

one front. science teachers must be concerned with improving the 

level of scientific and technological literacy since 93% of our 

population will !lQ1 be scientists. engineers or science educators 

(Leyden. 1984). The prospect of having the majority of our society 

totally incapable of making rational decisions and interpretations of 

national scientific concerns such as nuclear power. medical 

practices, genetic engineering. and the environment. is frightening 

indeed. 

Then we have the "pipeline" part of the problem. We need to 

offer our best and brightest students opportunities to pursue 

science as a career. We also need to encourage science and 

mathematics teachin~ before the shortage of qualified instructors in 

our science classrooms reaches crisis proportions. We must also 

face the particularly dismal numbers of minority and females we 

are graduating with science related degrees (4.5% minority. 16% 

female). And when you consider that by the year 2000 a third of 

all college youth will be minority, and that by 2010 B..tl.. of the 

American work force will be non-white or female (Ahlgren. 1991), 

the magnitude of our problem becomes clear. As Deborah Port 

(1990) states, "It is obvious that without an improvement in science 

education for all students, those with gifts in science will suffer -

and so will society." 
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Rationale for the Study 

To combat declining achievement and attitudes of students 

towards science as a subject and as a career, many curriculum 

projects were developed beginning in mid-1950's and ending for 

the most part in the mid-1970's. These lab-based curricula like 

PSSC, BSCS. and CHEM Study appeared to revolutionize science 

instruction in the United States. Yet, after twenty years. the 

influence of these programs has diminished greatly (Welch. 1979). 

Most experts agree that these programs failed because they had a 

predominant pre-professional slant. that is. they focused on 

preparing students for the college-level and beyond (Jackson. 

1983). Today. science education appears to be saddled with the 

same 1950's style pedagogical methods: textbook as curriculum. 

lecture as the major form of instruction. and removal of science 

from the context of the real world (Yager. 1983). Nine out of ten 

science teachers use a textbook alone. 95% of the time (NAEP, 1978. 

Brandwein. Glass. 1991). and only 1 % of teacher talk (which takes 

up 70% of the class time) invites open response or reasoning 

(Goodlad. 1984). 

Recently. teachers have been told repeatedly in the literature 

and in their method classes that "hands-on" activities are the 

answer to our woes. that student manipulating of lab equipment 

and discovering concepts for themselves is the way for them to 

learn science (Stewart. and Hafner. 1991. Schmeider. and Michael

Driver. 1991. National Science Board. 1991). "Discovery" science, as 
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it is called. is thought to excite students' minds and change their 

attitudes towards science and science careers, yet quantified 

reports of these outcomes are scarce. Inquiry-based science 

education has been advocated by many but the student outcomes 

have been disappointing (Welch, 1981). 

Research-based curriculum is a system of instruction which 

uses a problem-solving, cooperative learning, hands-on approach, 

guided by a constructivist philosophy. Its usefulness has been 

recognized for many decades as teachers have taken their elite 

students and guided them in science fair-type projects as a way of 

showing them what scientists do and how science is done. Millar 

and Driver (1987) state that. 

"It is not only on aesthetic grounds that a case is made for 
giving pupils an understanding of the nature of the scientific 
enterprise. Just as personal knowledge in science empowers pupils 
to act in their everyday lives, so a critical appreciation of the way 
scientists work empowers them, as future citizens in a participatory 
democracy, to query. question and seek alternative views on 
scientific and technological decisions which affect our lives. 
Interpreted in this way, science in schools has an enabling rather 
than an alienating function and has a critical role to play in a liberal 
education. " 

Many students. however. end up with a poor understanding 

of the science process, partly as a result of the poor preparation of 

their teachers to deal with any complexities in the science realm 

(Harms, 1981). Many projects are demonstrations of scientific 

processes, such as a series of pure observations, or fit into a 

category of "engineering" - the building or design of structures, 

--.- --.--
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habitats. and models. However. some solid research efforts are 

produced and students are rewarded for their work with medals. 

ribbons. and even scholarships. like those offered by the 

Westinghouse Science Talent Search. 

But. efforts to expand this research-based experience have 

been made to encompass students of all ages and abilities. 

Although the virtues of research-based. discovery approaches are 

extolled by many (GEMS. 1991. Port. 1990, Ahlgren, 1991, Yager 

1988, Brandwein. 1981. Speece. 1986. Pizzini. 1988. AAUW Report. 

1992). quantified evidence of its value is rare. As Lee Cronbach 

(1986) states. "In spite of the confident endorsements of teaching 

through discovery that we read in semi-popular discourses on 

improving education. there is precious little knowledge about what 

advantages accrue." 

Also. educational objectives in the affective domain. 

particularly student attitudes towards science and scientists. are 

thought to be of the utmost importance (Choppin. Frankel. 1976). 

The "best milk comes from contented cows" theory mirrors most 

researcher's attempts to confirm the notion that students who have 

positive attitudes towards science will be higher achievers and be 

more likely to take additional science courses (Fraser. 1986). Many 

studies show a strong link between attitude and increased 

achievement (Schibeci, Riley, 1983. Majoribanks. 1976. Simpson. 

WasHk,1978). An international study found that attitude was 

significantly related to achievement in science even when ability 
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was taken into account (Kellv, 1978). Also. in a meta-analysis, 

Steinkamp and Maehr (1983) found that the correlation of attitude 

and achievement for girls is stronger at the high school level than 

at the middle school level. 

Some claim that students' attitudes towards science may well 

be more important than their knowledge of science facts since 

attitudes will determine how well they will use their knowledge 

(Ormerod and Duckworth. 1977). In the Arizona Essential Skills, 

developing students' "Habits of Mind", defined as their attitudes 

and excitement towards the learning of science and technology, is 

one of the eight primary goals of science education (Arizona Dept. of 

Education, 1992) Also, as Halydana and Shaugnessy (1982) state. 

"While students may possess abilities within the cognitive and 

psychometrical domains to do tasks, their willingness to do these 

tasks come from the affective domain." Therefore. the study of 

student attitudes as they relate to the mode of instruction imposed 

upon them is considered to be a very important research topic 

(Gardner. 1975, Munby, 1980. Scibeci. 1984. Shrigley, 1983). 

Significance of the Study 

This study will add to the limited existing body of knowledge 

related to how research-based curriculum affects the attitudes of 

students towards science, scientists. and science careers as well as 

how this curricular method affects their knowledge concerning the 

nature of science. Secondly. it is hoped that the study will serve 
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educators by surveying methods of applying research-oriented 

curriculum in K through 12 classrooms. Also, the attitude 

instruments and qualitative methods described in this work can be 

used by educators to measure attitudinal changes in a wide variety 

of contexts including in Middle School classrooms, undergraduate 

science programs, and teacher training programs. Furthermore. the 

study may shed some light on the possibility that research-based 

curriculum is gender-friendly. 

Statement of the Problem 

The primary purpose of this study is to measure, both 

quantitatively and qualitatively; 1. students' understanding, by 

gender, of the process of scientific research before and after they 

carry-out an actual research project, and 2. student attitude 

changes, by gender, toward the nature of science, scientists, and 

careers in science before and after the completion of research 

projects. 

Research Questions to be Addressed 

The following research questions delineate the scope of this 

study. 

1. Do student attitudes change in six categories of conceptually 

different attitudinal aims of science education after they experience 

a research-based curriculum? (Measured by the Test of Science 

Related Attitudes. Fraser. 1978. Journal Analysis. "Research is ... " 

question responses) 
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a. attitude towards science - the social benefits and problems 

which accompany scientific progress 

b. attitude towards scientists - an appreciation that scientists 

are normal people, not eccentrics or oddballs 

c. attitude towards inquiry - scientific experimentation and 

inquiry as the means to obtain information about their 

en vironmen t 

d. adoption of scientific attitudes - such as curiosity and 

open-mindedness 

e. enjoyment of science learning experiences 

f. development of interests in science and science related 

activities 

2. Do student attitudes change toward science as a career after 

they complete a research-based curriculum? (measured by Science 

Career Interest Survey, Lockwood, 1991, Scale #7 of TOSRA, Journal 

Analysis) 

3. Does student understanding of the nature of science change after 

completion of the research-based class? (measured by the Nature of 

Science Scale, Kimball, 1967, Journal Analysis, "Research is ... " 

question analysis) 

4. Are changes in attitude in 1-3 above identical by gender in a 

research-based class? 

5. How do the attitudinal shifts of a non-research curriculum-based 

class such as physics compare to a research class, again by gender? 



6. Do science process skill levels improve more for research 

students than for standard lab-based physics students? (measured 

by the Science Process Skill Test. Tashiro. Rowland. 1991) 

Assumptions Underlyin~ This Study 

1. The students in the study accurately reported their feelings on 

the quantitative and qualitative test instruments. 

2. The pre and post-questionnaire utilized in this study were 

reliable and valid instruments. 

Limitations of the Study 

1. This study was done on one class of twenty-four research 

students over two semesters of research work. They were then 

compared to a similar number of physics students in a more 

standardized curricular setting. 

2. Without a larger sample. perhaps one utilizing four or more high 

school classes in varying socio-economic contexts. the results of 

this study cannot be widely generalized. 

Definitions of Terms Used 

attitudes to science - a broad 'umbrella category; it may include 

attitudes to science careers. science instruction. to the institution of 

science and scientists. specific science issues. or to scientific 

processes (Schibeci, 1984, Munby. 1980) 

scientific attitudes - those attitudes thought to belong to practicing 

scientists such as curiosity. tolerance of the views of others. 

suspended judgement, and open-mindedness. 



scientific attributes - a more descriptive term for scientific 

attitudes according to Koballa (1988). 

research-based curriculum- a system of instruction in which the 

primary goal of the students is to produce a paper which describes 

the results from a research project. 

cooperative learnin~ - a classroom learning environment in which 

students work together in small. mixed ability groups on academic 

tasks. (Watson. 1991) 

hands-on science - "any .... activity that allows the student to handle. 

manipulate. or observe a scientific process." (Lumpe and Oliver. 

1991) 

technolo~y - the application of scientific knowledge to solve 

practical problems to achieve human goals. A body of knowledge. 

developed by A culture. that provides methods or means to control 

the environment. extract resources. produce goods and services, 

and improve the quality of life. (Bybee, 1986) 

society - the collective interactions of human beings at local, 

regional, national and global levels. Human groups whose members 

are united by mutual interests, distinctive relationships, shared 

institutions, and common culture. The human setting in which 

scientific and technological enterprise operates. (Bybee, 1986) 

Or~anization the Remainin~ Chapters 

Chapter 2 presents a review of the literature related to the 

advantages and benefits of performing research projects in high 

school classrooms. Suggested components of research curriculum 
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are discussed. including authentic learning, cooperative learning. 

problem-based learning, inquiry/discovery learning and hands-

on/activity-based learning. The constructivist nature of these four 

research curriculum components is examined as an over-arching 

philosophy that ties these components into the realm of research

based instruction. Gender equity in science classrooms is also 

discussed to explore the possibility that research-based curriculum 

is a "gender-friendly" way to teach science. Then, eight existing 

examples of research-based curricula in K-12 classrooms are 

presented to demonstrate the various models that educators feel 

can bring the "real science" experience to our students. 

Chapter 3 describes the context of the study and the 

demographics of the student sample. A description of the structure. 

methodology and procedures used in administering the 

astronomical research class (the treatment group in this study), and 

the physics class (the control group in this study) are given. The 

projects completed by the subjects of this study are also described 

in detail to frame the scientific goals and objectives of the course. 

Then the research procedures are outlined. The 

four quantitative instruments used in the study are described as 

are the two qualitative methods utilized to determine changes in 

student's attitude towards and understanding of science. Finally, 

methods of data analysis are described to close the chapter. 
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Chapter 4 describes and summarizes the findings of the 

qualitative instruments while Chapter 5 discusses the results of the 

quantitative methods of data analysis. 

Chapter 6 examines the findings in relation to the stated 

research questions and states the implications of the findings for 

teachers, and science curriculum development, and for the gender 

equity problem in science classrooms. Reflections on the study are 

then discussed and is followed by suggestions for further research 

based on the results of this study. 
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CHAPTER TWO - SURVEY OF THE LITERATURE 

Introduction 

As the United States pushes to make its students first in the 

world in science achievement, many researchers are advocating a 

curriculum that emphasizes activities and "learning by doing" (U. S. 

Dept. of Ed., 1990). Almost all of the recent national reports on the 

conditions of teaching and learning in our schools call for, "More 

active learning for students and less passivity; more hands-on, 

direct opportunity to make meaning" (Schmieder and Michael-Dyer, 

1991). When students are asked to "make meaning", they are 

often involved in developing and restructuring knowledge schemes 

through direct and personal experiences with phenomena, through 

exploratory talk, cooperative groups and teacher intervention 

(Driver, 1989). Members of our scientific community, " .... agree that 

science, at its roots, is an active process, not facts or products, but 

the process of problem identification, experimentation, data 

interpretation, hypoth~sizing, and testing" (Renner, 1966 in Padilla 

and Okey, 1984). 

The California Science Framework (1990) urges middle school 

teachers to offer "projects" to their students which will allow them 

to assume more of the responsibility for their own learning, and 

which involve a considerable amount of out-of-class work for 

students. Also, teachers are urged to make lessons, " ..... highly 

experiential, manipulative, and laboratory oriented. Students 

should be working in small groups, cooperating on peer-group 
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projects, and solving laboratory problems" (California Framework, 

1990). 

Performing actual scientific research, either within the 

context of an existing science class, or in a separate course, 

encompasses the following instructional paradigms: a. authentic 

learning, b. cooperative learning, c. problem-based instruction, d. 

inquiry/discovery learning, and e. hands-on/activity-based 

methodology. These paradigms will be defined and reviewed below 

in the literature as parts contributing to the whole - the 

performance of scientific research, as experienced by all 

educational levels, K-12, in the United States. Within the research

based curriculum context, the constructivist philosophy is viewed in 

this study as an ideological umbrella over-arching these paradigms 

forming the theoretical web which ties all of them into the world of 

research-based curriculum. Constructivism will be examined in the 

context of the instructional paradigms listed above. 

Research as a gender-friendly curricular method is examined 

in the literature by reviewing the gender-equity problem in science 

education, and then delineating the recommendations of 

researchers concerning methods of achieving equality of instruction 

for females in our science classrooms. 

The remaining part of this chapter will be devoted to a 

description of eight exemplary science research programs designed 

for students by K-12 teachers in the United States. 
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Authentic Instruction 

A new movement in science education seems to be the 

insistence of many to create a curriculum in all areas of education 

which is grounded in the social and physical environment of the 

student. Most researchers call this process the delivery of 

"Authentic Instruction". John O'Neil (1993) calls authentic learning 

" ..... the new catchphrase for learning by doing." Its genesis seems to 

be in several frameworks developed at the state level, most notably 

the Wisconsin Center on Organization and Restructuring of Schools. 

The authors of this framework contend that innovations in 

curriculum should be aimed toward the idea of obtaining authentic 

student achievement which is rooted in three criteria: 1) students 

construct meaning and produce knowledge, 2) students use 

disciplined inquiry to construct meaning and 3) students aim their 

work toward production of discourse, products, and performances 

that have value or meaning beyond success at school (Newmann, 

1993). 

Newmann (1993) has five standards he says can be applied to 

innovations to decide to what degree they are "authentic" learning 

exercises. They must have: 1) Higher order thinking, 2) Depth of 

knowledge, 3) Connectedness to the world beyond the classroom, 4) 

Substantive conversation (student sharing of information and 

collaboration to seek understanding), and 5) Social support for 

student achievement (involves high teacher expectations, positive 

feedback, mutual respect). The main point, according to another 



proponent of this type of learning is, .... "to let students encounter 

and master situations that resemble real life" (Cronin, 1993). 

3 I 

The movement to involve students in authentic learning is 

occurring at all grade levels. Gina Schack from the University of 

Louisville asserts, "Students of all ages can do descriptive, historical, 

experimental, correlational, and developmental research, while 

case, field, causal, and comparative research might be more 

successful with older students" (Schack, 1992). Her work has 

centered on the elementary grades where she involves students in 

doing science/research projects. This involves having her students 

find problems of interest to them, then focussing on a topic, one 

that has no preset answer, and one which can be answered by the 

gathering of data. Then students go through the gathering and 

interpreting of data and finally the sharing of the research findings, 

which is the loop which most experts call the process of scientific 

inquiry (Schack, 1992). 

At the Center for Problem-Based Learning at the Illinois 

Mathematics and Science Academy (lMSA), problem-based learning 

units have been prepared for high school students with authentic 

learning principles in mind (Septien, Gallagher, 1993). In several 

test high schools, students learn science solely through the use of 

ill-structured problems in a semester-long class called "Science, 

Society and the Future". The problems are structured so that 

students have a stake in the problem, feel a sense of ownership, 



and construct the methodology and procedures for resolving the 

problem (Septien, Gallagher, 1993). 
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One of the most ambitious, and perhaps the most prevalent 

and popular educational movement that espollses the meshing of 

problem-based instruction with authentic learning principles, is the 

Science, Technology, and Society (STS) movement. Arising partly in 

response to the perceived crisis in American science education, and 

partly in response to the writings of C. P. Snow, Dennis Meadows, 

Lewis Mumford, Jacob Bronowski, and Rachel Carson (Cheek, 1992), 

STS has become a major movement in science education in the U. S. 

since it emerged as one of the five focal points of Project Synthesis 

(Harms, 1977). STS is not a curriculum program per se, but is a 

framework of idealizations, of goals and contexts, within which 

students can learn the ways of science, and relate scientific 

processes and concepts to their immediate environment (Yager, 

1993 ). 

STS Education can be defined as, " .... the understanding of how 

. science and technology shape and are shaped by society, the 

problems and opportunities they create, and how citizens can relate 

most effectively to them." (Science and Society Committee of the 

National Council for the Social Studies, 1990). The insertion of STS 

units into the curriculum in most often accomplished by adding 

them to existing, discipline-bound courses (Iozzi, 1987, Cheek, 

1990, Zaner-Blosser, 1990). A second way to introduce STS to the 

curriculum, and much more difficult to accomplish, is to create a 
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stand-alone interdisciplinary course in STS education (Christensen, 

1990, Curriculum Development Research Group, 1978, Pottenger, 

1987). Hundreds of classes have STS units nested within them, 

while a large number of stand-alone course exist in many schools 

under a variety of names and course designations (Cheek, 1992). 

STS programs are those based on real world issues and 

concerns. The best units are those in which the students do the 

choosing of the area or concern and study and then develop 

methodologies to examine the problem, (Yager, 1992a). When 

students study real problems, associated with their immediate 

environment, Yager insists that the " ....... power of information is 

realized. Students search out information and use it, and the 

process new problems are defined." 

The real-life context of the problems in STS parallel authentic 

learning principles. STS focuses on these types of problems, on 

questions, and on unknowns dealing with the environment of the 

student. Students search for answers and explanations that they 

can then apply to their environment to generate more problems or 

questions (Yager, 1992a) 

Yager and Piels, 1992, have done extensive student 

evaluations, comparing STS to traditional curriculum methods in 

what they perceive as the five domains of science; application, 

creativity, attitudes, process skills, and science concepts. The 

studies show increases in achievement for STS students in four of 

the five domains of science. On a test of science concepts, 



34 

traditional classes scored higher than STS classes. But as Yager, 

1992b, explains, "To date, there have been no significant gains with 

respect to student acquisition of information (with STS type units). 

However, the improvement with respect to student attitudes, the 

ability to use process skills, growth in terms of some features of 

creativity, and the ability to use information in new situations are 

impressive and are positive advantages of STS instruction for even 

the most hardened skeptic." 

The attitude changes listed by Yager, 1992b, measured for 

students participating in STS courses in Iowa, are of import to the 

attitude study described in Chapter 3 of this paper. They are listed 

in Table 2.1 below. 

TABLE 2.1 

Percentage of Students Enrolled in Classrooms Taught by Twelve 
Teachers With Specific Attitudes About Science When Experienced 

from Direct Instruction (textbook) Versus and STS Focus 

Specific Student 
Perception 

Science classes are 
fun. 

Traditional Sections 

40 

STS Sections 

8 1 
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Science classes are 3 1 14 

boring. 

Science classes 24 7 1 
make me curious. 

Science classes help 3 1 63 
me make decisions. 

Science teacher 48 88 
likes my questions. 

Science teacher 22 74 
admits to not 
knowing. 

Information from 69 8 1 

science classes is 
useful. 

Science is a favorite 1 1 22 
course. 

Science is a least 
19 6 favorite. 

These attitudes measurements were taken over a three year 

period on over 1,000 7th and 8th grade students. The high 

percentages for students who say science is fun (88%) and useful 

(81 %) is impressive and perhaps as Yager insists, a much more 

concrete result than many positive testimonies produced by 

parents, teachers, and students concerning the positive effects of 

STS problem-solving education on the attitudes of students in the 

program (Yager, 1992b). 
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Cooperative Learning 

Science. by its very nature is a cooperative venture. 

Scientists work in small and large collaborative groups to share 

knowledge. always building upon and sharing the knowledge of 

those who preceded them. Johnson. and Johnson (1991) point out 

that the table of contents of any scientific journal shows the great 

number of authors next to the byline most articles. 

Rutherford and Ahlgren in "Science for All Americans" (1990) 

when discussing effective teaching and learning of science. 

mathematics and technology state. 

"The collaborative nature of scientific and technological work 
should be strongly reinforced by frequent group activity in the 
classroom. Scientists and engineers work mostly in groups and less 
often as isolated investigators. Similarly. students should gain 
experience sharing responsibility for learning with each other. In 
the process of coming to common understandings. students in a 
group must frequently inform each other about procedures and 
meanings. argue over findings. and assess how the task is 
progressing. In the context of team responsibility. feedback and 
communication become more realistic. and in character very 
different from the usual individual-textbook-homework-recitation 
approach." 

Most experts agree that students have to be actively involved 

in their own learning (Slavin. 1987). In most traditional lecture 

classes, students participate actively during only 5% of the total 

class time (Blosser, 1990). But, in the schema of cooperative 

learning, students in a small group create an active learning 

environment to take charge of a portion of their own learning. A 

tremendous bonus of cooperative learning has been the findings 



that the type of instruction promotes multi-cultural 

understandings. In fact. researchers have shown that forming 

interracial groups decreases prejudice. diminishes racial 

stereotyping. while encouraging members of the group to pull 

together (Webb. 1982. Zeigler. 1981). 
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Several studies demonstrate the effectiveness of cooperative 

learning (Slavin. 1989, Johnson and Johnson. 1987). Slavin (1989) 

warns that for cooperative learning to be effective. for a real gain in 

achievement to be realized, two conditions of student 

responsibility must be met: (1) A group goal that is important 

mu~:: be present and (2) the success of the group must depend on 

the individual learning of its members. If both of these conditions 

are not present. little is to be gained by the collaborative grouping 

(Slavin, 1989). In another study of some 70 research reports 

involving cooperative learning experiences that met the two 

conditions above and were over 4 weeks in duration. 84% of the 

studies showed significantly higher achievement effects. In 17 

studies in which one of the two conditions of responsibility were 

missing, only 17% of the studies showed positive gains for the 

cooperative learners (Slavin. 1991). 

Johnson and Johnson (1987) have done an extensive review 

of the literature and found that achievement increases for ill 

groups, at all grade levels K-12. using cooperative learning 

techniques. They also claim that critical thinking is promoted. and 

that higher level thinking processes can result along with a deeper 



level of understanding when students are in small group, 

collaborative learning situations (Brandt, 1987, Johnson and 

Johnson, 1987). 
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Johnson and Johnson (1984) also did a meta-analysis of 122 

other studies in which they found that cooperative learning results 

in higher achievement than competitive or individual learning for 

all groups of students, including all age levels, all subject areas, and 

all tasks. In a separate study, Johnson and Johnson (1987) in a 

meta-analysis of 251 findings, found that cooperative learning 

promotes greater interpersonal attraction among different ethnic 

groups as well as between non-handicapped and handicapped 

students. 

Slavin (1991) states some very similar conclusions. He 

reports that positive achievement effects of cooperative learning 

are the same for all grade levels, the same for low, average, and 

high achievers, and equal in both urban and suburban schools. 

Usc her (1986) states that cooperative learning techniques result in 

outcomes such as increased self-esteem, acceptance of academically 

handicapped students, and more positive intergroup relations. 

Sharan and Sharan (1987) report that collaborative groupings 

builds cooperative skills such as communication, interaction, 

cooperative planning. sharing of ideas. decision making, listening, 

and exchanging and synthesizing ideas. Many of these skills closely 

parallel what we normally consider the "processes of science." 



39 

Newman and Thompson (1987) reviewed 27 secondary level 

reports, and attempted to uncover differences between elementary 

and high school cooperative learning efforts. They found that 68% 

of the studies showed positive effects over traditional lecture type 

formats. Science was the subject most often studied and effects 

were greatest in the 8th and 9th grades. Also, mathematics and the 

language arts had the greatest gains, even though both had just a 

hand full of studies centering on them. 

A search of the literature found several studies that dealt 

with a comparison of male and female reactions to cooperative 

learning. Cronwell, et. al. (1988) in their study of 28 students 

working in cooperative groups, noted that white females felt more 

positive about themselves when working in small groups, 

compared to those working in isolation. Scott and Heller (1991) 

advocate the use of group work to encourage both female and 

minority participation in the sciences. Larowitz (1991) reports that 

students who learned about mitosis in cooperative groups, 

outscored traditionally taught students by a significant margin, 

with girls in the cooperative group scoring higher than the boys. 

Iohnson and Johnson (1991) studied gifted and high ac hieving 

students. They concluded that these students should not work 

cooperatively all of the time, but should be in competitive learning 

situations and individual learning situations at least part of the 

time. Over a fifteen year period they have done nine studies which 

demonstrate that gifted students master and retain assigned 



material to a significantly higher degree in cooperative learning 

situations. They also cite a study of gifted physics students in 

which expert reasoning was used in cooperative learning 

situations while novice strategies were used in individual work 

(Johnson and Johnson, 1987). 

In general, Johnson and Johnson (1987) list five major 
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benefits of cooperative learning for gifted students: 1.) teaching of 

concepts to other students results in a higher degree of learning 

than achieved by merely studying for a test, 2.) discussing issues 

with others increases the level of cognitive reasoning, retention and 

achievement, 3.) checking explanations of others increases 

achievement, 4.) cognitive growth requires social interaction and 

an exchange of intellectual arguments and, 5.) viewing issues from 

a variety of perspectives results in higher-level thinking skills 

being developed. 

To summarize the results of all experimental field research on 

cooperative learning, Hamm and Adams (1992) list the following 

conclusions from their enormous meta-analysis: 

Cooperative learning improves academic performance among 

high and low-achieving students. 

Minority students have made consistently favorable achievement 

in cooperative classes. 

Disadvantaged students benefit significantly from collaborative 

learning techniques. 



Working in mixed-ability groups does !1.Q1 stifle individual 

initiative. 

4 1 

Cooperative learning has positive effects on students' self-esteem. 

social relations, attitudes toward mainstreamed students. and race 

relations. 

By teaching others, all students understand the material better 

than if they had studied alone. 

Cooperative learning methods have proven to be practical and 

widely accepted by teachers. 

The group process seems to assist the development of more 

mature thinkers who are able to cooperate in the acquisition and 

use of knowledge. 

Cooperative learning methods are often used by teachers to 

achieve academic and social goals simultaneously. (Slavin, 1983, 

1989, Sharan, 1980. Abraham and Campbell. 1984. Levine and 

Tractman, 1988) 

Slavin (1988) states that. when used appropriately. 

cooperative learning has the following general effects on students 

regardless of level, geographic location or subject matter. 

"Cooperative learning motivates students, .. .increases academic 

performance, ... encourages active learning ... .increases respect for 

diversity, ... promotes literacy and language skills, ... helps prepare 

student's for today's society, ... and helps improve teacher 

effectiveness. " 
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In a research-based curriculum, one should be able to derive 

many of the above mentioned effects, since by the very nature of 

collaborative scientific inquiry, research teams must work in 

tandem with other teams, as well as among themselves, to reach a 

common goal. In research-based curriculum, and in all cooperative 

learning, the students are responsible for part of their own learning 

and part of the teaching of their peers. In such as environment, the 

teacher's role is relegated to that of guide and facilitator, leaving 

the problem solving to the students' minds instead of the teacher's 

(Septien and Gallagher, 1993, Wheatley, 1991). 

Problem-Based Learning 

The call for a problem-based approach in science education to 

develop problem-solving skills of students is prevalent and clear 

(Stewart, 1982, Wavering, 1980, Champagne and Klopfer, 1977, 

Bybee, 1976). Barrows and Tamblyn (1980) insist that "learning 

from problems is a condition of human existence and .... the basic 

human process that allowed man to survive in his environment." 

Smith and Good (1984) support the idea that "there appears to be a 

consensus of opinion that the most critical educational task of 

current society must be to develop within students the ability to 

think, to solve problems." They also argue that it is now useless to 

try to teach kids facts since the information explosion will always 

outstrip our ability to cram facts into student heads fast enough to 

keep them up to date. Instead, after students leave our classrooms, 

"..... they will need to understand and apply knowledge which has 
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not even been discovered, solve problems which have not yet been 

identified." (Smith and Good, 1984) 

In Great Britain, problem solving in school science has been 

made part of the National Curriculum. Their National Curriculum 

document states that " ..... pupils should be encouraged to develop 

their investigative skills and their understanding of science through 

systematic experimentation and investigations which, by age 13, 

are to be: 

"Set with the everyday experience of pupils and in wider 
contexts, and which require the deployment of previously 
encountered concepts and their investigative skills to solve 
practical problems." 

and, by the age of 16, are to be: 

"Set in the everyday experience of pupils and in novel 
contexts, involving increasingly abstract concepts and the 
applications of knowledge, understanding and skills, where the 
pupils need to make decisions about the degree of precision and 
safe working required." (Watts and West, 1992) 

The American Association for the Advancement of Science 

(1991) in their landmark document, "Science for All Americans," 

urges teachers to develop labs and activities that (1) use real

world problems to motivate learners, (2) connect these problem 

situations to mathematical models (functions), and (3) use the 

functions developed by the labs and activities to return to and 

analyze other real-world problems (AAAS, 1991). 

Problem-based learning is defined by Engel (1982) as "a 

process of acquiring understanding, knowledge, skills and attitudes 
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in the context of an unfamiliar situation and applying such learning 

to that situation" (italics mine). So this kind of instruction does not 

consist of doing a series of plug-in. patterned textbook-type 

problems. Advocates of this type of instruction are talking about 

problems of a large and complicated nature. sometimes involving 

the students immediate environment and many times immersing 

students in a cross-curricular context. combining history. math. 

writing. and science disciplines (Wheatley. 1991. West. 1992. 

Pizzini. 1988). Wheatley (1991) agrees with this perspective when 

he says. "Favorable conditions for learning exist when a person is 

faced with a task for which no known procedure is available. That 

is. when the learner finds herself in a problematic situation." 

The word problem is also defined in the literature as " .... a set 

of circumstances in a particular setting which is new to the student. 

where the use of pattern recognition alone is insufficient. but where 

specific items of knowledge and understanding have to be applied 

in a logical analytical process in order to identify the factors 

involved and their interaction" (Walton. and Matthews. 1989). 

Gagne (1966) defines the difference between solving the typical 

classroom "problem" in science. and what Good (1984) calls the 

"exercise" of an algorithm" as ..... " an inferred change in human 

capability that results in the acquisition of a generalizable rule 

which is novel to the individual. which cannot have been 

established by direct recall, and which can manifest itself in 

applicability to the solution of a class of problems." 
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Problem-based learning has been characterized in a 2-

dimensional framework by Lock (1990). One dimension of his 

model is the continuum between classical teacher-directed and 

student-centered instruction. The other dimension is the degree of 

student or teacher control over elements in the work. This schema 

is shown in Figure 2.1 below. 

OPEN-ENDED 

D c 

TEACHER· ~'('---__ -_ B ____ ~) STUDENT-
DIRECIED CENTERED 

E 

A. 
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The table below describes some. but not all. classroom 

problem-solving situations which contain varying elements of 

teacher and student control. combined with varying degrees of 

open or closed-ended methodology. The lettered locations in Table 

2.2 have been inserted in the appropriate position in the table 

below. A description of the various classroom situations identified 

by numbers 1-7 follow the table. 

Table 2.2 - Situations with variety of teacher/student control over 
elements involved problem-solving strategies 

ELEMENTS IN 
PROB.SOL VING 2 3 4 5 6 7 

Area of Interest T T T T T T (A)S 

Statement of Problem T T T T T (B)S S 

Planning T T (C)S S S S S 

Determination of T T T (D)S S S S 
Strategy 

Carrying Out of TIS S S S S S S 
Practical Work 

Collation of Results T S S S S S S 

E val uation/Interp. T T T T (E)S S S 
of Results 

The elements of problem-solving above are not in any kind of 

specified sequential order in the table above and a variety of other 

combinations of teacher/student control are possible, but a general 

discussion can be derived by looking at this continuum. 
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Situation I - An experiment for which the answer is known. a 

proof or a confirmation exercise. Could also represent a teacher 

demonstration. 

Situation 2 - Same as I except students are given control over 

the collation of results. It might also represent some kinds of 

"guided-discovery" laboratories. 

Situation 3 - A situation in which a problem is posed to 

students and then they design and experiment to answer the 

problem. But before students are allowed to carry out the 

experiment, the teacher discusses all the possible methods and then 

the class carries out a single method agreed upon by the group. 

Situation 4 - Close to 3. except that students are allowed to 

carry out their own designs which provides a range of different 

results. some inaccurate or irrelevant to the problem being studied. 

The teacher then controls the evaluation of the results. perhaps 

redirecting some students into new strategies to derive the 

"correct" answer. 

Situation 5 - Students are given control over the 

interpretation of the results. This is a crucial step since the answer 

becomes secondary while the process of its formation becomes 

paramount. Some misunderstanding of scientific concepts may 

result in this mode of instruction. 

Situation 6 - Generally. this situation is typified by a research 

project in which the area of interest is specified by the teacher. 

After the general topic is delineated. however. the rest is up to the 
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student. The projects done by the astronomical research class used 

in this study fit in the continuum at this point. In a "true" research 

project. methodologies and evaluation strategies are governed by 

what other experts in the field deem as consistent and purposeful 

to compare to other research efforts in the area of interest. 

Situation 7 - Also a research project. students are allowed to 

identify the area of interest. develop strategies for testing. 

evaluation and the interpretation of the results. 

Wheatley (1991) proposes a simple model of constructivist 

problem solving that is interesting to compare to the traditional 

behaviorist view of learning. 

Figure 2.2 

A Different Triangle and Learning Model 

Tasks (Problems) 

Cooperative > Sharing 
Groups 
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In the behaviorist view knowledge is broken down into skills 

and subskills and doled out in chunks by the teacher who is a 

controller, the master of the curriculum and the director of 

classroom activity. Behavioral objectives are delineated by the 

teacher in order to outline for students what they will learn. Tests 

are then designed to examine student mastery of stated objectives. 

Students are seen as "sponges" in the schema, receptacles to dump 

knowledge into (Wheatley, 1991). 

Wheatley's (1991) view, shown in Figure 2 above, is a 

problem-solving continuum, a learning model with a very different 

construction and focus. 

His model is constructivist in nature. Tasks or problems 

which are given to students must have multiple answers, must 

invite students to make decisions, must encourage "what if" 

questions, and encourage student discussion. The teacher is 

removed from the center of the classroom, while the students, 

working in cooperative groups control to some degree the pace of 

the instruction and subsequent learning. In Wheatley's learning 

model, a time for reflection on the possible solutions to the problem 

is built in to the curriculum model. This "sharing time" is for 

students to present their solution methods and their insights 

concerning the problem. The presentations are given to their 

classmates, NOT the teacher. 

The sharing is designed to be a forum for students to 

construct explanations of their reasoning, refine their thinking, 
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improve communication skills. carryon a "scientific conversation. 

and deepen their understandings instead of concentrating on 

transitory memorization (Wheatley. 1991). 

Many kinds of problem-based instruction exist: 

A. Pizzini suggests that teachers allow students. after 

sufficient practice. to generate their own researchable questions. 

These questions should have a solution that is unknown to both the 

student rulil the teacher (Pizzini and Abell. 1988) These educators 

have installed a process- based. hands-on system called. "Search. 

Solve. Create. and Share" which allows students to practice their 

problem solving skills. Pizzini. Shepardson. and Abell (1989) report 

that their SSCS model enhances student attitudes towards science. 

and improves student problem solving. questioning and thinking 

skills 

B. One practitioner of student problem-based research (for 

9th and 10th grade honors biology) claims that self-paced learning 

can be done successfully with some transitory deadlines thrown in 

(Lariviere. 1988). Lariviere. who runs this program for 80 of her 

students. claims that her students will in all likelihood forget most 

of the "facts" they learn in science classroom but .... "they will never 

forget the method that they used to solve a problem of their own 

choosing. " 

C. At the Center for Problem-Based Learning. Illinois 

Mathematics and Science Academy. in Aurora. two or three day 

problem-based activities are being written for middle school 
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students. Students are presented with an ill-structured problem. 

one which has some relevance to their world, then identify what 

they need to know. then set about gathering data. interpreting their 

results in a collaborative fashion, while their teachers act as coaches 

and facilitators (Stepien and Gallager, 1993). 

The Center for Problem-Based Learning has also constructed a 

semester-long course for high school seniors which is being piloted 

in Illinois. The course focuses on unresolved science related social 

issues. One project mentioned by Septien dealt with students 

trying to determine the cause for an outbreak of twenty cases of 

pneumonia in their community of 20,000. Patient files were 

searched, community sources were consulted (including their 

teachers), laws were researched, all to help solve the problem. and 

execute a solution. In short, the students assumed the role of 

public health officials. 

Summary 

Problem-based instructional efforts have been shown to 

foster student achievement in several different cognitive areas. 

Greeno (1978) shows that when instruction. emphasizes a problem

solving approach, students achieve greater problem- solving skill 

development than students who had problem solutions 

demonstrated to them. Chiapetta and Russell (1982) found that 

their middle school students who were exposed to problem-based 

instruction had greater gains in achievement than those students in 

a lecture format. 
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Inquiry and Discovery Learning 

Scientific inquiry is considered by many to be a prime goal of 

science education not only to teach concepts and principles, but also 

to develop scientific attitudes on the part of the learner (Fowler and 

Mulopo, 1987). Many investigators use "inquiry" and "discovery" 

interchangeably, while others define inquiry as the process of doing 

what a scientist does (research) and describe discovery is a part of 

the process. It is used as a modifier, a desirable aspect of inquiry 

instruction in this study. Human inquiry often involves problem

solving as a component with discovery as a potential outcome, but 

the focus of inquiry is the challenging thought process which 

engages the student as they perform a flexible search to examine a 

concept or solve a problem (Boyd, 1972). 

A definition of inquiry/discovery learning often described in 

the literature is that of Gagne (1963), who describes it as: 

" .... a set of activities characterized by a problem-solving approach in 
which each newly encountered phenomena becomes a challenge for 
thinking. Such thinking begins with a careful set of systematic 
observations, proceeds to design the measurements required, 
clearly distinguishes between what is observed and what is 
inferred, invents interpretations which are under ideal 
circumstances brilliant leaps, but always testable, and draws 
reasonable conclusions." 

Pizzini, et. aI. (1989) states that to achieve the goal of science 

instruction based on "open-inquiry", students should have practice 

in hypotheses testing and problem-solving. This method of 

instruction provides students with opportunities to: 



1. Formulate and test hypotheses, through the testing of 

predictions 

2. Identify problems and solutions, and test the solutions 

3. Design their own procedures and analyze the process 

4. Formulate new questions based on the outcomes of 1 and 2 

5. Analyze and discuss the assumptions underlying the activity 

6. Share and discuss predictions, procedures, products, and 

solutions 

7. Develop and consider alternative predictions, procedures, 

products, and solutions 

8. Develop questions based on prior knowledge 
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9. Link their own experiences to activities and science concepts and 

principles (Pizzini, et. aI., 1989b) 

Novak (1977) describes the "Ausubelian" view of the concept 

of meaningful learning which contains several interesting 

connections between the performance of scientific research and the 

discovery learning approach in education. Ausubel's most 

important principle is, "The most important single factor influencing 

learning is what the learner already knows" (Ausubel, 1968). He 

relates rote and discovery learning on opposite end of a continuum 

and plots this continuum against one with rote and meaningful 

learning on opposing ends. Then he plots various kinds of learning 

as they relate on both continuum's. It is given below as taken from 

Novak (1977). 
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The concept of "meaningful learning" is defined by Ausubel 

(1968) as " ......... .invol ves a conscious effort on the part of the 

learner to relate new knowledge in a substantive. non-arbitrary 

way to relevant existing concepts or propositions in the learners 

cognitive structure." 

, 
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The inquiry-discovery approach has been found to be more 

suitable than traditional methods for the promoting of 

understanding about science and scientists, and for teaching 

scientific attitudes (Fowler and Mulopo, 1987, Peterson, 1977). 

Charoenpit (1979) in an extensive study, states that the students 

in his discovery approach group also demonstrated greater 

understanding of science and scientific attitudes. In general, these 

studies state that " ... open-ended, hands-on or exploratory 

instructional strategies such as discovery or inquiry are more 

effective than the traditional approaches in promoting aspects of 

scientific attitude" (Fowler and Mulopo, 1987). 

Hands-on/ Activity-Based Curriculum 

The term "hands-on" science is undoubtedly one of the most 

over-used, cliched words, in the history of science education. It's 

definition is as broad as its application in curriculum, both old and 

new. Haury and Rillero (1992) define "hands-on" as any approach 

that involves student activity and direct experience with natural 

phenomena. A more specific description of hands-on science is, 

"any .... activity that allow the student to handle, manipulate or 

observe a scientific process" (Lumpe and Oliver, 1991). 

In our nation's science classrooms, teaching by the lecture and 

discussion is still more prevalent than hands-on approaches (Weiss, 

1987). 41 % of eighth grade students in a national longitudinal 

study were reported to be in classrooms where experiments. were 

almost non-existent (National Science Board, 1991). This statistic is 
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probably a reflection of teachers' limited science background, poor 

or non-existent training with experiential teaching methods, and an 

ingrained bias towards using textbooks for instruction (Morey, 

1990) . 

The major tool of hands-on learning in science classes in the 

use of laboratory instruction (Okebukola and Ogunniyi, 1984). 

Philosophically, the goals of laboratory instruction as set forth by 

researchers like Shulman and Tamir (1973) should allow students 

to experience how a scientist works and does science. They identify 

the goals of laboratory instruction as, "1) to arouse and maintain 

interests and attitude, satisfaction, open-mindedness, and curiosity 

in science, 2) to develop creative thinking and problem-solving 

ability, 3) to promote aspects of scientific thinking and the scientific 

method, 4) to develop conceptual understanding and intellectual 

ability, and 5) to develop practical abilities, e. g., designing and 

executing investigations, observing, recording data, analyzing, and 

interpreting results." 

Hands-on science is not a modern idea. The Committee of Ten 

back in 1893 recommended , "That the study of simple phenomena 

be introduced into the elementary schools and that this study, so 

far as possible, be pursued by means of experiments carried on by 

the pupil" (National Education Association, 1893). The Committee, 

recognizing the importance of concrete experiences for students 

goes on to add, " .... the study of natural history in both the 

elementary school and the high school should be by direct 
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observational study with the specimens in the hands of the student, 

and that the in work below the high school level, no textbook 

should be used (NEA, 1893). 

In recent decades, particularly the 1960's and 1970's, 

curriculum developers promoted hands-on instruction as an 

enjoyable and effective form of learning (Hodson, 1990). These 

programs, BSCS biology, CHEM Study, PSSC physics, and IPS physical 

science, to mention a few, all centered their curriculum on 

laboratory experiences and student manipulation of apparatus, with 

varying degrees of inquiry in the lessons. The thinking is that such 

activities emulate the actual work of scientists, at least as it exists 

in the laboratory setting (Haury, 1992). And regardless of whether 

these programs were called inquiry approach, process approach, or 

problem-solving approach, each of them attempted to " ...... use 

hands-on activities to gain greater insights into the basic concepts 

of science" (Welch, 1979). 

However, most studies investigating the nature of most 

packaged lab activities find like PSSC and BSCS found that they are 

not open-ended, inquiry, or discovery oriented, instead most are 

"cookbook exercises". As George Gale describes in his book, "I Ain't 

Gonna Dry Lab No More," 

"Here is a lab full of intelligent, interested kids (in a high 
school science class), following a cookbook in order to bake 
something which hardly ever turns out. That is, the results are 
unpalatable. So, like good cooks, ..... we season to taste - adjusting 
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our results to fit what we know they are supposed to be." 

It seems that the vast majority of our science lab activities are re

discovery instead of discovery activities and fall short of achieving 

the potential for enhancing learning with understanding (Tobin and 

Gallagher, 1987). 

Novak (1988) describes the problems of "lab" instruction as 

follows, 

"The science laboratory has always been regarded as the 
place where students should learn the process of doing science. But 
summaries of research on the value of laboratory for learning 
science did not favor laboratory over lecture-demonstration .... and 
more recent studies also show an appalling lack of effectiveness of 
laboratory instruction ... Our studies showed that most students in 
laboratories gained little insight either regarding the key science 
concepts involved or toward the process of knowledge 
construction. " 

Herron (1971) investigated the laboratories in both the PSSC 

and BSCS curriculum programs and found that 75% of the lab 

activities in each program not only specified the problem and the 

correct procedures, but they also supplied the correct answers to 

the problem. Only 4% of the PSSC and 6% of the BSCS labs asked the 

students to design any procedures at all for solving a lab problem. 

Brandwein (1981) insists that most of our students in high school 

science classes do not conduct a single experiment with an 

unknown solution during an entire school year and perhaps do not 

during their entire high school career. 

So, the problems do not lie with doing activities, the problems 

lie with what type of activity is done and the kinds of questions 
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asked of students. Gallagher and Tobin (1987) suggest that 

meaningful learning ~ take place in laboratory activities if all 

students are given the opportunity to manipulate equipment and 

materials while working in cooperative groups in an environment 

in which they are free to investigate real problems of interest to 

them. He says that a crucial ingredient is, " .... to provide for each 

student opportunities to reflect on findings, clarify understandings 

and misunderstandings with peers, and consult a range of resources 

which include other students, the teacher, and books and materials. 

The teacher's most important role is to facilitate learning" 

(Gallagher and Tobin, 1987). 

Many studies exist which show the benefits of hands-on 

learning on increasing both the cognitive and process skill levels of 

students. Mattheis, and Nakayama (1988) state "Evidence clearly 

indicates that the use of hands-on activities increase the skill 

proficiency in processes of science, particularly laboratory skills, 

such as graphing and interpreting data". They also report, along 

with Brooks (1988), Saunders and Shepardson (1984) have found 

that hands-on learning increases learning and achievement in 

science content as well as processes. Bredderman (1982) reports 

that academically and economically disadvantaged students gained 

the most from hands-on activities. 

Also, of particular relevance to this study, Rowland (1990), 

Kyle, et. al. (1988, 1985), and Jaus (1977) all found that activity

based science improved students' attitudes towards science. Kyle 
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(1991) in his "S ummary of Research in Science Ed ucation", states 

firmly his view of the relationship between hands-on learning and 

students attitudes: 

"Regardless of the sub-category in which articles were placed 
in this review, one result seems to be consistently demonstrated. 
Students leave science classes with more positive attitudes about 
science (and their concepts of themselves as science participants) 
when they learn science through inductive, hands-on techniques in 
classrooms where they are encouraged by a caring adult and 
allowed to process the information they have learned with their 
peers. In addition, teaching techniques of this sort seem to be 
gender neutral." 

Studies by Schneider (1978), Marek (1978), and Schneider 

and Renner (1980) all show that gains in intellectual development 

result when students are given hands-on, activity-based instruction 

rather than traditional lecture-discussion based methods. 

The Overarchin~ Constructivist Epistemol0I:Y 

The roots of constructivism were traced back by Von 

Glaserfield (1989) to the Neapolitan philosopher Vico, who wrote a 

treatise in 1710. One of his ideas was that learners can know 

nothing but the cognitive structures they themselves have put 

together. According to Von Glaserfield, "To know" means "to know 

and to make". Vico affirms this notion by arguing that one only 

knows something when they can explain it (Yager, 1991). 

Immanuel Kant (1963) defined learning as an act of "active 

assimilation," as a process in which human beings were not passive 

recipients of information. Instead, Kant states that learners 

actively take in knowledge and connect it with previous knowledge, 
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ultimately making it their own. In recent years, this view of the 

learning process has been termed "constructivism" and has 

developed into a dominant paradigm in the field of cognitive 

psychology and education as well (Saunders, 1992). 

Von Glaserfield (1989) a leading constructivist theorist, states 

that constructivism involves two important principles: 

1. Knowledge is not passively received but is actively built 

up by the cognizing subject. 

2. The function of knowledge is adaptive and serves the 

organization of the students' experiential world, not the discovery 

of absolute truths. 

The first principle has been termed "trivial constructivism," if 

the second tenet is not accepted. The second principle asks for the 

acceptance of the fact that objective reality is impossible solely by 

human reasoning. In this light, scientific theories are seen as 

models of how the world might work. The truth is, in this view, 

beyond our powers of reasoning (Cheek, 1992). 

Other researchers have supported the constructivist view of 

learning. One of the earliest in line with present thinking was F. C. 

Bartlett, who in 1932, said that individuals did not process 

information into their memories in unaltered form, but actively 

engaged in "meaning making". His position can be summarized as 

follows: 

"Remembering is not the re-excitation of innumerable fixed, 
lifeless and fragmentary traces. It is an imaginative reconstruction, 
or construction built out of the relation of our attitude towards a 
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whole active mass of organized past reactions or experience, and to 
a little outstanding detail which commonly appears in image or in 
language form." 

One of the first efforts to present the constructivist 

perspective to the education community was Magoon (1977). He 

identified three assumptions critical to this learning theory: 

1. Human beings are "knowing beings", i. e., what they know 

has important consequences, especially as it affects behavior and 

their interpretation of actions done to or around them. 

2. The locus of control is solely within the individual, 

although environmental factors or recognition of social norms may 

constrain action. 

3. Humans develop knowledge by attending to "meanings of 

complex communications rather than the surface elements," rapidly 

organizing the observed complexity and taking on complex social 

roles or reconstructing elaborate social roles. 

Another way of saying all of this is that meaning is created in 

the mind of a student as a result of sensory interaction with their 

world. Since it is created in the mind of the learner, it cannot be 

simply placed (or shoved) there by the teacher. As Bransford, et. 

al. (1989) state, "Wisdom can't be told." 

Jean Piaget's influence in educational psychology extends to 

constructivist theory. One of his central ideas is that a constructive 

process takes place between individuals and their environment 

(Piaget, 1975). In 1989, Piaget and Garcia write, "The assimilatory 

nature of knowledge thus demands a constructivist epistemology in 
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the sense of a developmental or constructive structuralism, since to 

assimilate is to build structures." 

Resnick (1983) summarizes the Piagetian view for installing a 

constructivist model for learning: 

1. Set up an environment in which the child can interact and be 

actively engaged with things, with other children, and with adults. 

2. Promote the natural activities of children in interaction with 

their environment. 

3. Do not do too much drill and practice, as this leaves little room 

for the construction of ideas and relationships by the child. 

4. Leave room for invention and discovery. 

5. Point out contradictions and let the child work on resolving 

them. 

The implications of constructivist theory for instructional 

practice are listed by Saunders (1992). These four practices have 

been shown by research to enhance meaningful learning (Saunders, 

1992). One, hands-on laboratory experiences which are 

investigative or inquiry directed instead of "cookbook" approach. 

Two, activities which allow for active cognitive involvements such 

as thinking out loud, developing alternative hypotheses, 

interpreting data, designing experiments to test hypotheses, 

constructive arguing over results, and selecting plausible 

hypotheses from a ·.lUmber of possible ones, activate the 

constructivist learning model. Three, students benefit from 

cooperative working groups as it has been shown to stimulate a 



64 

higher degree of cognitive activity (thinking) than classical lecture 

methods. And four, tests and quizzes which require higher order 

thinking skills will push students to become more actively involved 

in their own learning. 

Yager (l992a) believes that constructivism is a much needed 

focus for reform in science education. Constructivism appears to be 

an exciting model to many groups in education which is easy and 

inexpensive to implement, and seems to connect recent research 

and exemplary practices (Y eany, 1991). In the real world of 

classroom instruction, teachers need to be exposed to this tool of 

change, so that their students can begin to alter old patterns of 

memorization, embarking instead on constructing personal 

understandings. 

Gender Equity Considerations in Science Classrooms 

"In Eureka science classes, we get to do experiments every 
day and discuss and help our peers, but in (public) school science 
you can't talk among your friends about your work or you will get 
in trouble ....... you can't experiment every day in school because you 
are supposed to have covered a certain amount of work by the end 
of the year." 

a female latina middle school student (AAUW Report, 1992) 

Such is the frustration of the many female students who 

thrive in a collaborative instructional setting yet find it difficult to 

compete with males in a traditional lecture-question answering 

format (Good and Sikes, 1973, Smith and Farina, 1984, Becker, 
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1982). Although only one of several important variables which 

effect the achievement levels of female students, the mode of 

classroom instruction seems to be vital in providing gender equity 

in our nation's classrooms (Kelly, 1987). 

Our female students are not having success in competing with 

males on standardized tests or in science classrooms where male 

aggression is rewarded by teachers while females are exposed to a 

steady stream of sex stereotypes by their teachers (Sadker, et. a1., 

1981). The gender gap extends from differences on standardized 

test scores, to participation in science activities, to choosing science 

elective classes, to differences in career selections, as females move 

from a strong interest in science in their elementary years to an 

ever diminishing interest as they reach their high school graduation 

(Steinkamp and Maehr, 1983). It appears that while the gap in 

female participation and success in mathematics compared to males 

is now practically non-existent, the gender differences in the 

physical sciences may be increasing (Linn and Hyde, 1992). Males 

are scoring 56 points above females on AP physics tests even 

though females had grades superior to those of the males. Plus, 

only 5% of 17 year-old girls compared tol0% of boys, scored at or 

above NAEP's "Highest Cognitive Level", which is defined as a 

students' ability to integrate specialized knowledge (Mullis and 

Jenkins, 1988). Gender differences in the biological sciences are on 

the decrease, measured by AP test scores and the healthy increase 
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in females in the biological and medical career fields over the past 

20 years (AAUW Report, 1992). 

Gender differences in science seem to increase steadily from 

the 3rd grade to the 12th (Harms, 1981). Females take .12 to .2 

fewer classes than their male counterparts during their high school 

careers (National Science Board, 1989, Kolstad, 1989). Also, in many 

studies, researchers report that girls do fewer numbers of science 

activities, and handle equipment such as microscopes and electrical 

meters with less frequency than their male classmates (Mullis and 

Jenkins, 1988, Kahle and Lakes, 1983). These differences mirror the 

general trend in science education for both sexes: the more science 

classes students take, the less they seem to like it (Yager and 

Penick, 1984). However, the decrease in interest is more 

pronounced in females, particularly those in high school (Williams, 

1987). Perhaps the most troubling statistic is this: given equal 

participation in physics and calculus courses, and given that 

females actually earn better grades in these courses than males, 

only 18.6% of the females choose science/engineering careers 

compared to an amazing 66% of the males (Dick and Rallis, 1992). 

Why does this happen? Certainly, the answer to this question 

is a very complex one. A major reason seems to be a matter of 

confidence. Female students have lower self-esteem than males 

and a dim view of their ability to do science. (Zimmerer and 

Bennett, 1987). This confidence gap concerning the ability to do 

mathematics and science arises even when gender groups receive 
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following: afforded response opportunities. open questioning. 

cognitive level of questioning. praise. criticism. encouragement. 

individual help. conversation and joking. In this study. all student

teacher interactions of over 5 minutes in duration occurred with 

males while males received 70% of all positive contacts that 

encouraged students in "academic abilities and pursuits" (Becker. 

1982). 

Many classroom teachers send subtle negative messages to 

female students. When teachers choose mainly boys to answer 

questions. deal with boys' questions in more detail than girls. gloss 

over or fail to mention female contributions in science. and fail to 

offer female role models. a subservient image of women is 

generated in young girls' minds (Jones and Wheatley. 1988). A 

lower degree of participation in academic question answering 

situations coupled with these cues coming from male teachers 

combine to make many high school age women less able to face 

challenging academic situations. so many opt to avoid them (Jones 

and Wheatley. 1988). In addition. girls perceive the physical 

sciences as difficult and irrelevant to their daily lives as well as 

having no bearing on their future career plans (Keys. 1978. 

Armstrong. 1980. Perl. 1982. Sherman. 1981). The research shows 

that females are more likely to abandon scientific and mathematical 

tasks because their expectation of failure is higher and their self

esteem considerably lower than males of equal ability (Eccles. 

1989). 
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A second critical factor in females' non-participation in 

physical science classes and careers is their perception of physics 

and chemistry as a strictly male domain (Fox, 1981, Curran, 1980, 

Kahle and Lakes, 1983). While female students associate biology 

with people, medicine and nurturing, physics is associated with 

motors, machines, and is deemed non-applicable to the world of the 

student. (Jones, 1987, Vockell, and Lobonc, 1981). Kelly (1987) 

found from a large number of student interviews that physics has 

an "impersonal and uncaring image". She believes that this 

difference in perception may be due to a gender difference in 

cognitive style since, -Biology is traditionally taught by more verbal 

means than physical science, and it seems to depend less on spatial 

ability - a bias which accords with girls' patterns of abilities" (Kelly, 

1987). 

Socially, there appears to be a pattern of pressure inflicted on 

girls during their childhood to be nurturing, obedient, responsible, 

and non-aggressive while males are encouraged to be aggressive, 

self-reliant and achievers (Jones, Wheatley, 1988, Levitin and 

Chananie, 1972). Girls seem to be afraid that an interest in science 

will make them appear unfeminine (Curran, 1980). Kahle and 

Lakes (1980) state that girls are expected to be emotional and 

dependent by their parents while they are encouraged not to be 

aggressive, dominant or aloof, qualities that females later associate 

with the job a scientist. 
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The most obvious reason for this perception for the 

masculinity of science are the pure statistics of men over women in 

almost every area of the science education and professional areas of 

endeavor. Only 38% of middle school science teachers. and only 

28% of high school teachers are female (Douglas. Matyas. et. al.. 

1985). Females in science careers have increased in number to 

some degree. but remains very low. moving from an 8.6% level in 

1975. to 13.6% in 1986 (National Science Board. 1987). An even 

more telling statistic: even though they comprise half of the U. S. 

work force. only 10% of our nation's engineers. and 3% of physical 

scientists are female (National Science Board. 1985). Across all 

professional science fields. women constituted only 17% of 

employed Ph.Do's. and 35% of the involuntarily unemployed Ph.D's 

in 1985 (Rubin. 1986). It also appears that male teachers teach 

most of the advanced science classes. serve as the chairmen of their 

departments. and make more money than female faculty 

counterparts (Douglas. Matyas. and Lakes. 1985). 

Kelly (1985) believes two primary factors are responsible for 

maintaining the masculine image of science. First. is that the 

"packaging" of the curriculum which assumes that the "boys 

orientation to life" is regarded as the norm as the emphasis in 

science is "on controlling nature and its apparent irrelevance to 

peoples lives" (Kelly. 1985). Second. there is " .... the nature of 

classroom interactions in the laboratory which gives scope to boys 



bravado and disdain for girls to be transformed into superior 

competence at science" (Kelly, 1985). 

7 1 

In a survey of bulletin board displays in 60 classrooms, Jones 

and Wheatley (1989) found that in 93% of the displays, males were 

the dominant figure. In another study, elementary students were 

asked to draw a picture of a scientist. Out of 4,087 pictures, only 28 

were pictures of women (Chambers, 1982). Lawrence Dean, a high 

school teacher who works at Lawrence Berkeley Lab during his 

summer vacations, reported an incident involving two female high 

school students who were doing research during the summer under 

his direction. Two of his finest students in physics the previous 

year, they were asked to write down all scientific terms and define 

them as their summer experience developed. In their summary list 

they included the word "physicist", and defined it simply as.... "a 

man." (Research Corp., 1993). 

The severe lack of female role models in science texts and 

class activities may be one of the most important factors which 

contributes to the masculine image of science and the reticence of 

females to engage in the physical sciences (Hill and Pettus, 1990). 

The AAUW Report (1992) states, "Meeting, getting to know, and 

working with scientists also reduces negative and intimidating 

stereotypes about the field. Providing students, especially girls, 

with more real-life experiences with science and scientists may 

make a big difference." 
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Actual interaction with female scientists and engineers has 

been shown to be critical for recruiting and retaining students' 

interest and participation in math and science (Malcolm and Hall, 

1976, Young, 1974). Travelling into the real world, via field trips, or 

exposing them in other ways to female role models, allows female 

students to see women scientists at work, to interact with them, 

and understand what opportunities are available for women in 

science career fields (Fox, Tobin and Young, 1981). 

Guthrie and Zusman (1982) call the use of role models " ..... a 

potentially powerful technique to influence more talented young 

women to choose to pursue science-related careers" (Smith and Erb, 

1986). Special workshops for female students (Oakland and Young, 

1982), reading stories about women in non-traditional careers 

(Greene, et. aI., 1982), and classroom visitations by women 

engineers and scientists (Work and Sloan, ,1976), have all been 

shown to be effective to both increase participants knowledge, 

interest, and also improve their attitudes towards science in 

general. Smith and Erb (1986) found that just three visits from 

female scientists, coupled with a discussion of six women who have 

made important contributions to science, resulted in increasing 

positive students' attitudes toward scientists and toward women in 

science. 

Classroom Strategies for Improving Gender Equity 

Certain instructional methodologies appear to increase science 

achievement, participation in science activities, and positive 
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attitudes towards science, for female students. Nancy 

Schniedewind (1983) suggests that five basic processes need to be 

followed to effectively engage female students in the classroom. 

They are: 1. development of and atmosphere of mutual respect, 

trust, and community in the classroom, 2. shared leadership, 3. 

cooperative learning structures, 4. integration of cognitive and 

affective learning, and 5. Action-oriented field work (Rosser, 

1986). Much of the research that follows corroborates these five 

suggestions. 

Female students respond favorably to programs where they 

can work cooperatively in a relaxed atmosphere. Providing time 

for the discussion of problems, particularly after all students have 

finished them, and allowing room in the curriculum for personal 

exploration also benefits the female learning style (Jorde and Lea, 

1987, Belenky, et. al., 1986). Lecture formats, on the other hand, 

promote male favoritism. One study found that teachers asked 

academic questions to males 80% more often that to females in 

lecture-question type classrooms (Baker, 1986). 

Hands-on instructional materials allow females more time to 

reach the expectancy level of their teacher (Kahle, 1990). Belenky, 

et. al. (1986) talk about the benefit of "connected knowing", that is, 

grounding instruction in the females' emotional experience, and 

always allowing females to express their point of view and 

individual perspectives. They also urge a collaborative approach to 

learning. 
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In fact, cooperative learning is a major suggestion in the 

research to increase female participation and interest in science. 

Designed to eliminate the negative effects of classroom competition, 

while fostering a cooperative spirit of learning, collaborative 

learning strategies are viewed as having great potential in reducing 

the gender gap between males and females in science achievement 

(Sharon, et. aI., 1980, Okebula, 1986, Blaney, 1977). 

Moreover, when cooperative instruction occurs in small 

groups, on a consistent basis, and when those groups are single

sexed, even larger gains can result in female acceptance of science 

as an enjoyable activity (Wilkinson, et. aI., 1985, Lockheed and 

Harris, 1984). It is reported that in mixed-sex groupings that males 

tend to dominate, and not communicate with the females in the 

group as a demonstration of their dominance (Berger, et. al., 1974). 

Instead of answering only to the loudest and most aggressive 

respondents in a lecture-discussion classroom, teachers are liable to 

respond to quieter female students who are interested in the 

discussion of a concept or problem when instruction takes place in 

small groups (Sadker and Sadker, 1985a) 

Linn and Hyde (1989) in their meta-analysis called, "Gender, 

Mathematics, and Science", state that classes that minimize gender 

differences are classes where, 

" ...... the behaviors of confident students are modeled and instilled in 

all participants; teaching that provides all students with feedback 

on the use of problem-solving strategies rather than memorized 
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algorithms; environments that encourage expression of ideas from 

all students. not just the most confident or aggressive; curricula 

where the relevance of learning mathematics and science is 

apparent; and classes that reward both the individual achievement 

and the cooperative behavior necessary in scientific investigations." 

Versey (1990) agrees when she insists that educators must. 

" .... change teaching approaches to those which value the experiences 

of women and girls and their varying interests ....... Put greater 

emphasis on open-ended investigations and technology tasks to 

permit greater variety and creativity in practical (lab) work ..... This 

must be done in 

a non-threatening sharing way; as we all something to give and 

learn" 

The British researcher. Judith Ramsden. lists the following 

strategies for stimulating female interest in physics: 1. The use of 

non-gender biased illustrations showing girls and women 

performing less conventional tasks. 2. Do experiments which are 

grounded in personal experience. 3. Do role playing exercises, 4. 

Have students propose solutions to open-ended problems 

(Ramsden. 1990). Grantsman (1988) states that the way to get girls 

interested in science and technology is through "amusing and 

exciting experiments". 

Research is, ideally, entirely collaborative. Nothing can be 

accomplished without consulting those who have travelled the same 

road before. Also, nothing can be accomplished without the 
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complete cooperation of your classmates, each of which may 

possess a portion of the puzzle. Research teams can be split into 

same-sex, or cross-sex groups and done in a cooperative learning 

atmosphere. Also, the absence of a lecture-call for a question 

fonnat while doing research, coupled with a total absence of 

traditional testing also fosters gender equity in the classroom. Girls 

have ample opportunity to pose questions in such an environment, 

to both the teacher and their peers. And persistence can be 

rewarded by the teacher while physical and vocal dominance of the 

male students become minimized in this type of open-ended, 

project-oriented curriculum. 

It will be clear to practicing teachers that many of the 

techniques described in this section as gender-friendly represent 

sound teaching practice for both sexes. Yet, in countless classrooms, 

teachers remain committed to instruction that is exclusively white 

male-friendly. Perhaps many are afraid, or too busy to try the 

curricular approaches or instructional techniques described in this 

paper. 

Ei2ht Exemplary Research Pro2rams in U. S. Schools 

I acquired information about student research programs from 

the literature, and from inquiries sent to the few research teachers 

I knew to exist when I started this study in May of 1993. Of all 

the programs, eight were chosen to exemplify the diversity of 

settings and methods that are used to deliver the discovery

research experience to students. Since this paper deals with a high 
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school research class. six of the eight are high school programs .. but 

I have also included two programs which deal with middle and 

elementary school research curriculum efforts. 

Program Title: Individualized Science Investigations 
Instructor(s): Lawrence D. Fauque 

School: Sunburst Schools. District #2 
P. O. Box 710 
Sunburst. Montana 58482 

This course synopsis was taken from Yager. 1993. and 

Fauque. 1983. 

The Sunburst High School research program is unusual for 

two reasons. One. Lawrence Fauque began doing research in his 

classroom over twenty years ago. during the 70-71 school year. 

Two. this program is unusual because it occurs at a high school with 

a.t.Q1al population of 100 students. with 10 to 15 juniors and seniors 

participating each year in the research program! 

Fauque runs a regular class in research during the last period 

of the day and allows students to come in during his planning 

period. before and after school. during lunch. or in the evening with 

permission of the instructor. Students even have access to the lab 

during weekends. Class size is "kept down" to 10 students because. 

"It's hard for the teacher to take more than 10 students when he 

(she) also has a normal classload" (Yager. 1993). 

Open to 11th and 12th grade students. the course is described 

by its creator as a problem-solving course in which the students 

select the problem they wish to research. contact scientists for help 
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and/or materials if possible. budget their time and resources and 

plan their own approach in a collaborative fashion with their 

teacher. Then. students design or construct their own experimental 

equipment. write a scientific paper. create a display (poster) and 

prepare an oral presentation. The end-point for students is two

pronged: they have to participate in a "scientific symposium" and 

the regional science fair at the end of the school year. 

Fauque has also introduced research in the middle school, 

where projects are performed by 8th graders to prepare them to 

do the mini-projects and short research papers required in their 

high biology classes all students take before entering the 

Individualized Science Investigations (lSI) course. 

No homework is assigned to research students. no quizzes or 

tests are taken. little group lecture is given and students have 

seven months to complete one project. although two can be 

attempted with teacher approval. Some of the students are granted 

two years to finish more complicated research efforts. 

Interaction between students and other teachers in the 

building occurs quite often. Students are required to contact 

scientists by phone. letter. and sometimes in person to assist them 

in their projects. Fauque also involves the parents whenever 

possible and asks for assistance or materials for community 

resources as well. Second year students often mentor first year 

students and assist the instructor in training neophytes to operate 

equipment like the autoclave and the millipore filtration apparatus. 
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Sample projects: study of the bacterial content of local water 

supplies, study of the nutritional habits of high school students, and 

the study of the effect of oil spill on local flora. Other projects have 

been completed in mathematics, microbiology, astronomy, botany 

genetics, zoology, and behavioral science. 

Fauque lists "the problem-solving method and 

experimentation" as two of the most important processes 

emphasized in the lSI research course. Others of importance 

include: experience in collecting and organizing information, asking 

the right questions, developing hypotheses, learning certain lab 

techniques, learning how to use different types of scientific 

equipment, graphing, statistical analysis, interpreting results, 

writing a scientific paper, constructing a display, presenting orally, 

English skills, communication skills, learning patience, 

perseverance, and how to budget one's time. 

Lawrence Fauque's efforts over the past two decades have 

earned his class the status of "Exemplary Program" by the NST A 

Center for Evaluation, Development and Research. 

Program Title: Crossroads Science Institute 
Instructor: Joe Wise 
School: Crossroads School 

Santa Monica, CA 

This program synopsis was taken from (Research Corporation, 

1993) and personal discussions with Joe Wise. 

Like several other teachers in this listing of exemplary 

research programs, Joe Wise was inspired to bring research into his 
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classroom by the excitement of discovery which he felt in his own 

research experience several summers ago. After a discussion with 

his cooperating professor from UCLA, Wise set out with ten high 

school students to build a scanning tunneling microscope in the 

summer of 1991. From these modest beginnings, Wise has 

developed a regional center for student research called the 

Crossroads Science Institute (CSI). 

CSI, located on the campus of Crossroads School, now serves 

all high schools on the west side of Los Angeles. With the STM. a 

weather monitoring lab. a molecular biology lab and soon to have 

radio telescope. the center serves 16 students per year from an 

average of five high schools. Qualified students are given a stipend 

for their work. 

The main goal of the center is to encourage participation in 

"real science" by going beyond classroom walls. Wise states that. 

"Teaching science as a collection of facts does not give students a 

feel for what it really is. Science is taking risks. not knowing 

answers, and continually asking questions." He feels that the 

community institute model makes sense in a world where many 

teachers do not understand the research process themselves and in 

the light of economic reality: it is better to pool technological 

resources so all can have access to them rather than the chosen few. 

CSI also hopes to encourage careers in science by having students 

engage in close relationships with scientists. taking students on 
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field trips to local labs and facilities, and by having students make 

presentations to local organizations. 

Wise sees the student research experience helping to eleviate 

the "intimidation factor" of science. Teachers acting as facilitators 

instead of taskmasters and having grad students and scientists 

assist students instead of evaluating them, helps relax the students 

and makes them more likely to take risks, and interact with their 

peers. 

Participating students keep individual journals as well as a 

lab journal and publish a weekly report that is sent to people on 

CSI mailing list, sponsors, and interested faculty and public 

supporters. Students can work for several years if they wish and 

can go year-round since CSI operates all summer to accommodate 

students. On Friday's during the summer session, group meetings 

are held at which an outside "expert" talks to students on a 

pertinent topic. Also, group reports are heard and critiqued, and 

plans are set for the following week. 

Some of CSI's current student experiments include: 1.) 

working with cylindrical piezos to automate the tip approach for 

the STM, 2.) developing a new base design to allow the scanning of 

liquids by the STM, and 3.) scanning HOPG graphite to calibrate the 

STM. 

Wise believes strongly in this community-based system of 

student research. He points to a strong high school-university 

cooperation as a key feature of it. A professor with a strong idea 
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for a research project that can be done on the high school level is 

seen as an important component of the model as well. Wise is 

negotiating with other area teachers to formulate a superconductor 

lab at a different high school in collaboration with UCLA or another 

local college or University using the CSI model. 

Program Title: Introduction to Scientific Research 
Instructor: Wyatt Y. McDaniel, III, and Troy D. Bridges 
School: Spartanburg High School 

Dupree Drive 
Spartanburg, S. C. 29302 

This synopsis was taken from Yager, R., (Ed.), 1993. 

The research program, begun in 1963, is run for eight weeks 

every summer at Spartanburg High School. 2300 students attend in 

grades 10 through 12, in Spartanburg, a textile community of some 

44,000 inhabitants. Each summer 12 to 24 students enroll in the 

class which emphasizes the "scientific method of problem solving 

while introducing the student to elements of research". Also 

included in the program are several visits to local research facilities 

where students can see scientists in action and have a first-hand 

look at the application of science in the real world as well as the 

difference between basic and applied research. 

Basic goals are to have students select an area of study of 

interest to them, to have them experience in personally devising 

methods to attack the solving of the problem, and do the collecting 

and analyzing of the data. The end point of the experience is for 
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fellow classmates and faculty of the high school. While engaged. 

students learn how to search the literature. and use abstracts. 

reader guides. journals. and other reference materials. 
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Once a student determines his project. they are sent to one of 

the high school labs to do the actual work. Astronomy projects go 

to the physics lab. nutrition studies to biology, and so on, fitting 

project to discipline as closely as possible. All students meet in a 

central area for a meeting-exchange period which lasts 15 to 90 

minutes. General research principles. films (like "Search for 

Solutions"), and planning is done during this period. after which 

students go to their lab stations for the remainder of the day. 

Although students are required to put in 120 hours in the eight 

week period, McDaniel and bridges report that many students 

spend well over 200 hours completing their projects. Faculty 

members are in the lab from 8:30 am to 4:30 pm. Students plan 

and budget their own time, and submit daily schedules to their 

ins truc tors. 

An important facet of the program is student exposure to 

scientists and science facilities. Students spend several days in 

local college libraries searching the literature then go to Clemson 

University to use their more extensive collection of research 

abstracts and journals. Four field trips were listed by the 

instructors which are attended by all of the research students. 
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Outside speakers are also brought in to talk about the 

excitement of the research and to instruct students concerning the 

nature of their research area. During the last week of the program, 

students give oral presentations which are videotaped for later use. 

Students keep a lab notebook in which they keep a record of their 

daily activities, lecture notes, unsolved problems, and "library 

notes", which is a list of their references, abstracts, and such, as 

they discover them in the libraries which they travel to. 

Evaluation of the students is based on their notebooks, 

written and oral reports, and "the students' scientific attitude, 

including interest, ability to organize and carry through with work 

goals, creativity, curiosity and understanding, and applying 

scientific principles." No homework, cognitive or process tests are 

given to the students. 

Some of the typical projects include; the effect of color on 

attracting Japanese beetles, aspects of juvenile diabetes, and the 

nutrient value of certain things (?) in the diet of rats. 

This program was named an "Exemplary Program in Science 

Education" by the NSTA Center for Evaluation. Development and 

Research. 

Program Title: Research Across the Science Curriculum 
Instructor(s): Dr. Bill Lamb plus the entire science 

faculty 
School: Oregon Episcopal School 
This summary taken from Lamb, 1993. 



85 

Bill Lamb developed a school-wide research program about 

15 years ago. It is unusual one in that each student must complete 

a sophisticated research project in ~ of their science courses, 

starting with freshman biology, physics or honors physics. 

Although these projects increase in complexity as students travel 

through their four-year science sequence, they all have the 

following features: 1) Students do a library research review, 2) 

Students develop an experimental design and work in group of 2 to 

4 stiJdents, although some individual projects are allowed, 3) 

Students keep a log that includes their observations, data, and 

experimental procedures, 4) All students must give a formal 10 to 

12 minute talk at a school sponsored science symposium (other 

schools attend and also contribute student talks), write a formal 

paper with appropriate references, and exhibit their work at a 

school science fair. They are also encouraged to enter regional 

science fairs and the Junior Science Science and Humanities 

Symposium. 

The founder of this research program states, "We (the faculty 

of Oregon Episcopal School) believe that science is about what 

scientists do, and how scientific is applied, as much as about what 

scientific information is". They back up their statement by offering 

an opportunity for students to go through a sequential research 

experience, which carries them from simple projects as freshman to 

systematically more mathematically and philosophically more 

difficult projects as seniors. 

---_._--- .. _-_._. 
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Freshman Year (biology, physics, honors physics) - Most of 

the teachers require students to do discipline-related projects, 

although in 1994 the physics students will be able to go outside of 

physics and do astronomy-related or other physics associated ones. 

The emphasis in freshman year is to develop skill in experimental 

design. During students first year projects, they are taught how to 

use the Reader's guide, Wilson indexes, and are introduced to on

line searches with Dialogue. Many of the biology projects are field 

investigations using the stream/wetlands area which is situated on 

their campus. Many of the physics projects are closer to being 

engineering projects than true science research. 

Sophomore year (physics, honors physics, honors chemistry) -

Second year emphasis is on quantitative data gathering for 

hypothesis testing, and developing and learning how to use 

instrumentation. Students can continue their freshman projects or 

begin new ones. Library use is expanded to include Chern 

Abstracts, Science Citation Index so that papers can contain a short 

review of research related to the students' topics. Most sophomore 

projects involve statistical analysis using time-series analysis, t

test, ANOV A, Chi-Square, correlation coefficients, along with 

probability and confidence interval statements. Data analysis is 

designed to overlap with the students mathematics coursework. 

Junior year (Chern Com, honors Biology, advanced physics in 

alternate years) - The Honors Biology does a class project that uses 

modern biochemical techniques (e.g. protein extraction, separation, 
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and purification, DNA/RNA/protein gel electrophoresis) to examine 

environmental research questions. An example of a typical project: 

Are there any biochemical differences between members of the 

same species of faculative wetlands plant when they grow in wet 

and dry conditions? 

The Chern Com class investigates the water quality of the 

stream and wetland each year. They have been investigating the 

effects on lawn chemical runoff and infiltration effects of water 

draining from a nearby neighborhood into the wetlands. 

Students choose whether their advanced physics course is an 

AP or "advanced topics" course. If it is to be advanced topics, then 

students work as a class on a physics related research project. Last 

time Dr. Lamb taught this class, the class synthesized high 

temperature ceramic superconductors and measured their critical 

temperatures. Other groups of students handled the synthesizing of 

different category recipes and proposed substitute superconductor 

constituents. 

Senior year (same courses as for juniors plus 

Wetiands/Riparian Ecology) - The wetlands ecology students are 

responsible for turning their investigations of the campus wetlands 

into instructional material for elementary students, and into 

videotapes for Public Access television. The class is also the 

custodian of a continuous data base kept for the wetlands region 

that is added to each year by students who do experiments relating 

to it. The major theme of the class is that to under an ecosystem, it 
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must be studied over a significant period of time, and not be given 

a cursory one semester peek, as most student projects do. Dr. 

Lamb's all-time favorite project: "A project by a group of students 

who used colored ping pong balls and camera's in model rockets to 

trace the flow of currents in the large wetlands pond and to 

identify the active underwater springs that feed the pond" (Lamb, 

1993 ). 

In addition to this four-year sequence of research, a separate 

research class has been established in which students can go above 

and beyond the sequence described above. "Hot-track" freshman 

can apply as well as upper classmen who wish further 

concentration. The class meets for two 90 minute periods per week 

during students activity periods. Upperclassmen are given work 

space and more or less left to their own devices. 

Instead of relying on a nearby university library, Oregon 

Episcopal has had the money to develop their own research 

resources on site. The library houses many specialty books plus 

journal such as "Science", "Nature", "ChemTech", "Accounts of 

Chemical Research", "American Journal of Physics", "Bioscience", and 

others. 

All the research projects are integrated in to the normal 

coursework and little "deformation" of the curriculum occurs 

because of the research focus. All of the course offerings stress the 

STS connections and they even have a course entitled, "The Impact 

of Science and Technology on Society." Dr. Lamb reports that tests 
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such as the AP series, and others published by NST A, indicate that 

Oregon Episcopal students pick up the content pretty well, even 

with the strong emphasis given on "doing science" and social issues. 

In summary, the research program at Oregon Episcopal is 

designed to introduce the world of scientific research in a 

progressive fashion over a four-year time span. In Dr. Lamb's 

words all of this schools' courses, ..... "are permeated with the 

assumption that research and development is what scientists do, 

that finding out how the world works is really interesting." 

Program Title: Cheche Konnen 
Instructor(s): Beth Warren, Ann S. Rosenbery (principal 

investigators) 
School: Several Boston are middle schools 

c/o Technical Education Research Center (TERC) 
2067 Massachusetts Ave. 
Cambridge, MA 02140 

This summary was taken from Warren, Rosenbery (1991). 

This collaborative scientific inquiry program was formulated 

as part of the U. S. Dept. of Education's effort to target literacy 

instruction, science/math education, dropout prevention, and the 

instruction of exceptional students. The Dept. of Education 

contracted Development Associates, Inc. of Arlington, Virginia to 

direct a comprehensive approach to these target areas, called the 

Innovative Approaches Research Project (IARP). One of IARP's 

aims was to develop a research and demonstration project which 

would involve K-8 students in doing science in order to "actively 

construct scientific understandings through collaborative, 



interdisciplinary investigations of problems the students 

themselves identify." (Warren and Rosenbery, 1991) 

Chech Konnen is Haitian Creole for "search for knowledge". 
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The authors tested their investigation-based approach to science 

instruction in two schools: a combination elementary-middle 

school which houses the Haitian Creole bilingual program for the 

greater Boston area, and a public high school. The elementary 

school, a site for alternative instruction, is much more open to 

innovative, open-ended, inquiry-based education than traditional 

schools in the area according to Rosenbery and Warren. A high 

school "Basic Skills" class, and a combination 7th and 8th grade 

class participated in the study, along with two kindergartens (one 

bilingual, one mainstream), a combined 1-2, and a combined 3-4, a 

total of 145 students and six teachers. 

The goal of the project is for students at all different levels to 

develop scientific ways of thinking, talking, and acting. In practice, 

the authors wished to involve language minority students in posing 

their own questions concerning problems in their environment, 

collaboratively plan and implement methods to explore the 

question, then have them collect, analyze and interpret their data. 

Then, students were encouraged to build or revise theories, draw 

their own conclusions, and make decisions based on their research. 

Warren insists that the classroom need to be made into a 

community of scientists where the teacher does not impart facts 

("sage on the stage") but instead guides and assists students in 
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constructing scientific understandings ("guide on the side"). 

this. scientific investigations need to have a central role in 

classroom life. 

To do 

The students conducted five investigations in four subject 

areas: water quality. plant growth. human physiology. and 

weather. The high school group studied the ecology of a local pond. 

mapping it. doing temperature and air profiles. and also measured 

salinity. turbidity. and pH over an extended period of time. The 

students eventually produced a "field guide" for the pond. 

Students kept lab notebooks. recording their observations. 

data and comments on experimental design. Evaluation consisted of 

examining the notebooks. having conferences to assess degree of 

participation. and the quality of the produced work. None of the 

teacher did any conventional testing. insisting instead that their 

students should be assessed by looking at their progress towards 

the goal of thinking like a scientist and their understanding of the 

knowledge they are constructing during their investigations. 

Program Title: National Student Research Center (NSRC) 
Instructor(s): Director - Dr. John Swang 
School: Mandeville Middle School 

2525 Soult St. 
Mandeville. LA 70448 

This summary taken from (Swang. 1993a. 1993b) 

The instructional approach of NSRC is a high technology. 

student-centered and uses computer technology and extensive use 

of electronic communication to provide students with a research 
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grade, and the number of projects completed by students under 

Swangs' direction number over 1500. 

Swang states that his approach to instruction emphasizes: 

- hands-on and inquiry learning in cooperative research 

teams, 
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- authentic instruction in higher order thinking and process 

skills via the use of scientific methods in ongoing student research 

in all areas across the curriculum, 

problem-solving within a societal context. 

- the integration of science with all other curriculum areas. 

- the use of high technologies such as computers. CD-ROM and 

laser-disk players. and telecomputing networks. and 

- the regular publication and circulation of student research 

in printed and electronic journals of student research (Swang. 

1993). 

NSRC facilitates the formation of Student Research Centers 

across the country. Over 630 schools from across the United States 

and 10 foreign countries have requested information on the NSRC 

curricular methodology. and many have contributed papers and 

abstracts to NSRC printed and electronic journal which is 

maintained in NSRC's Electronic Library on American Online which 

is accessible to all interested teachers. NSRC also facilitates .... "an 

international Electronic School District where students from distant 

schools have the opportunity to participate in cooperative student 
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research teams and interschool research projects, exchange 

scientific data, query a support team of professionals about their 

topics of study, and send research abstracts to the NSRC for 

publication in its electronic journals and databases of student 

research. " 

The NSRC focuses on the students' discovering knowledge 

rather than having them memorize textbooks. Some of their 

educational objectives include: 

1.) Increase scientific literacy inn all students regardless of their 

sex, cultural, ethnic or economic background, but especially in 

female, handicapped, disadvantaged, and at-risk students by 

requiring all students to work in heterogeneous cooperative 

research teams. 

2.) Increase the utilization of the scientific methods by encouraging 

all students to conduct ongoing scientific research projects exploring 

concepts, topics, issues, themes, and problems throughout the school 

year. 

3.) Improve science process skills and higher order thinking skills. 

4.) Provide significant motivation for student scholarship by 

publishing and widely circulating scientific journals of student 

research on a regular basis. 

5.) Improve computer skills by requiring students to use the 

personal computer in the writing and editing of their research. 

6.) Improve mathematical skills by requiring students to use 

random sampling techniques in collecting survey data, and simple 



94 

statistics, percents, averages, frequency counts, charts, and graphs 

in the analysis of their data. 

7.) Improve library research skills by requiring a comprehensive 

review of the literature as part of all scientific research projects. 

8.) Improve communication skills by requiring students to work in 

cooperative research teams and to make formal presentations of 

their completed research projects to a school audience which are 

videotaped for studentlteacher evaluation at a later date. 

9.) Create more positive attitudes about science and careers in 

scientific professions by exposing students to meaningful, 

enjoyable, and successful scientific research learning experiences. 

10.) Encourage students to become active change agents for the 

betterment of the quality of life by providing authentic 

opportunities for the scientific study and creative solving of 

problems affecting their community and world." (Swang, 1993b) 

Dr. Swang insists on a fairly ordered methodology which 

begins with the formation of cooperative research teams of two to 

four members from different schools utilizing the NSRC Electronic 

School District (their email network). The teams then write a 

research contract specifying timelines for completion, write a 

statement of purpose, and do a review of the literature. 

Afterwards, students develop their own methodology develop 

working hypotheses and generally work three or four weeks on 

their projects. After analyzing their data (always in computer 

graph format), a summary and conclusion is written. Next, students 
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form a "student action committee" to apply what they have learned 

to their environment or to other concepts or problems they've 

encountered in their classes. 

Students cannot fail research. They are graded on a 

videotaped presentation they make of their research results, the 

abstract they write for publication in local journals and their 

electronic journal, and an "exhibit portfolio" (contracts, notes, 

review of the literature cards, data collected, etc.). A performance 

assessment is made with each student including a self-assessment 

as well. 

Dr. Swang has tested many of his students to see if his 

approach to research-based approach to learning increases student' 

cognitive abilities. He found that the treatment groups (research 

oriented) demonstrated consistently greater growth in cognitive 

ability than his control groups. 

In my search for broad-based classroom research efforts, 

NSRC appears to be on of the leaders in promoting K through 8 

science research. Their high tech approach is futuristic and, at the 

very least, a clear demonstration that the NSRC model can work for 

a multitude of sites which all have students interested in doing 

"real science." 

Program Title: "Center for Scientific Field Studies" 
Advanced Biology 3-4: Wilderness Survival - An 
Independent Field Research Project for Students 
Instructor: John M. Trimble 
School: Corona del Sol High School 



1001 E. Knox Rd. 
Tempe. AZ 85284 
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Information for this synopsis was taken from (Yager. 1993). 

The research-based program has some really unique features. 

Mike Trimble. who started this program in 1981. has his students 

do a "field practicum" as a prerequisite to student research. The 

practicum is a 24 hour wilderness survival experience. in which 

students "solo" in the field with only a one-pound homemade 

survival kit. Students are required to build a shelter. maintain a 

flint-started fire. construct a solar still. perform a list of observation 

exercises and complete a journal. 

After this experience, students in his three honors sections 

(upwards of 90 students per year) are trained to do a field 

investigation. Each student must initiate an idea for an experiment, 

plan its execution, implement procedures for data gathering, 

document their study in a publishable format, and orally defend 

their investigations. Topics for research must come from one of 

three areas, density distribution of plants or animals, human impact 

on the desert environment, or animal behavior. Local and regional 

ecological issues are discussed and studied. Global issues are 

addressed and highlighted by an oceanographic field trip to 

California which includes skin diving and whale watching. 

Trimble's curriculum is based on the idea that the science of 

biology does not consist of memorizing 10,000 facts and vocabulary 

words. Instead, the reality of biology is, " ....... becoming an active 
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participant in the arena of life - relishing the adventure and spirit 

of scientific inquiry. Problems are presented for solving rather 

than learning though physical. mental, and emotional challenges . 

........ The rewards include greater self-confidence, initiative, a hunger 

for new opportunities for problem solving, and development of life

long values" (Yager, 1993) 

Projects are done in research teams. Each individual in the 

team is given a specific role and task concerning the project. 

Students are given the time to "practice science" through their 

studies of the desert ecosystem or the commercial development of 

it. They are given the opportunity to work on real problems, 

performing studies to arrive at possible answers to their problem. 

Students use a multi-disciplinary approach and use community 

resources extensively. Students are evaluated on their level of 

higher level thinking, attitudes and values, oral and written 

communication skills, content, and laboratory and field techniques. 

For the research aspect of his course, Trimble requires a written 

report, an oral defense, and participation in the Arizona-Nevada 

Junior Academy of Science Symposium. 

By having his students deal with the problems inherent in an 

ecosystem being invaded by the constructs of man, Trimble 

grounds his students' instruction in the realm of authentic learning 

with a deep recognition of the relationships between science, 

technology, and society. 
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The research and honors biology course was selected by 

NST A as one of the top science programs in the nation. 
Westinghouse Science Talent Search Research Program 
Stuyvesant High School 
Manhattan, N. Y. 
Instructor: Richard Plass, and three other teachers 

Source: Berger, J., 1994, "Sweet Inspiration", Teacher, Jan. 94, p. 32. 

Stuyvesant High School is a highly selective school. Choosing 

only 501 students out of 9,445 applicants, this science magnet 

school enrolls the very best minds and the most highly motivated 

students in New York City. 60% of Stuyvesant's students graduate 

with a GPA of over 90%. The school does compete with Bronx 

Science High School for their students, but evidently Stuyvesants' 

comprehensive research approach has moved it ahead of Bronx 

Science in terms of awards and honors for their students. 

Stuyvesant High had four of the forty winners, and 29 semi

finalists (170 students from Stuyvesant submitted entrys!) in the 

1992 Westinghouse Science Talent Search Contest. The school has 

produced 202 semi-finalists, more than any other high school in the 

United States. Richard Plass is responsible for this avalanche of 

awards as he has instituted a four-year research model that utilizes 

two dozen of the nation's finest scientific and medical research 

centers and the New York City subway system to transport students 

to the labs. 

The "simple" secret of the school's phenomenal success in the 

Talent Search is immersion of their students in research at an early 
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age. Seventy students in two classes take freshman research 

biology in addition to the normal 6 class periods of biology which 

also has a two hour lab component. The research course is called 

"Creature Features", as the focus of the course is to produce an 

experimental design which uses a simple animal subject: fruit flies. 

daphnia (water fleas), paramecium, red bacteria. and slime mold to 

mention a few. Students test the effects on the "creature" of a drug 

like caffeine. sugar, aspirin, or test a physical phenomenon such as 

temperature, ultraviolet light, or pH. Plass' students do not work in 

isolation, however. Student committees are formed such as 

paramecia committees, fruit fly committees, and psychology 

committees so students can interact and share their results. 

Plass offers a reason why research is so seductive to students. 

Published in a booklet called "Creature Features", he says, 

"You will learn about yourself and your ability to do 
independent work out of the classroom. You will get sudden flashes 
of insight, invent shortcuts, design new techniques, and most 
exciting of all, perhaps be the only person in the entire world to 
ever observe some peculiar event happening on your microscope 
slide. This always happens, by the way, when the lab is empty and 
there is no one about to share the experience with. It will be the 
most brilliant, self-satisfying, and mature experience that will ever 
happen to you. You will walk through your school proud of 
yourself, with a secret you cannot explain to "ordinary" students 
because you are not sure they could really understand or 
appreciate the extraordinary concentration, dedication, and 
determination you have undergone. 

Your student science research instructor, though, will break 
out into a gigantic Cheshire cat grin and simply say, "Where do we 
go from here?" 
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At the end of their freshman year, all of the research students 

do a written report of their findings, complete with an abstract and 

a rudimentary review of the literature. Then they must deliver a 5 

or 6 minute oral presentation with a graphic or slide show 

component. 

Sophomore year finds many Stuyvesant students in a 

chemistry research program. When they reach their third year, a 

"Junior" Research Class is offered, which is known to students as the 

"Westinghouse" class. The junior science curriculum includes 

separate classes of biology, physics, chemistry, mathematics, and 

psychology research. In each of these classes, students are paired 

with working scientists in a lab or University setting. As a test of 

maturity, students are asked to seek out their own mentors, who 

are working in an research area of interest to the student. In 

Manhattan and its environs, it is not difficult for students to travel 

by public transportation to facilities like Brookhaven National 

Laboratory, Mt. Sinai Hospital, Sloan-Kettering Institute for Cancer 

Research, and St. John's University. Stuyvesant High School has 

very little modern equipment to do research with, thus the 

emphasis on using community resources. 

These research classes are open to all students, regardless of 

whether they have gone through the "Creature Features" program. 

As juniors, students are expected to spend 6 hours per week 

working with their mentor at the lab or University facility. The 

research class itself only meets once a week, as a seminar. 
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The other four periods, the research teachers sit in their 

offices and wait for students to come in and ask questions. Richard 

Plass, the biology teacher only teaches one section of research 

biology, plus one seminar, but he oversees 150 separate research 

projects as a facilitator, trouble-shooter, and proof-reader. Believe 

it or not, Plass is also an assistant principal and science department 

chairman at Stuyvesant High School. 

In the middle of the Junior Research experience most of the 

students start their Westinghouse project which carries them 

through their senior year. Students are told that they cannot fail, 

but if they want a grade a progress report needs to be given in 

January of junior year and a more extensive report in June which 

the teachers read over the summer and mail back to the students. 

During their senior year, students spend one afternoon with 

their teachers "honing" their papers. Plass insists that, "I don't 

teach kids how to do research, I teach them how to write a paper. I 

can tell by Gestalt if a kid is headed in the right direction. I know 

how to speak the language." Plass freely admits to never having 

"done science" himself. 

Plass also says that for students entering contests is 

important because competition is part of the science process. 

Scientists compete for publication in academic journals, and 

recognition in the academic world. Students should experience this 

part of the science experience as well. But, Plass is adamant in 

saying that this is not the reason that starting research programs in 
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students, 
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"These are scientists. These are kids who may want science 
for a career. Chalk and talk is no good. Go out and do what science 
is. Science is doing things in an experimental form. We can't do 
that here. So we put them out there to do it instead. They are 
learning how to be a young adult. Being mature, being responsible, 
dealing with brilliant adults. Keeping things alive. Using thousands 
of dollars of equipment and being responsible for that. Learning 
library skills, writing skills. Kids whose goal is to be a scientist, 
they're writing scientific papers right now, at 17 years old. They 
have a skill built in as an ability that you'd have to wait for until 
graduate school to be taught." 

Summary 

This chapter presented a review of the literature related to 

the pedagogical components of research-based education; authentic 

learning, cooperative learning, problem-based learning, 

inquiry/discovery learning, and hands-on/activity-based learning. 

Next, the overarching epistemology of constructivism was described 

followed by a discussion of gender equity in science classrooms and 

a review of gender friendly practices relating to the practical and 

cognitive research outlined in the first five sections of the review. 

Then a description of seven science research programs in 

operation in U. S. schools was given to illustrate the various models 

available for teachers wishing to implement research-based 

learning in their schools. 



CHAPTER THREE - RESEARCH CONTEXT AND PROCEDURES 

Qu,anization of Chapter 3 

Chapter 3 describes the context of the research study. 

beginning with the demographics and characteristics of the 

educational setting, the structure of the research and control 

classrooms involved in this research. A brief description of the 

respective curricula and teaching approach is given. 
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An analysis of the students in the study is given next. with 

their ethnic and gender percentages described. as well as their 

degree of previous success in their previous science and 

mathematics classes. 

To give the scientific context of the study, a description of the 

two projects completed by the astronomical research class is given. 

Several types of quantitative and qualitative data will be 

used to evaluate the research questions. 

with the procedures used to collect them. 

These are delineated along 

Proposed methods of 

analysis of these instruments follows to conclude the chapter. 

RESEARCH CONTEXT 

The School District 

The subjects for this study were drawn from a single high 

school (called Cottonwood High School in this study) within a large 

school district in the state of Arizona. This district has over 56,000 

students K-12 attending its schools, 14,726 students (92-93 school 

year) of whom attend ten high schools. Minority populations in 
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this district's high schools include 36% Hispanic, 6% African

American, 3% Native American, and 3% Asian American ( School 

Profile, 1993). The student to teacher ratio for the district is 17 to 

I, while a large proportion, 35%, of our students qualify for 

free/reduced lunch program. 

Cottonwood High School 

Cottonwood High School is classified by most as a suburban, 

middle-class, mostly white, high school. It is located on the east 

side of a large city with a population of about 500,000, and is 

presently in the process of many changes in student population as 

the geographical center of the city moves steadily in its direction. 

With an enrollment of some 1700 students, the population has 

decreased steadily since the "boom" days of the middle and late 

seventies when 2400 students were housed in their classrooms. 

The minority population has b~en increasing each year, reaching 

their present levels of 11 % Hispanic, 5% African-American, 2% 

Asian- American, and 1 % Native American, which is less than half 

of the district average enrollment. Cottonwood's student-teacher 

ratio (20.4 to 1) is higher than the district norm (17.0 to 1), but the 

number of students who qualify for the free/reduced lunch 

program is considerably less the district average, at 10% compared 

to the 35% figure listed above. Eight-one teachers work at 

Cottonwood, which is staffed by four administrators, twenty teacher 

aides, and thirty-five clerical staff. The average experience of the 
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t~achers is a hefty 17.3 years, with 72% of the them possessing a 

Masters or higher degree ( School Profile, 1993). 

The science department at Cottonwood offers biology to all 

incoming freshman students. About 60% of sophomores take 

chemistry, while most of the remaining students take ecological 

systems. No physical or earth science classes are offered. Physics 

is taken by 120 students, while several electives are available for 

upperclassmen. Advanced biology is offered, as is astronomy, and 

two classes of research, one of these is the astronomy research class 

this study is based on, while the other is an environmental 

chemistry class offered by an experienced teacher on the science 

staff. 

Astronomical Research Class Structure (treatment) 

The astronomical research class at Cottonwood High School 

meets before school starts ("zero period") on Monday, Tuesday and 

Friday. Bus passes and a copy card are given to each student so that 

they can travel to local university facilities and libraries each week 

for two to three hours. The single goal of the classroom instruction 

is to d.Q. science and model the science process from the genesis of 

the research question to the publishing of the results, all of which is 

done in collaboration with practicing scientists. Student's receive 

data and advice from a mentor scientist on some projects, while 

student's take their own data when feasible and practical for others 

projects. Mentor scientists visit the classroom both before and 

after the completion of each project. Students do a search of the 
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literature, collate and analyze data, working to produce a finished 

paper or part of paper if a group effort is attempted. 

Field trips are taken to; 1) University facilities/libraries; 2) 

Major telescopes in our area as an example of how astronomical 

data is taken; 3) A conference such as the Lunar and Planetary 

Science Conference to present research results; and 4) A weekend 

trip to a research quality telescope so students can become 

astronomers, and take pictures and data for an entire night just as 

the professionals do. 

For the Cottonwood Research Students (CRS's). the research 

experience alleviates a lot of the pressures of the traditional science 

classroom. 

- No grade pressure. The only grades are given. A • B. C or I. 

since there is no such beast as "right" or "wrong" research. just solid 

or not so solid efforts. In this class. students are graded on the 

completion of a journal which describes their research procedures. 

class notes. a listing of time spent at various libraries and facilities. 

as well as their thoughts about science and research. When an 

incomplete is given to a student when one of the above is not 

turned in on time. and a C is given after the student hands is their 

work. - No grade competition. Unlike many traditional classrooms. 

there is no class curve. nor class "curve breakers". Teamwork is 

enhanced. rather than subdued by the fear of boosting someone 

else's grade at the expense of your own. Since all of their research 

projects have a similar subject matter base but completely different 
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data sets, cheating becomes impossible, while working 

collaboratively becomes a necessary avenue for the understanding 

of mutual problems. 

No time constraints. No longer do students have to complete a 

lab or a problem or a homework assignment in 45 minutes and 

then rush on to the next one, only to forget what they have learned 

the previous day. Several students have claimed that their 

research experience gave them their very first opportunity to sit 

down and think about something in real depth. 

- No test anxiety. There are no tests, quizzes, or other types of 

evaluation which tend to pressure students to memorize, cheat, or 

give up trying because they haven't had time to study. 

Lectures are given, about 30 minutes in duration, three times 

per week for the first 6 to 9 weeks each semester to go over 

material that is necessary to understand the research problem. No 

attempt is made to be "comprehensive" in the study of astronomy. 

If our project involves Venus, we don't discuss the outer planets in 

any detail at all. Instead, the Earth and its geology are studied to 

compare to the geology of Venus. Students in group projects, where 

class data is being collected, are required to give a 10 to 15 minute 

presentation, using overhead transparencies or slides, on a topic 

associated with the research project. For the Venus project, topics 

included resurfacing theories, history of the Magellan mission, 

nature of Coronae, and nature of earth volcanism. Copies of all 

overheads were distributed to the entire class and were kept for 
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future reference. In this way, the students were made responsible 

for a part of the teaching of the class. See Appendix 3 for a sample 

class syllabus. 

Some of the other class periods are used to instruct students 

on the computer programs used in each project (Voyager, 

Kaliedagraph, Image 1.49 PDS), how to use CD-ROM's, the Laser 

Printer, and the scanner when necessary. The rest of the periods 

are used for small group or individual work on the computers or for 

consultation with the instructor. 

The Cottonwood Physics Class - Control Group 

The control group was a Junior-Senior college prep physics 

class, which followed a fairly standard survey curriculum. Tests 

and quizzes were given at regular intervals and a high school 

textbook was used as a reference and source for about 70% of the 

problems sets assigned to the class. The remaining problems were 

assembled from various sources by the teacher. 

The physics course at Sahuaro is very much "lab-based" with 

half of the lab activities coming from Merrill's "Principles and 

Problems" Lab book, and the other half being gleaned from various 

sources, some of these written by the instructor. Labs comprise one 

half of the grade earned by the students. 

Topics covered are, in sequence, math skills, density, 

kinematics, dynamics, energy, power, thermodynamics, sound, 

optics, electricity/circuits, and modern physics (nuclear, quantum, 
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relativity). Some units. particularly electricity. are diminished in 

scope to accommodate a full nine weeks of modern physics. 

Some of the "special projects" incorporated in the lab program 

include two image processing exercises. calculating power 

consumption for all home appliances. designing your own A-bomb. 

golf ball physics. and some work with Interactive Physics software. 

The "Mechanical Universe" tapes. "Physics Encyclopedia" videodiscs. 

and the "Physics of Spaceflight videotapes are used frequently and 

have now replaced traditional 16 mm movies in this classroom. 

No attempt is made in the physics class to attempt an actual 

research project. Careers in science are discussed however. and 

several former students in science and engineering come in to 

present a description of what they do via slides and videotapes. 

Speakers (recruiters) from the U. S. Navy's Nuclear Program also 

give a presentation in the spring on the uses of nuclear energy in 

the mili tary. 

THE SAMPLE 

Treatment 

The astronomical research class during the 92-93 school year 

numbered 25 students. with 15 senior, 6 junior, and 4 sophomore's. 

Of these, 84% were white, 8% African-American, 4% Hispanic, and 

4% oriental ethnicities. The grades of these students for their 

previous year's mathematics and science courses were computed. 

The class averaged 2.6 (on a four point scale) in math, with girls 

having a GPA of 2.7 and boys a 2.6. In science, the group averaged 
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3.1 with girls having a GPA of 3.4 and boys a 2.7. Only five of the 

students came into the class with A's in both their previous math 

and science classes while four had C's or worse in both of these 

subjects. By gender, 36% of the class was male, while 64% was 

female. 

Control 

The second period physics class during the 92-93 school year 

numbered 26 ~tudents, with 19 senior and 7 junior students. Of 

these, 76% were white, 16% Hispanic, 4% black and 4% oriental 

ethnicities. The previous year's grades in mathematics averaged 

3.0 for the control group, with both males and females having 3.0 

GPA's. Science grades the previous year averaged 3.2, with females 

having a 3.3 compared to a 3.1 GPA for the males. By gender, 62% 

of this class was male, while 38% was female. 

THE STUDENT RESEARCH PROJECTS 

Characteristics of Research Class Projects 

To insure a successful research experience for high school 

students, great care needs to be taken when choosing projects for 

them to do (West, 1992). A good project for a whole class of 

students has the following characteristics (taken from Swain, 1991, 

Pizzini, 1988, 1989, Osborne and Freyberg, 1985, West, 1992, 

Lockwood, 1991): 

1. Ideas for research projects are best formulated in a 

conference between the high school teacher and a mentor scientist. 
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Both of the projects described herein were created in such a way, 

with one deliberately associated with, or spun off from, the work of 

the mentor. The mentor's advice is vital in focusing the scope of 

the project, defining the limits of it, and helping the teacher 

understand the methodology. In turn, the high school teacher, after 

comprehending the methodology can then decide on the feasibility 

of the project based on his or her knowledge of a high school 

students' conceptual, emotional, and mathematical capabilities. 

2. Projects need to have a copious amount of data to keep a 

student busy for a whole semester (18 weeks). An average student 

was able to do a variable star project which involved plotting over 

a thousand data points on a series of six graphs. Counting volcanic 

cones on Venus, some research teams (2 students) measured 

binned, and located over a thousand individual cones in the 56 one 

megabyte images which comprised the teams' Venus-Magellan CD

ROM data set. 

3. The math level of the analysis must be in the algebra and 

simple geometry realm unless the class composition is "advanced" 

or Advanced Placement caliber. Students approach mathematics in 

a very different way when they are perfonning research. They 

seem to understand that whatever math they need to learn is 

directly applied to help find the answer to the research problem. 

4. The question the students are attempting to answer must 

have an unknown solution. Students are very used to re-discovery, 

that is. labs for which the teacher has an "answer key". They rarely 
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attempt anythin~ that is truly "open-ended". and it takes a little 

while to get used to the fact that the teacher doesn't know all the 

answers. 

5. The experiment or project must have an air of possible 

discovery. It helps student motivation when they feel as if they 

are on a treasure hunt. The discovery aspect and the excitement 

that it generates in students cannot be over emphasized. 

6. Astronomy research projects have some inherent 

excitement built right into them. Although the interest level of 

students is difficult to gauge at times. and although it is impossible 

to make every project exciting for each and every student. 

astronomy lends itself to research projects just by its nature. It is 

hard to find a high school student who isn't excited about Mars or 

Venus. for example. Planets are interesting for a number of 

reasons which tie in to the nature of students' personal 

astronomical experience. and the media treatment of the subject 

which students are exposed to. Stars are a little less stimulating to 

the average student. although a sizeable group of students may 

prefer the stellar astronomy area over the planetary 

7. A good project offers students opportunities to develop 

new abilities in related subject areas such as geology. physics. 

chemistry, engineering. mathematics, and computer science. Also, 

good projects force students to transcend subject matter 

boundaries. Working with volcanic cones on Venus, for instance, 

requires students to understand the historical context of previous 
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research on planetary exploration. demands that the technology 

which delivered the images be understood. and requires proficiency 

in technical writing. 

Table 3.1 - Timeline of Research Projects Completed by the 
Cottonwood High School Astronomical Research Class - Past and 
Present 

Semester 

First 
Second 

First 
Second 

First 
Second 

First 
Second 

First 
Second 
Stars"'***** 

School Year Nature of the Project 

1989-90 

1990-91 

1991-92 

1992-93 

1993-94 

Study of Temperature Sensors 
on the MMT Telescope* 

Semi-Regular Variable Stars*'" 
Oceans on Mars?*"'''' 

Oceans on Mars? 
Semi-Regular Variable Stars 

Volcanoes on Venus"''''·· 
Semi-Regular Variable Stars·"'''''''* 

Volcanoes on Venus 
Semi-Regular Variable 

* Mentor Scientist - Don McCarthy (Steward Observatory, University 
of Arizona) 

** Mentor Scientist - Sallie Baliunas (Dartmouth, Center for 
Astrophysics) 

*** Mentor Scientists - Robert Strom. Jeff Kargel (Lunar and 
Planetary Lab. University of Arizona) 



**** Mentor Scientists - Goro Komatsu, Jeff Johnson (Lunar and 
Planetary Lab, University of Ariz.) 
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***** Advisor for all research projects - Don McCarthy (Steward 
Observatory) 

****** Mentor Scientist - Janet Mattei ( American Association of 
Variable Star Observers, Cambridge, Mass.) 

The Venus-Magellan Project - Fall 1992 

The teacher of the Cottonwood High School Research Class had 

a consultation during the summer of 1992 with Goro Komatsu and 

Jeff Johnson of the Lunar and Planetary Laboratory. Both are 

graduate students who specialize in Venusian and Martian geology. 

After a period of brainstorming, a project was fleshed out in which 

students would analyze the many small volcanic edifices (SVE's) on 

the surface of Venus. Previous research (Head, et. aI., 1992) had 

shown a possible relationship between the number and type of 

volcanic constructs to elevation, relative to the mean planetary 

radius. On the Earth, this relationship does not exist so the 

comparison of Venusian to Earth geology would interesting for 

students to explore, and help ground the investigation in the 

students' environment. The research goal was two-pronged. 

Students would investigate; 1. possible relationships in the 

distribution of SVE diameters, and 2. possible relations between 

SVE frequency and elevation on the Venusian surface. Also, the 

possibility exists in such a project for students to develop their own 
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potential individual investigations by advanced students. 

The project was selected for the following reasons: 

I I 5 

l. It was "new". Intermediate and large volcanic edifices had been 

analyzed. but the sheer number of small edifices. estimated to be in 

the neighborhood of 250,00 (Head. et. al.. 1992), had prevented 

researchers from making a serious attempt at collating much data 

concerning them. 

2. The project had a large data base. At the time about 50 CO-

ROM's full of high resolution surface images were available for 

students to analyze. 

3. The project involved image processing and computer technology. 

Students had to use the Image 1.44 software (an National Institute 

of Health shareware program), Microsoft Word (word processing), 

Excel (spreadsheet program) and Kaliedagraph (graphing program), 

to successfully complete the project. 

4. The mathematical level of the project was deemed appropriate 

by the instructor for the type of group that had registered for the 

class. 

5. Since the project was "new", and even though it was preceded by 

the work of other experts in planetary astronomy, students 

understood that they were the first to examine the stated research 

questions. The whole project had a distinct air of potential 

discovery. 



6. . The instructor thought that the project would have some 

inherent interest for high school students as it related to their 

immediate environment (the Earth). 
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7. A lot of background and reference materials were available to 

students. 

After a period of background information assimilation which 

came from instructor lectures, two hours of briefing from Johnson 

and Komatsu, and student presentations (see Appendix 3 for class 

syllabus and requirements), students were assigned data sets. 

After learning how to run the Image software program and doing a 

practice image to standardize measuring procedures as much as 

possible, each pair of students was assigned one FMIDR (Full 

Mosaicked Image Data Record). Each FMIDR is made up of 56 

separate 1 Megabyte images. Some research teams found and 

measured 250 SVE's while one group processed over 1200 on their 

FMIDR. 

Over a period of six weeks, the students collated all data into 

one huge table they constructed in Excel and decided what kinds of 

graphs to generate, what variety of bins (intervals of diameter and 

elevation) to plot, and what style of graph best represented the 

expressed the relationships they wished to examine. After many 

trials were followed by many errors which were followed by even 

more trials, a team of six of the students decided which graphs to 

bring to the class for discussion and possible inclusion in the final 

report. 
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Near the end of the semester, these graphs were presented by 

various students for class discussion and analysis. After several 

class hours of discussion, preliminary conclusions were made by the 

class, with three of the students taking notes on this process to aid 

in the writing which followed. 

On four successive days, many of the research students 

stayed after school to write the 1000 word abstract, prepare 

selected graphs for the abstract, and to plan and prepare materials 

for their poster summary of the research results. Over 160 

man/woman hours were required to write the abstract and 

complete the poster. 

The poster was presented at a Research Corporation 

Conference in January 1993 by 8 research students and again at the 

Lunar and Planetary Conference XXIV in Houston, Texas by 11 

research students. The two page abstract, written entirely by the 

students, was submitted to the Lunar and Planetary Conference for 

publication, was accepted and published by LPI in March, 1993. 

See Appendix 2 for the published abstract which contains the 

student produced graphs and conclusions. 

The Variable Star Research Project - Spring 1993 

Sallie Baliunas, an astronomer at Dartmouth and the Center 

for Astrophysics in Cambridge, Massachusetts, was approached and 

asked to collaborate on a project in January 1991. We discussed 

the possibility of using variable stars as a topic of research for high 

school students. Variable stars are by nature dynamic objects, 



1 1 8 

many having bizarre and erratic changes in flux over both very 

short and long periods of time. Much of the aberrant behavior is 

poorly understood, so a lot of room exists for both data gathering 

and interpretation to begin to understand the complexity; of these 

stars. Also, variable star research is recognized as one of the only 

branches of astronomy in which amateurs can make a real 

contribution. Combined with the fact that the mathematics of 

variable star light curves is non-calculus level, made the 

investigation of these stars seen as student-friendly and potentially 

intriguing. Sallie then agreed to supply photometric variable star 

data for my students since, in her words, "I have a whole room full 

of it." 

I visited Sallie in the summer of 1992 and procured thirty 

data sets of mostly red giant semi-regular variables (class SRa, SRb, 

in Hoffmeister, 1990), with a few irregulars thrown in (class Lb, 

Hoffmeister, 1990) which hadn't yet been analyzed by her research 

group. The variable star project was selected for classroom use for 

the following reasons. 

- There was plenty of data, a whole room full of it in fact. 

A distinct element of discovery was present. Students had the 

opportunity to find new periods (the time interval between 

maximum or minimum brightness), or the lack of one, and to 

examine changes in the cycles of the semi-regular or irregular 

variables. 
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The project had a strong computer technology component. 

Students learned and used the Voyager program to locate their 

stars, used Kaliedag raph to plot their data, and used Word 4.0 to 

word process their reports. 

The math level was acceptable to the instructor, with graphing 

and curve-fitting the two primary science process skills required. 

The data was taken by a 30" Automated Photometric 

Telescope which registered a photon count or magnitude in three 

wavelengths; 5456 A - visible , 7096 A -red , and 8340 A -

infrared. A comparison star's magnitude was then subtracted from 

each reading in each wavelength. Also, a check star data set was 

given for each wavelength, giving the students six columns of 

numbers to process. The automated telescope order of data 

gathering, for each favorable night, was to take a reading in the 

visible band, then follow with a reading of the comparison star, 

then take a reading of the check star, then repeat for the other two 

wavelengths. The entire sequence was usually repeated later 

during the same night, weather permitting. Students had two or 

three years worth of data (called "seasons"), with all readings listed 

by Julian Day. An average data set had 200 data points per column, 

giving students 1200 points to plot for the three wavelength bands 

and the check stars for each band. 

The instructor gave 25 hours of preparatory lectures on topics 

ranging from the electromagnetic spectrum to stellar evolution. 

Students were also taught how to use the Voyager program and 
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Kaliedagraph. Then each student was given their own data set 

which had a literature search attached to it. The literature searches 

were obtained via email from SIMBAD, an organization which 

supplies information to professional astronomers. Mayall's M anua I 

of Variable Star Observing was passed out to each student, and five 

copies of David Levy's book Variable Stars, were made available for 

student reference. 

Field trips were taken to University of Arizona to show 

students astronomers at work, the facilities available for 

astronomers in Tucson, and to introduce them the University 

library system. Students traveled to Kitt Peak National Observatory 

in November and to the Multiple Mirror Telescope facility in March. 

On the ridge below the MMT sits the Automated Telescope 

Instrument Service, which houses the 30" telescope which took the 

students' data sets. Students were able to learn about the data 

gathering process and ground their research project in the reality of 

how information is obtained. In April, Don McCarthy, a mentor and 

astronomer at Steward Observatory, led a weekend "Be an 

Astronomer" experience. Students were able to use a 40" and a 60" 

telescope to make observations and take 35 mm slides of objects 

they had selected and researched. The students operated the 

telescopes themselves, stayed up all night and went to bed in the 

astronomers dormitory, to give them a real feel of what an 

observing run is like. 
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Students were given bus passes and copy cards so that they 

could travel to University libraries to look up information 

concerning their variable stars and copy some articles. Data was 

also entered by students into the Kaliedagraph program and 

graphed using different formats by each researcher. 

Each student then searched for long and short periods in their 

data, comparing any of their findings to previous research they had 

discovered in their literature search. The final stage of their work 

involved writing a formal paper of the results. Since some of these 

papers would be sent to student research publications, the 

introductions to the students' papers were a little more basic in 

terms of describing what variable stars were and how they are 

classified so they would be readable by other high school students. 

Several were sent the Journal of High School Research, several to 

the Journal of Student Research, one more formal paper was sent to 

the Journal of American Association of Variable Star Observers, and 

one to the International Association of Photometric Astronomy. 

THE OUANTIT ATIVE SURVEYS ADMINISTERED TO 

STUDENTS DURING THE 92-93 SCHOOL YEAR 

Student surveys were given to twenty-five astronomy 

research students and twenty-four physics students during the first 

two days of the school year in August, 1992. The same series of 

surveys was given to the same groups in early May just before the 

end of school. These surveys included; (1) demographics, (2) the 

Test of Science Related Attitudes, (3) the Nature of Science Survey, 
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(4) a Career Interest Survey, and a (5) process science skills test. 

These surveys will be described in the following sections: 

(1) Demographics 

The first portion <;>f the survey asked students to report 

demographic information and their "liking" for math and science 

courses. The possible responses range from "hated" to "liked a lot". 

The results of this question will be used to ascertain the attitudes of 

research-based and physics students towards math and science 

course work. 

(2) The Test of Science Related Attitudes (TOSRA) 

TOSRA was developed by Barry Fraser in Australia in 1978. 

Since that time, the test has been heavily used by researchers who 

consider it to be a multidimensional test with a sound conceptual 

basis (Khalili, 1987). TOSRA was called "an outstanding instrument 

because it has a sound theoretical basis and an impressive 

empirical validation" by Haladyna and Shaugnessy (1982). Shrigley 

(1983) recommends TOSRA to anyone who wishes to measure more 

than one dimension of attitudes towards science. In any case, the 

test has a long track record and has been validated many times 

with varying age students in the fifteen years of its existence. 

TOSRA is a 70-item test in which seven scales are measured 

with ten questions each. A simple five point Likert scale is used for 

each question with the scoring reversed on half the items in each 

scale. The scales provide separate measures of six of the 

conceptually distinct affective aims for science education set forth 
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by Klopfer, 1971. The possible range of scores for each scale is then 

10 for a minimum to 50 for a maximum. From Fraser (1978), the 

scales are listed below with its matching Klopfer classification and a 

sample test question. 

Table 3.2 - TOSRA Scale Derivation 

Scale Name Klopfer Classification Sample Item 

Social Implications of Sci. 

Normality of Scientists 

Attitude Towards Sci. Inq. 

H.I: Manifestation of favorable 
attitudes toward science and 

scientists. 

H.2: Acceptance of scientific 
inquiry as a way of thought. 

Adoption of Scientific Au. H.3: Adoption of "scientific 
attitudes." 

Enjoyment of Science Lessons H.4: Enjoyment of science 
learning experiences. 

Leisure Interest in Science H.5: Development of interests 
in science and science related 

Career Interest in Science H.6: Development of interest 
in pursuing a career in science. 

Sci. discoveries 
are doing more harm 
than good. (-) 

Scientists usually 
like to go to their 
labs when they have 
have a day off. (-) 

I would prefer to 
find out why 
something happens 
by doing an 
experiment than by 
being told. (+) 

I like to listen to 
people whose 
opinions are 
different than 
mine.(+) 

Science lessons bore 
me. (-) 

I dislike reading 
news articles about 
science. 
activities. (-) 

I would like to be a 
scientist when I 
leave school. (+) 
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TOSRA has been validated by many researchers. Fraser 

(1978) reported test-retest reliabilities of between 0.69 and 0.84 

with a mean of 0.78. The internal consistency reliability as 

measured by the Cronbach-alpha test was listed by Fraser to range 

from 0.67 to 0.93. Shibeci and McGaw (1981) gave TOSRA to over a 

thousand Australian students, grades 8 to 10, and reported 

reliabilities which ranged between 0.69 and 0.91. Fraser and Butts 

(1982) summarized the reliabilities of three studies which utilized 

TOSRA (Fraser, 1978, Humel, 1979, Fraser and Butts, 1982). The 

summary shows good agreement, all three reporting high Cronbach

alpha reliabilities and fairly low values for the average interscale 

correlations, which indicated good discriminant validity for each of 

the seven TOSRA scales. 

In a more recent study, Khalili (1987) administered TOSRA to 

336 students enrolled in five psychology and ten sociology classes 

in three high schools in suburban Chicago. He found Cronbach

alpha l'eliabilities ranging between 0.69 and 0.93, with a median of 

0.87, confirming the previous studies mentioned above. However, 

Khalili's interscale correlations were somewhat higher, ranging from 

0.22 to 0.65, compared to 0.1 to 0.59 for Fraser (1978). 

TOSRA can be used by teachers to monitor student progress in 

achieving attitudinal aims as well as changes in attitude over 

periods of time (Gidding and Fraser, 1987). In this study, TOSRA 

was used to assess possible changes in treatment and control group 

students over a school year interval of time. 
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The Nature of Science Scale (NOSS) 

(3) The Nature of Science Scale (NOSS), is a 29 item scale which 

asks students to agree or disagree with a series of statements which 

measure agreement with a theoretical model described below. 

This model was developed to provide a strong conceptual basis for 

group comparisons. It was developed through an exhaustive study 

of the literature on the nature and philosophy of science by Merritt 

Kimball (1968). Composed of eight assertions, the model was 

created by Kimball and a group of scientists, science teachers, 

school science supervisors, and science professors, and has been 

extensively field tested by many researchers on groups of students, 

scientists, pre-service teachers, and classroom teachers (Kimball, 

1968, Andersen, 1986, Cobern, 1989). The model is consistent with 

the views expressed by Conant (1961), and Bronowski (1953), as 

well as many other philosophers of science who reaffirmed each of 

these statements about important characteristics concerning the 

nature and the process of science inquiry: 

The Eight Assertions of the Model: 

1. The fundamental driving force in science is curiosity concerning 
the physical universe. 

2. Science is a dynamic, on-going activity, rather than a static 
accumulation of information. 

3. Science aims at ever-increasing comprehensiveness and 
simplifications using mathematics as a simple, precise way of 
stating relationships. 
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there are practitioners. 

126 

5. The methods of science are better characterized by some value
type attributes (dependence on sense experience, need for 
reproducibility, insistence on operational definitions, etc.) than by 
techniques. 

6. A basic characteristic of science is a faith in the susceptibility of 
the physical universe to human ordering and understanding. 

7. Science has a unique attribute of openness; both openness of 
mind and openness of the realm of investigation. 

8. Tentativeness and uncertainty are characteristic of all science. 

This test has been used several times before to describe the 

knowledge of the nature of science which students, scientists, pre

service teachers, classroom teachers, and have (Kimball, 1967, 

Andersen, et. al., 1986, Cobern, 1989, Tashiro, 1991, Lockwood, 

summer 1993). Kimball compared the knowledge of PST's to that 

of science majors, science teachers, and philosophy majors. He 

found that philosophy majors showed a significantly closer 

agreement with the model than science majors or practicing 

scientists, particularly in the area of the methodology of science. 

Andersen tested 1984 pre-service teachers and compared them to 

Kimball's 1967 group. The 1984 group scored significantly higher, 

leading Andersen to conjecture that science instructors may be 

doing a better job at educating pre-service teachers about the 

nature of the science in their classrooms. Cobern studied 

differences between the performance of a group of Nigerian PST's 
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on the NOSS with Andersen's 1984 group. All three researchers 

used a different Likert scale than the one used in this study. 

Sharman and Harris (1991) who administered NOSS to pre

service teachers, and Kimball (1967) both reported an alpha 

Cronbach reliability of 0.72. Anderson (1986) reported an alpha 

internal consistency reliability coefficient of 0.74, while Cobern 

(1989) gave a reliability estimate of 0.7l. By comparing responses 

of known groups known to differ in their orientation towards 

science, Kimball (1967) was able to give evidence of construct 

validity. In establishing this discriminant validity, Kimball was 

able to show that NOSS can successfully discriminate between 

groups according to their progressive understanding of the nature 

of science (Scharman and Harris, 1991). Face. content. and 

construct validities were established both qualitatively and 

quantitatively by extensive field testing and in later published 

studies (Rubba and Andersen, 1978. Rubba. Horner and Smith, 

1981). 

The test administered by Kimball, Andersen, and Cobern used 

a three point Likert-type scale, one being low and three being high. 

The test was scored by giving three points for responses in 

agreement with Kimball's model, two points for uncertainty and one 

point for responses disagreeing with the model. A score of 29 then 

indicates very poor understanding of the model and 87 indicates 

great understanding. The mean for Kimball's 1967 group of 

teachers, scientists. and philosophy majors was 52.8, Andersen's 
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1984 group of preservice teachers was 58.1. while Cobern's group 

in Nigeria scored 49.5 on the same scale. 

This study removed the neutral response to each NOSS item 

and reduced the responses to "agree" or "disagree". Using a score of 

1 for a correct model response and 0 for an incorrect response. 

summed over the 29 questions. a total NOSS score was obtained for 

each student in each treatment and control class. A score of 29 then 

show complete agreement with Kimball's model while a 0 shows no 

agreement at all. 

The NOSS pre-test. questions 71 to 99 inclusive on the survey. 

was given during the first two days of both the Research-based 

class (RBC) and the 3rd period physics class (CTRL) in August 1992. 

The NOSS post-test was given to both classes in the first week in 

May. 1993. 

(4) Career Interest Survey 

A series of fifteen "agree or disagree" questions dealing with 

science and research as possible career interests was developed by 

the author of this study. Among the fifteen. several questions 

which ask for value judgements about the nature of the research 

process were included. These questions were reviewed and 

analyzed by J. Tashiro and P. Rowland of the Northern Arizona 

University Science and Mathematics Education Center and were 

utilized by them in an evaluation of the Cottonwood Research Class 

in 1991-92. The survey was designed as an indicator of change in 

students' attitudes concerning these areas over the time span of one 
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school year. This survey was included as Part IV of the group of 

surveys administered and consisted of questions 100 to 114. 

The Process Science Skills Assessment 

(5) The Process Science Skills Assessment (PSSA), was formulated 

by Tashiro and Rowland (1991) by using selected items from a test 

called TIPS II (Test of Integrated Process Skills) found in "Learning 

Science Process Skills, by Funk, et. al. (1985). It was written to 

allow students to demonstrate their competence in performing 

three of the integrated process skills of science: graphing skills 

(construction and interpretation), hypothesis identification, and 

variable identification. TIPS II was based on TIPS I, constructed by 

Padilla, Okey and Dillashaw (1980). Tips I had a test reliability of 

.90 while TIPS II wsa reported to have a total test reliability of .86 

(Burns, Wise, and Okey, 1983). Nakayama (1988) called TIPS II, 

" .... a reliable instrument for assessing students' competence in the 

integrated science process skills." 

The PSSA test is not designed to produce a single score on 

science process, but instead it identifies individuals' proficiency and 

changes in proficiency on three distinct process skills, over a period 

of time, in this study, one school year. 

OUALITATIVE DATA COLLECfED DURING THE 92-93 SCHOOL YEAR 

Several' types of qualitative data were obtained to measure 

the nature of students' attitudinal changes due to the research

based curriculum experience. Two kinds of written data will be 

processed to reveal the kinds of changes that occurred in students' 

----,------.-
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thinking about the nature of science and careers in science as they 

progressed through the course over a 10 month period. 

Data Collection Procedures 

a. "Scientific research is ...... " before and after. open-ended 

questi.ons 

Students in the treatment group was asked to fill in the 

answer to the statement. "Scientific Research is ........ " both before 

they began the research experience and after its completion. 

Answers to this question were collected on the first day of school 

year on 5 x 8 index cards. and during the last week of class in May 

in similar fashion. Students were instructed not place their names 

on the statement cards. Some of the students gave several 

responses instead of one. so the number of statements per group is 

somewhat variable. The student responses have been gathered by 

the author for three years. and all such statements have been 

compiled. resulting in a total of 129 "before" statements. and 115 

"after" statements. 

Of the 129 "before" statements. 1-25 were taken in August. 

1991. 26-50 in August 1992. 51-96 in August. 1990. and 91-129 

were gathered in August. 1989. Of the "after" statements. 1-24 

were taken on May. 1992. 25-62 in May. 1991. 63-87 in May. 

1990. and 88-115 were gathered in May. 1990. 

b. Student Journals 
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Students were asked to keep a journal which described: I) 

Their research activities, time spent in libraries, labs, at the 

computer, etc., 2) Their feelings about science and research as a 

process and as an endeavor. 

They were also urged to ask questions concerning astronomy 

or anything else that was on their mind. Journals were then 

collected at approximately 3 week intervals and assigned a grade 

(B- to A+) based on the fulfillment of these directives and the 

number of entries completed. I would answer their questions 

directly in their journals and write a few sentences to them each 

time I evaluated on their reactions to the projects or activities. 

Students were not told that the journals would be used as part of a 

study, instead they were told that I needed a check on their outside 

work hours and an opportunity to answer all of their science and 

personal questions concerning research, astronomy and the class in 

general. 

The journals ranged in length from 18 to over a 100 pages. 

DATA ANALYSIS PROCEDURES 

a. Quantitative Data - The survey data obtained in this study was 

tabulated and analyzed by computer to produce item means. 

Significant differences in means (mixed design ANOV A) will be 

calculated. The TOSRA was evaluated for both treatment and 

control groups, by gender, comparing the two for each of the seven 

attitudes examined by the instrument for any significant changes 
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over the period of one school year. The NOSS was analyzed in a 

similar way. 

The Science Process Skills Assessment was hand scored and 

any improvements in graphing skills (construction and 

interpretation), hypothesis identification, and variable 

identification, was compiled and cross-compared between each 

group (treatment and control), and between gender groups as well. 

b. Qualitative Data Analysis 

1.) The before and after "Scientific reseai"ch is .... " statements 

Level I Analysis - Intensive reading of the 100 pre and post 

test statements has resulted in the following determination of 

categories to assess the nature of the responses to the "research 

is .... question: (1) affectivity of answers (types of emotional 

responses to the research process), (2) quality of responses based 

on linguistic structure, (3) assimilation of the positive scientific 

attitudes (statements matching Klopfer's six Affective Aims for 

Science), (4) possession of an understanding of the nature of 

science (statements matching Kimball's eight point nature and 

philosophy of science). 

Level II Analysis - Items on the pre and post course 

statements were coded Y for yes, N for no for each of the four 

categorizations. 

Level III Analysis - "Yes" responses were studied for all four 

of the above categories of qualitative data in the pre and post 

course answers to the Research is ...... question. Complexity of 
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response were analyzed with a frequency diagram. Affect of the 

responses were classified as to type and frequency of occurrence. 

Positi ve scientific attitudes were analyzed listing frequencies of 

question responses matching the Klopfer Model, and the degree of 

understanding of the nature of science was compiled by comparing 

responses with the Kimball NOSS framework used in the 

quantitative data section. 

Level IV Analysis - The separate analyses for pre and post 

course question answers were compared and contrasted to reveal 

any differences in student responses in the 100 item data sets. 

2.) The Student Journals - Student journals were separated in two 

groups based on gender. The journal content of each group was 

analyzed to collate student reactions to science as a discipline, to 

scientists as human beings, to possible careers in science, and to 

computer technology. Affective attitudes were listed and 

compared, including indications of student adoption of scientific 

attitudes, their enjoyment of science activities, their acceptance of 

inquiry as a way of thinking, and their degree of self-confidence 

about doing science. Then any differences in the journal responses 

of the two groups were then compared and discussed. 

3) The Career Interest Survey - This series of fourteen questions 

was designed to explore the nature of students' educational 

background, their future plans for college, and their interest in 

careers in science. Questions #102-104, and 108 were used to 

describe the control and treatment groups college aspirations and 
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the educational background of their parents. Questions #101, 109-

112 were used to show student changes in their understanding of 

the nature of science. while questions #100 and 114 were used as 

indicators of changing attitudes towards science as a career. 

Chi square techniques to test for significant differences in 

group response to each question were ruled out due to the small 

sample size. Instead. tables showing positive, neutral, and negative 

changes in response were constructed for each question. 

SUMMARY 

In this chapter, a detailed look at the context of the study, 

and the sample of students used for it, was presented. Then a brief 

description of the two research projects completed by the 

treatment group was given. A listing of the quantitative data 

survey instruments followed along with the rationale for using 

them in this study. Also, the sources of qualitative data were given 

and their nature described. The method of analysis was given for 

both types of data. 
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Chapter 4 - DESCRIPTIVE AND QUALITATIVE STATISTICS AND 
ANAL YSIS 

INTRODUCfION 

The results of the qualitative data analysis are reviewed in 

this chapter. Beginning with the demographics of the sample. the 

initial qualitative section of the student survey describing student 

like or dislike of math and science is described. 

The analysis of the before and after "Research is ... " open

ended questions is followed by an examination of the student 

journals. done by gender. Concluding the chapter is the analysis of 

the process test comparing control and treatment groups again by 

gender. 

Demo~raphics of the Sample 

The demographics of the control and treatment samples are 

shown below: 

Table 4.1 - Demo~raphics of Sample 

parameter 

total N 

# seniors 

# juniors 

#sophomores 

# males 

#females 

treatmen t class 

24 

14 

6 

4 

8 (33%) 

16 (67%) 

control class 

26 

19 

7 

o 
18 (70%) 

8 (30%) 
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% white 83% 77% 

%African-American 8% 4% 

% Hispanic 4% 15% 

% Oriental 4% 4% 

Math grades (female) 2.7 3.0 
(male) 2.6 3.0 

Science Grades (fern.) 3.4 3.3 
(male) 2.9 3.1 

The control and treatment groups were similar in age and 

experience in science and mathematics. A large difference occurs in 

the percentage of males and females in the two classes. These 

differences are due to random choicing by physics students during 

registration. The other physics classes at Cottonwood High School 

during the 92-93 school year averaged a 50% female enrollment or 

more. 

Students for the treatment class go through an application 

process to enter the class and are told that students with low math 

grades are encouraged to apply. As a result, the treatment group 

had significantly lower grades in mathematics than the control 

group. Since four sophomores were also in the treatment class, the 

hierarchical level of classes taken by the treatment group was 

somewhat lower than the control group as well. 

Other characteristics of the sample were obtained from 

questions' 102-104, and 108 on the Career Interest Survey. 
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Q 1 02 - I expect to graduate from a 4 year college. 

100% of the control group boys and treatment girls expecxt to 

graduate from a 4 year college. A slightly smaller 93% of the 

control girls and treatment boys expect to graduate from a 4 year 

program. 

QI03 - I plan to go to a two-year college. 

As you might expect form the figures in QI02, only 7% of the 

control group boys and 5% of the treatment group boys agreed with 

this question. This is surprising since 45% of the graduating class of 

Cottonwood High School normally enrolls in one of the local junior 

colleges. 

QI04 - I do not plan to go to college. 

Only one individual across both groups, representing 5% of 

the treatment group responded yes to this question. 

QI08 - One or both of my parents graduated from a four-year 

college. 

The percentage of students who have at least one college 

graduate in their nuclear family was almost equal, 74% for the 

control group and 72% for the treatment. 

Attitudes of Students Towards Science and Math Classes 

The responses to this survey were converted to percents and 

listed in the table on the following page. An "enjoyment" index was 

calculated for each gender group by assigning an index of "4" for 

"like a lot," a "3" for "like," down to a zero for "hate," and then 

averaging the indices for each gender group for pre and post test 
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responses. This process produced a number between one and four. 

representing an analogy to a grade point average for enjoyment of 

their math and science classes. It is listed "E.I." in the table below. 

Table I - ALtiLud", Tovuds MaLh aDd Sci"Dce Clules aDd Gradu iD Pr"vioul School 
aDd MaLh CoursOl 

Pnt.eIL POILesL 
CIHI.L[1.l1 

blLa dislikl QK lita likallaL E I biL. dillikl Qt: lik. likallg!. E I 

Girls Math O~ 2'~ In 3a 2''1. 7..2 O~ 13 " 2'" :so~ 12~ 2.' 

Girls Sci. O~ 0'1. 2'" ,O~ 2'~ 3.0 0" O~ la:so" 37'1. 32 

Boys Math 7'1. O~ 21 " 43~ 29~ 2.9 0" 7~ 3n 36" 21 " 2.6 

Boys Sci. 7'1. O~ 14~ 21~ '7" 32 O~ O~ H~ 2S~ ,a 3.4 

Il:lllimlaL 

Girls Math 0'4 6" '3~ 29~ la 2.' a a :so" 29~ a 2.2 

Girls Sci, 0'4 0'10 3''10 3''10 30~ 2.9 O~ O~ 0'1, 2n 72~ 32 

Boys Math 0'1. O~ 20'10 SO~ O~ 2.S O~ O~ 4a 14~ 4a 3.0 

Boys Sci. 0'10 0'1, O~ 20'1. SO" 3.S 0'10 O~ 0'10 2s~ 72~ 3.7 
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In summary, the data above indicate that both males and 

females enjoy their science classes to a greater degree than their 

math classes. The table also shows that male students enjoy their 

math and science classes to a greater extent to females. The 

average male female difference over all groups was.47 of an 

enjoyment index point (eip) for mathematics and .45 eip for 

science. The enjoyment gap for the control group began at .7 eip 

for math and was reduced to .1 eip on the post-test as the female 

enjoyment of math increased .3 eip while the male interest 

decreased by .3 eip. In science, the gender difference remained.2 

eip although the liking of science increased .2 eip over the testing 

period 

For the treatment group, the gap in mathematics increased 

from .3 eip on the pretest to a significantly higher .8 eip on the 

post-test as the female enjoyment decreased by :3 eip while the 

males increased by .2 eip. The largest difference in either group 

occurred in the pre-treatment group as the enjoyment gap in 

science reached a .9 eip level, decreasing to .5 eip on the post-test. 

These gaps in liking science and math occurred even though, 

as can be seen in Table 4.1, girls have equivalent grades in 

mathematics and higher grades in science than males in both the 

control and treatment classes. This confirms the findings of Dick 

and Rallis (1992) whose study looked at the career choices of male 

and female high school students, and found that even though 

females had higher grades in physics and calculus, they were 5 
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times less likely to choose a science career than males. So, even 

with success in their science classes, females seem to shy away 

from science as a career, and in this study like their science classes 

less than their male counterparts. 

Analysis of the "Research is",," Question Responses 

Introduction 

One hundred fifteen responses to the question "Research is .... " 

given by three groups of research students before they embarked 

on their research projects were compared to 126 responses to the 

same question ten months afterwards by the same groups of 

students. The student answers were analyzed and compared by 

examining four response categories: (1) quality of the response 

based on the linguistic structure of the statements (2) frequency 

of affective response and the types of emotional response to the 

research process, (3) assimilation of the positive scientific attitudes 

(statements matching Klopfer's six Affective Aims for Science), and 

(4) demonstrating an understanding of the nature of science 

(statements matching Kimball's eight point nature and philosophy 

of science model). 

Quality of Response by Analysis of Linguistic Structure 

The pre-treatment responses to "Scientific research is .... " were 

dominated by a number of static verb complements, mostly 

gerunds, such as studying, reading, gathering, and finding. In fact, 

many of the responses indicated that students' view of science 

entails the gathering of facts from the library or from books, and 
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that's all. In the figure below, note the use by students of 

synonyms of gathering: finding, collecting, compiling, looking up 

(facts), and searching (for information). 

The pre-treatment students also use the words "studying" or 

"reading" in twenty-four of their responses. The overall impression 

of students is that scientific research is a "study," which means 

book work to high school students, requiring much reading and 

collecting of copious amounts of knowledge (facts). I call words 

like "studying, reading," and the others in Graph 4.3, "static 

descriptors" since the picture of the science they paint is a dead, 

lifeless one. The use of static descriptors by the pre and post 

groups is given below. 
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The post-treatment group used the words "studying" and 

"reading" only ~ in 115 responses compared to twenty-four for 

the pre-treatment group. "Gathering" synonyms, used forty-seven 

times by the pre-treatment group, were used only ten times by the 

post-treatment group. Verbs as gerunds were used infrequently by 

the post research group. Instead, they utilized many "dynamic" 

descriptors. Very few of the post group descriptors were gerunds 

modifying the word "is" at the beginning of the response, and one of 

them was a short phrase - "makes me think." 

The dynamic descriptors included the word "discovery" which 

was used fifteen times by the post group after it was used only six 

times by the pre group. Others utilized more than once by the 
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post-treatment group were analyzing. rewarding. challenging. and 

understanding. 

The frequency of usage of these dynamic descriptors is shown 

in Graph 4.4. 

Graph 4.4 - Dynamic Descriptors 'or Pre and Post Groups 
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The miscellaneous words for the pre group included probing 

(1). problem-solving (1). pondering (1). exploring (3). and 

investigating (2). For the post group. the miscellaneous words 

included. struggle (3). probing (2). comparing 0). questioning 0). 

and involving (1). The richness of the descriptors as modifiers 

indicates that students have an increased knowledge of research as 

a process. instead of a simple collection procedure. It is a process 

that they perceive to be a complex. difficult. and time-consuming 

one. 
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Frequency of Affective Responses and Types of Emotional Response 

to the Research Process 

There was a significant difference in the number of affective 

responses to the "Research is .... " question for pre and post-

treatment groups. In fact, only one of the 129 pre-treatment 

responses (.8%) was an affective response while S8 of the lIS post

treatment responses (SO.4%) were affective. An emotional response 

is triggered in slightly over half of the students who complete a 

hands-on research experience. These responses ranged from the 

very positive (exciting, fun, interesting) to the very negative 

(boring, tedious, frustrating). Graph 4.S shows the nature and 

frequency of the negative affective responses. 
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Students undoubtedly would classify them as negative, while 

scientists, teachers, and researchers might see them as important 

positive affects for students to possess. 

"Time consuming/long" was often linked with hard or 

difficult, or some other negative as shown in the figure above. 

Compared to even their English research papers, scientific research 

stretching over a whole semester of school seems like a very long 

interval for high school students. 
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The "other" responses in Graph 4.5 were one each of "torture". 

"exasperating". "vague". "struggle". and "confusing." Graph 4.6 

below shows the positive affective responses to the "Research is .... " 

question. 

Graph -(,6 • Positive Affective Responses to "Research Is ... " Question 
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The "other" responses in Graph 4.6 were one each of 

"illuminating". enervating. challenging. stimulating. and addictive. 

Assimilation of Positive Attitudes Towards Science 

As measured by TOSRA. positive attitudes science include: (1) 

manifestation of favorable attitudes toward science and scientists. 

(2) acceptance of scientific inquiry as a way of thought. (3) 
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adoption of "scientific attitudes," (4) enjoyment of science learning 

activities, (5) development of interest in science and science-related 

activities, and (6) development of an interest in pursuing a career 

in science. 

Only four of the 129 (3%) pre-treatment responses reflected 

one of the attitudes listed above. However, thirty-seven (32%) of 

the post-treatment responses fit into one of the TOSRA attitude 

categories which represents a ten-fold increase. Many of the 

thirty-seven fit into (1) and (4) above, but each of the attitudes was 

represented among the thirty-seven responses. 

5. Understanding the Nature of Science 

As defined by NOSS, the model describing the nature of 

science is made up of eight points. These are summarized from 

Chapter 3: 1) the driving force of science is curiosity, 2) science is 

dynamic, a process, not a static collection of facts, 3) science aims 

at ever increasing comprehensiveness and simplification, 4) there is 

non one "scientific method", 5) methods of science are 

characterized by values rather than by techniques, 6) scientists 

have faith that the universe can be ordered and understood, 7) 

Science is uniquely open, both of mind and in the realm of 

investigation and 8) tentativeness and uncertainty mark all of 

science. 

Nine (7%) pre-treatment "Research is ... " responses matched 

one of the eight NOSS statements while 36 (31 %) of the post

treatment responses fit one of the statements. This represents a 
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four-fold increase in the understanding of the nature of science. 

Many of the post-treatment responses fit model statement (2), as 

students viewed research as a process, a continuum, rather than as 

a gathering or collecting of facts. The word "process" appears in 

seventeen of the post-treatment responses but only five times in 

the pre-treatment responses. 

Journal Analysis 

Introduction 

Thirteen journals of female research students and seven 

from males were analyzed. The average length of the journals 

ranged from 18 to 118 full pages, with males averaging 46 full 

pages and females averaging a much greater 77 pages per journal. 

The journals were read through line by line with the intent of 

selecting comments of students which dealt with any of the 

attitudes contained in the TOSRA scale (see page 119), or with any 

of the scales in the NOSS test (see page 122). Each comment was 

tagged (coded) into one of these two categories with a different 

color hi-liter pen. 

The final categories of response were arrived at by selecting 

the subscales to TOSRA and NOSS which contained the most 

comments, eliminating scales which had no responses at all, and by 

collapsing several of the original categories into broader, more 

general classifications such as "reactions to science as a discipline." 

Many more comments were found in female journals, with an 

average of 7.3 to only 3.4 comments per journal for the males. 
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Most of the journal entries of both sexes contained a reporting of 

their class and research activities, and several kept lab, lecture, and 

procedural notes in them as well. Although the class was told to 

make daily entries, many skipped days, and a few made multiple 

entries in a single day. The entries made after any of the four field 

trips nested within the curriculum of the course were usually the 

longest entries and the richest in student comments concerning 

science and attitudes towards research and careers in science. 

The analysis will proceed by comparing male and female 

responses to five categories: (1) reactions to science as a discipline, 

(2) scientists as human beings, (3) possible careers in science, (4) 

attitudes towards technology, and (5) increasing self-confidence. 

Reactions to Science as a Discipline 

Only two comments were made by male students concerning 

science as a discipline, one commenting of "man's ingenuity in 

science" and the other remarking on the "politics" of science. The 

female group on the other hand made twenty-one comments which 

ranged across a spectrum of observations about the nature of the 

science process. 

Four of the females made statements questioning the wisdom 

of spending vast sums of money in science rather than on societal 

problems ("homeless women and children," "population explosion," 

"saving mankind," "human welfare"). Ten of the comments 

expressed positive statements about doing research, using 

descriptive phrases involving the word "curiosity" five times. 
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Sample comments were: " ... research is driven by emotion and/or 

curiosity," "Science can be such an adventure!," "It takes curiosity to 

do science," "Science may explain, but it takes curiosity to do 

science," Science is ever-growing and exciting," and "Science seems 

to be having enough curiosity and wonder about something .... to 

satisfy your hunger for unfulfilled questions." 

Two of the female student made negative comments. One 

remarked that research scared her since "it seems like a foreign 

language," and the other saying that research is" ... frustrating ..... now 

I know how hard research is." Three other female students also 

commented on the "difficult" or "tedious" aspects of research, but 

qualified their statements, adding that "it pays off," or stating that 

"the end result is very exciting." 

Reactions to Scientists as Human Beings 

The male students only made four comments about the· 

scientists and engineers they had met, listened to, or worked with. 

Like their female research partners, the boys stress that they enjoy 

being treated like "intelligent human beings." One mentioned that 

he "loved scientists arguing over a point" at the Lunar and 

Planetary Conference. In contrast, one of the girls at the conference 

wished that scientists would "defend themselves in a more civil 

manner!" 

The female research students made nineteen comments on 

their perceptions of "normality of scientists". Several of the 

comments reveal interesting stereotypes about scientists and their 
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work. One was surprised that humorous clippings and cartoons 

adorned the doors of many scientists' offices which. for her at least. 

"destroyed the idea that scientists have no sense of humor!" 

Another girl was surprised that our mentor scientists were so 

young (late 20's), having held the old. gray-haired stereotype 

picture of the scientist in her mind to that point in her education. 

Another was surprised that astronomers work indoors, thinking 

that astronomers are out at their telescopes every night staring at 

the stars. 

In general, the female journal entries concerning scientists 

centered on the normality of scientists. One said about a former 

mentor of our research class from the University of Arizona, "Dr. 

Strom .... was iQ. normal.. . .like a Dad." Another exclaims about Dr. 

Head from Brown University, "This guy was Human!!" Student 

treatment at the hands of scientists was rated consistently as 

favorable. Several remarked that scientists were "nice to us," 

"fantastic," and "actually listened to what we had to say." 

Reactions to Possible Careers in Science 

The boys group made three comments while the girls made 

sixteen comments concerning careers in science. Almost all of them 

were expressed as a direct result of the student's experiences at a 

field trip or a conference. The University of Arizona field trip 

triggered four positive statements such as " .... some of the things I 

saw today have gotten me interested in research and what I might 
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find out." The Mt. Lemmon experience caused three comments 

including, "I might want to do this (astronomy) for a career." 

Almost all of the students who went to Houston to present their 

research findings and who toured many aerospace and engineering 

facilities while there for a week made a comment on how the 

experience affected their view of science as a career. In all, seven 

comments were made, ranging from positive statements such as, 

"Mission Control sparked my interest in NASA jobs, " and "After 

Houston, I've make up my mind about science (I rather like it, in 

case you haven't guessed!)," to one negative reaction, "After the 

Houston trip, I decided that astronomy and engineering are not for 

me." 

Two of the female students appeared to make a career 

decision based on the sum of their experiences in the class giving 

the following summary statements in their last journal entries: 

"You showed me that science was more than just something I 
was good at. It is something I can do a good job at, maybe for the 
rest of my life." 

"At first I grew a little weary of research, thinking I had to 
come up with a correct hypothesis, but now I am interested in 
research as a career." 

Attitudes Towards Technology 

Only one of the seven male comments referred to "fear" or 

"dislike" of computers. Five of the female comments refer 

negatively to computers with such words and phrases as, 
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electromagnetic problems with computers." 
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None of the male comments referred to improvements in 

attitude towards the use of computers. Female respondents were 

proud of their increased computer skills. The "computer paranoid" 

mentioned above says later that, "Now it (her paranoia) has 

subsided to only an occasional irrational fear. I'm moving right 

along." Another says, "I am happy to say that I feel much better 

about using computers." 

Comments on Self-Confidence 

The male group did not mention any confidence issues in any 

of their journals. The female group gave five comments referring 

to a lack of confidence in themselves. One said, "I'm totally afraid 

to ask for help because I'm afraid you'll think I'm llll stupid." 

Two others said that they felt stupid or thought they wouldn't do 

well. 

Several positive confidence building experiences were noted. 

Talking to scientists at Houston was mentioned twice as a 

confidence builder, with one girl stating, "It was a real high-on-life 

experience to be able to be put on the spot (in front of the poster) 

and feel confident about what I was saying." 

Process Skills Assessment Analysis 

In trod uction 

The process skills section of the test was developed to show 

the ability of students to use three of the integrated process skills 
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of science: graphing skills (construction and interpretation). 

hypothesis identification. and variable identification. Pre and post 

tests were analyzed by looking at each students' tests question by 

question. noting improvements in each of the four skill areas 

covered in the test. This instrument does not produce a "test score". 

Instead. it measures changes in an individuals' competence in each 

of the skill areas. 

A few of the control and treatment students missed either the 

pre or post test. so these unpaired process tests were excluded. 

Twenty pre and post-control group tests (13 male. 7 female) were 

scored and compared against eighteen pre and post-treatment 

group tests (5 male. 13 female). 

The percentage of each group who improved their 

performance on each of the four skills was calculated. Also. the 

percentage of each group who showed no improvement because 

they had correct responses for the skill on both the pre and post

test was tabulated. Total control group vs. treatment group 

improvement percentages were computed as was an all males vs. 

all females improvement comparison. The graphing construction 

skill improvement is shown in Graph 4.7 below. 
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Graph 4.7. Improvement of Groups In Graphing Skills 
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i. Graphing skill improvement was judged on whether 

students could correctly label axes. correctly plot points. and draw 

curve-fit lines. Using these criteria. the female control group 

showed the greatest improvement. with 83% of the group 

improving their skills. As a total group however. the treatment 

group improved at a rate of 49% compared to 35% for the control 

group. Females. in general. had greater gains than males. averaging 

a 60% group improvement compared to 39% for the boys. 

The graphs were drawn correctly by 60% of the male 

treatment group. and males in general had a better pre-existing 

knowledge of this process skill. attaining a 39% correct answer level 

vs. a 30% level for females. Three of the control group students 



decreased in skill level performance compared to none of the 

treatment group. 

Interpreting Graphs 
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The improvement of students' skill in interpreting graphical 

data was judged by noting if students used more sophisticated 

language (such as directly or inversely proportional), and by 

looking at the correct use of units in their descriptions. Based on 

these criteria, the female control group showed the greatest gains, 

scoring a 60% improvement on this skill. In general however, the 

treatment group showed greater gains than the control by a 44% to 

33% margin. And as in the graphical construction skill, females in 

general out-improved the males by a modest 14%. 

A majority of the males in the treatment group correctly 

interpreted the graphs but did not improve their use of language or 

units over the treatment period. Graph 4.8 below summarizes 

these results. 
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Graph 4.8· Improvement ot Groups In Graph Interpretation 
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Identifying Variables 

The analysis of student improvement in identifying 

variables was done by comparing student answers to two 

questions on the pre and post-tests. In each. students had to 

identify controlled. manipulated. and responding variables in two 

hypothetical experiments. The greatest difference in improvement 

between treatment and control groups occurred with this skill with 

a 50% improvement in the treatment group compared to only a 25% 

improvement rate for the control group. Females. combined across 

both treatment and control. out-improved the male groups 50% to 

39%. 

Pre-existing skill in variable identification was uniformly low. 

except for the male treatment group (N=5). averaging only 20% 
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correct identification on both tests across all groups. Three control 

group members moved from correct identification to incorrect 

while none of the treatment group did so. The results are given in 

Graph 4.9 below. 

Graph 4.9· Improvementof Groupe In Variable Identification 
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Hypothesis Identification 

Improvement in hypothesis identification was judged by 

comparing the correct number of responses in the two questions 

dealing with this skill on the pre and post-tests. Of the four skills , 

hypothesis identification improved the most for all four groups of 

students, averaging almost 50% improvement for all students 

tested. Also, as in the previous two skill areas, the treatment group 

showed a greater group improvement (50% to 40%) as did females 

over males (50% to 39%). 
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The number of correct responses on pre and post-tests was 

uniformly low for all groups averaging only 15%. Two treatment 

students decreased in performance compared with one of the 

control students. Graph 4.10 below shows the compilation of these 

results: 

Graph 4.10 - % Improvement for Groupe on Hypoth .. le Identification 
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Over all four process skills. treatment group individuals out

improved the control group by a group average 16%. Females 

across all groups out-improved males by an average 12%. It should 

be noted that none of the four skills were "taught" as part of the 

curriculum of the research course. Several types of graphs were 

discussed and produced by students. including histograms and 

variable star light curves. but no outline or procedural schemes 

were developed to curve fit. Variables. primarily controlling and 
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responding were discussed briefly at the beginning of each 

semester. But again. students received no practice, no worksheets, 

no drill. and no evaluation of these skills because of the nature of 

the research course. 

In the control class, graphing is taught as part of the course. 

Both straight line and curve drawing are covered as well as the 

mathematics of the slope of a line and at a point on the curve. 

Physics students interpret graphs on almost a weekly basis and 

discuss variables in experiments they do in the lab many times 

during the school year. 

Based on these curricular truths. gains in these process skills 

for the treatment group are very significant. While some gains 

would be expected for the control groups, the fact that gains are 

greater for the treatment group indicates that carrying out several 

research projects from the formulation of the original hypothesis to 

the analysis and publication of the results helps students to learn 

and understand these process skills through their application rather 

than in a contrived and artificial problem set up by their teacher. 

SUMMARY 

Chapter 4 summarizes the qualitative data analysis. These 

results contribute substantially to answering the research questions 

posed at the beginning of this study as well as offering new and 

unexpected insights on the effect of research-based education on 

student attitudes. 
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The demographics of the sample revealed that the control and 

treatment classed were, for the most part, similar in composition. 

Two significant differences were evident, one of them gender, with 

67% of the treatment group as female compared to 30% for the 

control group. The other difference was in the math grade average 

with the treatment group having lower average math grades than 

the control group by .35 of a grade point. 

The Attitude Towards Science and Math Classes Survey which 

was a section that preceded the TOSRA and NOSS tests revealed that 

girls in both the treatment and control groups like their science 

classes to a lesser degree than the boys in the class even though the 

grades for the girls in science are higher. This finding corroborates 

the studies of Sadker (1985), Dossey et. al. (1988), and Dick and 

Rallis (1992). 

Some modest gains in their enjoyment of science were 

realized by both the treatment and control groups. The largest gain 

was .3 of an enjoyment index. point for the treatment girls, the 

smallest was a decrease of .1 ip point for the treatment boys. 

The analysis of the "Scientific Research is ... " open-ended 

questions, to a large degree, uncovered changes in students' 

understanding about the nature of science in the context of 11l..sili: 

vocabulary and emotional state of mind. The different categories of 

analysis can be matched to research questions in Chapter 1. 

Category 1 (quality of the response based on linguistic 

structure) speaks to research question 3, "Does student 



163 

understanding of the nature of Science change after completion of 

the research-based class?" The increased richness of student 

responses demonstrates their increased awareness of the 

complexity of the research process. The use of dynamic 

descriptors rather than static ones in student definitions of research 

illustrates a fundamental shift in understanding. Before doing 

research, student responses show that students believe research to 

be an exercise in "gathering" or "collecting" of facts or numbers 

from libraries or experiments, and see it as a dry and clinical 

endeavor. After the completion of two research projects however, 

students see research as a dynamic process, describe it as a way of 

thinking, or as a methodology to discover answers to unknown 

questions. 

The affectivity of the post-research responses as shown in 

Figures 4.5 and 4.6 (Category 2) was an unexpected result. The 

preponderance of emotional responses for the post-research group 

was an enormous 50.4% of the total number of responses compared 

to a single response for the pre-research group (.8%). It is clear 

that students who do research develop a definite understanding 

that science is not all "fun and games", but is time-consuming, 

difficult work. Not one pre-research respondent had this view of 

scientific research. 

Category 3 of the "Scientific Research is .... question 

demonstrated that some increase in the assimilation of science

related attitudes took place over one school year as 32% of the 
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responses mirrored some aspect of the TOSRA attitude scales. 

Category 4 revealed an increase in the understanding of the nature 

of science as expressed by Kimball's model, with an increase in the 

percent of responses fitting the model rising from 7% to 31 %. 

The journal analysis showed large differences between the 

number and the nature of female comments on science as a 

discipline, science as a career, and the self-confidence issue. 

And, lastly, the process test evaluation showed a greater gain 

over all four process skills for the treatment group over the control 

group and a modest overall gain in improvement for girls over that 

of boys. 



CHAPTER 5 - QUANTITATIVE DATA ANALYSIS AND 
INTERPRETATION 

Introduction 
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In this chapter, the quantitative data analysis and results are 

discussed. Three separate survey instruments were given to 

students as pre and post tests. They were TOSRA (Test of Science 

Related Attitudes), NOSS (Nature of Science Scale), and a Career 

Survey. These will be analyzed and the findings delineated in this 

chapter as they apply to the six research questions listed in Chapter 

1. 

Test of Science Related Attitude Analysis 

TOSRA is a 70 item test which students respond to by 

answering each question with a five point Likert scale, A through E, 

with A indicating "strongly" disagree to E indicating "strongly 

agree." The test measures seven separate attitudes toward science, 

scientists, and careers in science, with ten questions for each 

attitude scale. Five points are given to "strongly agree" responses, 

four to "agree", and so on down to 1 point for "strongly disagree." 

Five questions in each set of ten are stated negatively and are 

scored in reverse numerical sequence (5-4-3-2-1) so each students' 

attitude scale score can range from a low of10 points to a perfect 

score of 50 points for each attitude scale. Total scores for TOSRA 

over all seven attitudes are not normally computed and were not 

summed in this study. 
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Sum scores for each of the attitude scales for each student 

were averaged by gender and by control or treatment group. 

Standard deviations were also computed. To test for significant 

differences between means for each subscale. a univariate. mixed 

design. repeated measures analysis of variance was performed 

using the Systat statistical program. The between subjects factors 

were Group (control vs. treatment) and Sex and the within subjects 

factor (repeated measure) was time (pre vs. post). Interesting 

relationships between mean scores and statistically relevant 

variances will be discussed for each of the seven scales following 

the tables of means and standard deviations for each. 

Table 5.1 - TOSRA Scale 1 - Manifestation of Favorable Attitudes 
Towards Science and Scientists 

G[QU12 ~[~t~st S, D, eQSu~st S,D, 
Control 40.1 1.27 41.4 1.27 
Treatment 40.8 1.37 40.8 1.37 
All Males 41.7 1.34 42.4 1.34 
All Females 39.3 1.30 41.4 1.31 
Control Males 39.6 1.48 41.4 1.47 
Control Females 40.7 2.07 40.9 2.08 
Treatment Males 43.8 2.24 43.3 2.24 
Treatment Females 37.8 1.58 38.2 1.59 

(Grand Means: Pre = 39.9. Post = 40.6) 

ANOV A Source Table For TOSRA Scale 1 

Between Subjects 

SQu[ce df MS F 12 

Group 1 .295 .01 .94 



Sex 
Group*Sex 
Error 

Within Subjects 

Source 

Time 
Group*Time 
Sex*Time 
Group*Sex*Time 
Error 

1 122.53 
1 146.58 
35 48.164 

df MS 

1 3.43 
1 4.73 
1 .71 
1 6.60 
35 12.19 

2.54 
3.04 

F 

.27 

.39 

.06 

.54 

.12 

.09 

P 

.604 

.537 

.811 

.467 
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Small gains were made in improving students attitudes 

towards science and scientists by females across all groups and by 

control males. However, the ANOV A indicated no significant 

differences between means by gender or by time across control and 

treatment groups. 

The pretest grand mean for this scale was very high 

compared to other high school groups in previous work done by 

Tashiro, Rowland (1991) showing a positive attitude for this scale 

item before the study was undertaken. The pretest mean of 

treatment males was the highest (43.8) and begins a trend of high 

attitude scores for this small group (N = 6). A "ceiling effect" may 

be operating here. Starting at such a high level makes it difficult to 

realize significant improvements over time. Females pretest scores 

were lower than males by 1.1 points, another trend which is carried 

through all seven of the scales. Scores for attitudes towards 

science, scientists, and careers in science were not as high or 

females in this study as for males in any of the seven TOSRA scales. 



Table 5.2 - TOSRA Scale 2 - Favorable Attitudes Towards 
Identifying Scientists as Normal Human Beings 

Groyp Pr~t~~t S,D, PQ~tt~~t 
Control 35.4 1.00 37.6 
Treatment 38.7 1.08 40.8 
All Males 37.4 1.06 39.4 
All Females 36.9 1.03 38.9 
Control Males 34.1 1.16 36.6 
Control Females 36.7 1.64 38.6 
Treatment Males 40.7 1. 78 42.3 
Treatment Females 36.7 1.26 39.2 

(Grand Means: pre = 36.4, post = 38.6) 

ANOV A Source Table For TOSRA Scale 2 

Between Subjects 

SQyr~~ df MS F P 
Group 1 179.34 5.63 .023* 
Sex 1 6.86 .22 .646 
Group*sex 1 150.19 4.70 .037* 
Error 35 31.86 

Within Sybjects 

SQY[~~ df MS F P 
Time 1 78.24 6.625 .014* 
Group*Time 1 .039 .003 .954 
Sex*Time 1 .039 .003 .954 
Group* Sex *Time 1 2.34 .199 .659 
Error 35 11.81 

*indicates effect significant at = .05 
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S.D. 
1.15 
1.24 
1.21 
1.18 
1.33 
1.88 
2.03 
1.43 

Both control and treatment groups improved between 2 to 2.5 

points over the pre- and posttest period. The treatment class had 
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no significant effect on the attitude of students towards scientists 

when compared to the control class. But the treatment class had a 

substantially higher pre and post test mean score than the control 

class. Both classes had a significant positive change in attitude over 

the pre and post test period (Time interaction), F(1,35) = 6.625. 12 = 

.014. It seem that the physics class experience also improves the 

attitude towards scientists to a degree equal to that of the research 

group. 

There was also a significant Group*Sex interaction over both 

pre- and posttests F(1.35) = 4.71, 12 = .037. Treatment males have 

significantly different attitudes than control males towards 

scientists as human beings. This might result from the perception 

of male physics students that physicists are all odd. Einstein-like 

men. Treatment students may have a more generalized. normalized 

view of scientists in an astronomy context. 

Table 5.3- TOSRA Scale 3 - Acceptance of Scientific Inquiry as a 
Way of Thought 

G[QUI2 f[~t~st S 12, fQ5U~St S,D, 
Control 39.8 1.32 39.5 1.43 
Treatment 40.4 1.43 42.3 1.54 
All Males 40.3 1.39 41.3 1.50 
All Females 39.9 1.36 40.5 1.46 
Control Males 38.1 1.53 39.1 1.65 
Control Females 41.6 2.16 39.9 2.33 
Treatment Males 42.7 2.33 43.5 2.51 
Treatment Female 38.2 1.65 41.2 1.78 

(Grand Means: pre = 39.4. post = 40.6) 
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ANOV A Source Table For TOSRA Scale 3 

Between Subjects 

SQIH!;;~ d( MS E P 
Group 1 50.64 1.13 .298 
Sex 1 7.39 .16 .689 
Group*Sex 1 131.44 2.90 .097 
Error 35 45.28 

Within Subjects 

S Qll[Q~ d( MS E P 
Time 1 10.96 .43 .514 
Group*Time 1 21.58 .85 .362 
Sex*Time 1 .41 .016 .899 
Group*Sex*Time 1 26.41 1.04 .314 
Error 35 25.27 

The control group in Table 5.3 had a small decrease in 

positive attitude (.3 pt) while the treatment group had an increase 

(1.9 pts.). Treatment males continue to show the highest pre and 

post attitude scores. Analysis shows no significant differences 

between treatment/control or gender groups. 

Table 5.4 TOSRA Scale 4 - Adoption of Favorable Scientific Attitudes 

GrQllP 
Control 
Treatment 
All Males 
All Females 
Control Males 
Control Females 
Treatment Males 
Treatment Female 

Pretest 
37.9 
42.3 
40.9 
39.3 
37.5 
38.3 
44.3 
40.2 

S. D. 
1.19 
1.29 
1.25 
1.22 
1.37 
1.94 
2.11 
1.48 

Posttest 
38.8 
42.1 
41.1 
39.5 
39.0 
38.6 
43.7 
40.5 

S.D. 
1.09 
1.19 
1.15 
1.12 
1.26 
1.79 
1.93 
1.37 



170 

(Grand Means: pre = 39.5, post = 40.1) 

ANOYA Source Table For TOSRA Scale 4 

Between Subjects 

Source df MS F --!2 
Group 1 255.17 6.80 .013* 
Sex 1 51.17 1.36 .251 
Group*Sex 1 61.32 1.66 .206 
Error 35 37.52 

Within Subjects 

SQyrc~ df MS F P 
Time 1 2.02 .18 .676 
Group*Time 1 5.23 .46 .502 
Sex*Time 1 .10 .01 .927 
Group*Sex*Time 1 4.89 .43 .516 
Error 35 11.35 

In Table 5.4, a significant difference between treatment and 

control group scores over both tests occurred, F(1,35) = 6.80, P. = 
.014. Evidently, treatment students, who have to apply to enter the 

class, come into the research situation with a higher degree of 

favorable scientific attitudes. Changes in attitude over the school 

year were minimal over all groups with treatment males showing a 

slight decrease in attitude (.6 pt.). No statisticaly significant 

differences in within subject means were found. 

Table 5.5 - TOSRA Scale 5 - Enjoyment of Science Learning 
Experiences 

Group Pretest s. P. Posttest S.P. 
Control 37.2 1.61 39.6 1.50 



Treatment 
All Males 
All Females 
Control Males 
Control Females 
Treatment Males 
Treatment Female 

41.3 
40.5 
38.0 
36.4 
38.0 
44.7 
37.9 

1. 74 
1.70 
1.66 
1.86 
2.63 
2.84 
2.01 

(Grand Means: pre = 38.4, post = 40.0) 

ANOV A Source Table For TOSRA Scale 5 

Between Subjects 

Source 
Group 
Sex 
Group*Sex 
Error 

Within Subjects 

Source 
Time 
Group*Time 
Sex*Time 
Group*Sex*Time 
Error 

df 
1 
1 
1 
35 

df 
1 
1 
1 
1 
35 

MS 
41.25 
32.58 

196.27 
64.16 

MS 
25.41 
25.41 
25.41 
10.64 
26.24 

F 
2.20 

.51 
3.06 

F 
.97 
.97 
.97 
.41 

41.3 
40.5 
40.4 
38.4 
40.9 
42.7 
39.9 

P 
.147 
.481 
.089 

P 
.332 

.. 332 
.332 
.528 

1.62 
1.58 
1.54 
1. 73 
2.44 
2.63 
1.86 
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Control and treatment groups again have a large pretest 

difference in means (37.2 for control to 41.3 for treatment) 

although these differences were not significant. Even though the 

two groups appear to be demographically similar, their attitudes 

towards science at the beginning of the year are not. Females show 

a positive gain of 2.4 pts., while males show no gain at all. No 

significant differences were found by analysis of variance. 
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Table 5.6- TOSRA Scale 6 - Development of Interests in Science and 
Science Related Activities 

G[OUP ~r~t~st S, Q, 
Control 29.7 l.69 
Treatment 37.7 l. 81 
All Males 35.2 1.79 
All Females 32.2 l.74 
Control Males 28.7 1.96 
Control Females 30.7 2.77 
Treatment Males 41.7 2.99 
Treatment Female 33.7 2.11 

(Grand Means: pre = 32.6, post = 34.7) 

ANOV A Source Table For TOSRA Scale 6 

Between Subjects 

Source 
Group 
Sex 
Group*Sex 
Error 

Within Subjects 

Source 
Time 
Group*Time 
Sex"'Time 
Group'" Sex "'Time 
Error 

df 
1 
1 
1 
35 

df 
1 
1 
1 
1 
35 

MS F 
830.72 9.38 
149.89 1.69 
324.89 3.68 

88.58 

MS F 
58.48 2.03 
19.02 .66 

.00 .00 
6.54 .23 

28.81 

~ostt~st S,12, 
32.6 l.84 
38.5 l. 99 
37.0 1.95 
34.1 l.90 
32.2 2.13 
33.0 3.01 
41.8 3.26 
35.2 2.30 

P 
.004* 
.202 
.064 

P 
.163 
.422 
.995 
.637 

The differing attitudes of the control and treatment groups 

peak when the development of interests in science and science 

related activities are analyzed in Table 5.6. The analysis of 
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variance reveals a significant difference between control and 

treatment groups over both tests combined. F = 9.38. ,12. < .01. The 

lack of an interaction suggests that these differences do not depend 

on time. Interest in science and science related activities seem 

ingrained when students enter the class and remain unchanged as 

the year progresses. 

Females also lag behind their male counterparts to the 

greatest degree on this scale. registering a 32.2 compared to 35.2 

for the males. The effect for sex is not significant. but the 

interaction of Sex and Group is close to significance. suggesting that 

the differences between control and treatment males was again 

significantly larger than for females. This diminished interest of 

females in science and activities in science confirm previous studies 

by Sadker and Sadker (1989). and Zimmerer and Bennett (1987). 

Table 5.7 - TOSRA Scale 7 - Development of Interest in Pursuing a 
Career in Science 

GrQ1H2 Pr~t~st S, D, PQSU~st S,D, 
Control 32.0 1.45 33.6 1.39 
Treatment 34.7 1.56 37.4 1.50 
All Males 34.8 1.52 37.4 1.46 
All Females 31.9 1.48 33.7 1.42 
Control Males 32.1 1.67 33.6 1.61 
Control Females 31.8 2.35 33.7 2.26 
Treatment Males 37.5 2.55 41.2 2.45 
Treatment Female 32.0 1.80 33.7 1. 73 

(Grand Means: pre = 32.8, post = 34.8) 



ANOVA Source Table for TOSRA Scale #7 

Between Subjects 

Source 
Group 
Sex 
Group*Sex 
Error 

Within Subjects 

Source 
Time 
Group*Time 
Sex*Time 
Group* Sex *Time 
Error 

df MS 
1 185.35 
1 184.00 
1 180.00 
35 53.64 

df MS 
1 81.33 
1 4.26 
1 2.91 
1 5.98 
35 21.26 

F 
3.45 
3.43 
3.36 

F 
3.82 

.20 

.14 

.28 

p 
.071 
.072 
.075 

P 
.059 
.659 
.714 
.599 
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Although no effects were significant at the .05 level of alpha, 

p values of < .10 were found for all three main effects, as well as 

the interaction of time for both groups. This is due to the larger 

difference in means between males and females in the treatment 

group than in the control group. All groups scored somewhat 

higher on the posttest than on the pretest but treatment males 

were substantially higher in their interest in science as a career 

than any other group. These results correspond with much of the 

qualitative analysis which shows a general increase in interest in 

science careers, particularly for males rather than for females, but 



with no truly significant effects due to the research-based 

instruction. 

Nature of Science Scale Analysis 
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The Nature of Science Scale (NOSS) examines students' 

understanding of the science process as expressed by Kimball's 

model (1968). A 30 question survey, the NOSS test requires 

students to agree or disagree with each statement, and assigns a 

score of 1 for agreement with the model and a ° for disagreement. 

So, complete agreement with the Kimball model would result in a 

score of 30, while perfect disagreement would result in a zero sum 

score. 

The NOSS is composed of eight separate scales or model 

statements although few researchers break down student scores 

into individual scales (see Andersen, Harty, et. al., 1986) who break 

NOSS down into scales and even individual questions to examine 

differences between groups of pre-service teachers). Most 

researchers prefer instead to give only total NOSS scores to 

investigate student changes in understanding. Each of the eight 

model declarations scores are based on a varying number of 

questions nested within the thirty item instrument. The number of 

items used to measure each model declaration ranges from just one 

question to examine declaration #2 (Science is a dynamic, rather 

than static activity) and #7 (Science is unique in its openness), to 
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nine questions for declaration #4 (There is more than one "scientific 

method"). 

In this study both total NOSS scores and individual model 

declaration scores were summed and standard errors were 

computed. The individual model declaration scores are listed as a 

proportion of agreement score obtained by summing the number of 

correct responses in each declaration and then dividing it by the 

number of possible correct responses. Thus, a 0 indicates complete 

disagreement with the model declaration while a 1.0 indicates 

complete agreement. 

A mixed design, repeated measure, univariate analysis of 

variance was performed using the SYST AT statistical computer 

programfor several of the subscales (#1, consisting of 7 questions, 

#4, consisting of 9 questions, and #8, consisting of four questions) 

were analyzed. The other scales, which are based on student 

response to three or fewer questions were not analyzed because of 

doubtful reliability and small sample size considerations. Any 

significant differences in means are listed under the matching scale. 

The total NOSS scores are shown below. 

Table 5.8 - NOSS Total Scores and Standard Errors for Pre and Post 
Test Groups 

Group 
Control 
Treatment 
All Males 
All Females 
Control Males 

Pretest 
10.9 
11.4 
10.9 
11.3 
10.6 

S. P. 
0.72 
0.77 
0.75 
0.73 
0.83 

Posttest 
12.2 
13.8 
12.7 
13.2 
11.2 

S.P. 
0.77 
0.83 
0.81 
0.79 
0.89 
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Control Females 11.1 1.17 13.1 1.25 
Treatment Males 11.3 1.26 14.2 1.36 
Treatment Females 11.4 0.89 13.5 0.96 

ANOV A Source Table For Total NOSS Scores 

Between Subjects 

SQU[~~ df MS E 12 
Group 1 20.33 1.24 .273 
Sex 1 3.96 .24 .626 
Group*Sex 1 10.24 .62 .434 
Error 35 16.37 

Within Subjects 

SQU[~~ df MS E 12 
Time 1 61.54 14.51 .001 * 
Group*Time 1 5.57 1.31 .260 
Sex*Time 1 0.39 .09 .761 
Group*Sex*Time 1 4.78 1.12 .296 
Error 35 4.24 

All total NOSS scores reveal consistent improvement across 

both gender and control and treatment groups, with male control 

students improving the least (.6 item), and male treatment students 

the most (2.9 items). Pretest scores of all groups were similar 

(Grand Mean = 11.0), but posttest scores were scattered, ranging 

from 11.2 to 14.2 (Grand Mean = 12.7). The treatment group 

improvement (11.4 to 13.8) was greater than that for the control 

group (10.9 to 12.2), but the time vs. treatment interaction was not 

significant at the p < .05 level. 

The main effect for time was significant, F(1,35)=14.5, p< .01, 

demonstrating a consistent improvement in both groups. Because 
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there was no interaction of time with group, there was no effect of 

research-based instruction over the physics control class instruction 

in changing students' understanding of the nature of science. 

Table 5.9 - NOSS Model Declaration 1 - The fundamental driving 
force in science is curiosity concerning the physical universe. 

Q[QUIl ~I~t~st S, 0, 
Control .32 .05 
Treatment .37 .05 
All Males .30 .05 
All Females .39 .05 
Control Males .28 .05 
Control Females .36 .07 
Treatment Males .33 .08 
Treatment Females .42 .05 

(Grand Means: Pre = .34, Post = .37) 

ANOV A Source Table for NOSS Scale 1 

Between Subjects 

SQu[ce 
Group 
Sex 
Group*Sex 
Error 

Within Subjects 

SQu[ce 
Time 
Group*Time 
Sex*Time 
Group*Sex*Time 
Error 

df 
1 
1 
1 
35 

df 
1 
1 
1 
1 
35 

MS F 
.095 1.56 
.075 1.23 
.073 1.20 
.06 

MS F 
.043 2.15 
.007 .37 
.007 .37 
.089 4.40 
.020 

~QSU~st S,D, 
.35 .05 
.44 .05 
.37 .05 
.42 .05 
.26 .06 
.44 .08 
.49 .08 
.40 .06 

12 
.220 
.275 
.282 

12 
.152 
.546 
.546 
.043* 
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The treatment group showed an greater increase in 

agreement than the control group on this scale item (.07 compared 

to .03) which correlates with ~e Chapter 4 discussion of curiosity in 

student journals. Treatment males had the greatest gain, .16, while 

two groups, the treatment females and control males, had a small 

negative change of .02. 

The analysis shows a significant difference between 

control/treatment and gender interaction over dme, EO ,35) = 
4.395, Il < .05. The plot of interaction is shown below as Graph 5.9a. 

Graph 5.9A 
NOSS Scale #1 • Differences Between Sexes 
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A Tukey Pairwise Post Hoc Contrast test was performed on 

this interaction. One significant difference between means was 

found at the p < .05 confidence level for posttest scores for 
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treatment vs. control males. Treatment boys have a significatnly 

deeper understanding that curiosity is the driving force of science 

after they have completed a research project of their own. 

Table 5.10 - NOSS Model Declaration 4 - There is no one "scientific 
method. 

Group Pr~te~t S, D, 
Control .44 .04 
Treatment .40 .04 
All Males .35 .04 
All Females .48 .04 
Control Males .39 .04 
Control Females .49 .06 
Treatment Males .31 .06 
Tre.atment Females .48 .04 

(Grand Means: Pre = .43, Post = .46) 

ANOV A Source Table for NOSS Scale 4 

Between Subjects 

Source 
Group 
Sex 
Group*Sex 
Error 

Within Subjects 

Source 
Time 
Group*Time 
Sex*Time 
Group* Sex >!cTime 
Error 

df 
1 
1 
1 
35 

df 
1 
1 
1 
1 
35 

MS 
.001 
.242 
.000 
.042 

MS 
.040 
.018 
.004 
.017 
.016 

F 
.03 

5.71 
.01 

F 
2.57 
1.17 

.27 
1.09 

Post~st S,D. 
.45 .04 
.48 .05 
.42 .05 
.52 .04 
.39 .05 
.52 .07 
.44 .08 
.52 .05 

P 
.865 
.022* 
.922 

P 
.118 
.286 
.605 
.304 
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The analysis of variance for this model point revealed 

significant male and female differences. Scores were somewhat 

higher for females (.48 vs .35 for males) on the pretest and the 

posttest (.52 vs .42). There was a significant difference between 

scores of males and females averaged across pre and post tests, 

F(1,35) = 5.71, p.. = .022. This supports the results of the journal 

analysis in which females express many ideas on the different ways 

of "doing" science. 

Table 5.11 - NOSS Model Declaration 8 - Tentativeness and 
uncertainty mark all of science. 

G[QYIl e[~t~st 5, D, 
Control .31 .06 
Treatment .31 .06 
All Males .40 .06 
All Females .23 .06 
Control Males .38 .07 
Control Females .24 .10 
Treatment Males .42 .10 
Treatment Females .21 .07 

(Grand Means: pre = .31, post = .41) 

ANOV A Source Table for NOSS Scale 8 

Between 5 ubjects 

5Qurce 
Group 
Sex 
Group*Sex 
Error 

Within Subjects 

df M5 
1 .020 
1 .251 
1 .016 
35 .084 

F 
0.24 
3.00 
0.18 

eQSu~st 
.38 
.45 
.45 
.38 
.40 
.36 
.50 
.41 

Il 
.628 
.092 
.670 

S,D, 
.05 
.05 
.05 
.05 
.06 
.08 
.09 
.06 
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SQIH~~ d( MS E ~ 
Time 1 .174 5.70 .023* 
Group*Time 1 .024 .79 .382 
Sex*Time 1 .042 1.37 .250 
Group*Sex*Time 1 .000 .02 .901 
Error 35 .031 

Both groups had significant gains in positive attitude over the 

pre/post test period, EO ,35) = 5.70, 12. = .023. The research-based 

curriculum had no effect, nor did gender, although the treatment 

females had the greatest gain, moving from .21 to .41. Pretest 

scores for both groups of females were substantially lower that 

those of the male groups, though not significant at the p < .05 level 

of confidence. 

Career Survey Analysis 

Students were asked fourteen questions dealing with their 

views on research, careers in science, and the educational 

background of their families. Several of these have been discussed 

earlier in Chapter 4. The ones chosen for discussion here bear some 

relevance toward answering three of the research questions in this 

study. 

Each question asked for either an "agree" or "disagree" 

response. Since this study is interested in uncovering positive or 

negative changes to the treatment, by gender, tables were 

constructed which show the number of positive, neutral, and 

negative changes in student's responses over the period of one 

school year. The sample size in some of the bins made the use of 
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chi square analysis unreliable. The tables are intended to show 

trends of student change, not statistically significant truths. Sample 

size is a large problem in the study, particularly the small number 

of control females (6) and treatment males (7). These question 

tables will be given with comments on the trends expressed 

following each item. A positive change will be indicated by a Oil 

or 110 (agree = 1, disagree = 0), no change will be indicated by a 

010 or 111, and a negative change will be indicated by a 110 or a 

0/1, depending on the phrasing of the question. 

Table 5.12 - Ql00 - Science is my top career choice. 

Positive Neutral Negative 
Group ± (0/1) (010) (1 11) - (1 to Q) 

control males 6 5 2 0 
~Qntrol femal~~ 1 J J 0 
total control 7 8 5 0 

treatment males 2 2 2 0 
tr~atm~nt f~mal~~ 1 ~ 6 0 
total treatment 3 8 8 0 

The treatment and control classes were uniform in terms of 

the number of students who started and finished the year not 

wanting a career in science (8, 8). Twice as many control students 

ended the year with science as their top career choice than 

treatment students. Both physics and research classes seem helpful 

in allowing students to make science a viable career choice. Two 

more important numbers stand out. Of the ten students who 
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expressed a positive change to a science career, 8 were males, a 

reinforcement of previous gender research (see Sadker and Sadker, 

1988, Smith and Erb, 1991, Linn, 1986). Also, none of the control 

or research students had a negative response, unusual in light of 

studies which often show a regression of student interest in science 

as the school year progresses (Tashiro and Rowland, 1991). This 

question is coupled to question #114 which addresses science as a 

career option expressed negatively. See the discussion which 

follows its table. 

Table 5.13 . QI07 . I view research as a job for extremely 
intelligent people only. 

Positive Neutral Negative 
Group + (1/0) (0/0) (1 /1) -Will 

Control Males 1 1 1 0 2 
CQnt[QI E~mal~s Q 5 1 1 
Total Control 1 16 1 3 

Treatment Males 1 5 0 0 
I[~atm~Dt E~mal~s 2 lQ Q 1 
Total Treatment 3 1 5 0 1 

It is obvious that this sample of high school students do not 

view science as a career for only the intellectual elite. The primary 

difference between control and treatment groups on this question 

was the modest positive gain by the treatment group compared to a 

similar number of negative responses for the control group. 
Table 5.14 . Ql09 - I perceive research to be a lot more hard work 
than fun. 



Group 

Control Males 
Control Females 
Total Control 

Treatment Males 
Treatment Females 
Total Treatment 

Positive 
(1/0) 
fun 

4 
o 
4 

2 
o 
2 

Neutral 
(0/0) (1/1) 

2 
3 
5 

1 
7 
8 

6 
3 
9 

1 
1 
2 

Negative 
- (0/1) 
work 

2 
1 
3 

2 
5 
7 
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Several interesting trends appear when students are asked to 

classify research as "hard work" or "fun". The positive response 

"fun" was designated arbitrarily since some researchers, as well as 

some teachers, may consider the understanding that the doing 

science is "hard work" to be a more positive response than the "fun" 

aspect of it. The intention of the question, however, was to gauge 

the enjoyment of students for their science experience, matching 

TOSRA category #5. 

Thirty-seven percent of the treatment group changed from 

research is "fun" to research is "hard work." This finding mirrors 

this discussion in Chapter 4 on the "Scientific research is ... " question 

analysis. Forty-two percent of the treatment group began and 

ended their research experience thinking that research is fun 

compared to 24% of the control group. This trend is reversed for 

students in each group who began and ended the year thinking that 

research was hard work with a 43% control group compared to an 

11 % treatment group response. 
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Table 5.15 - QIIO - To me, research is equivalent to library work. 

Positive Neutral Negative 
Group + (1/0) COlO) (lll) - (OIl) 

Control Males 4 2 4 4 
CQDt[QI E~mlll~s 1 5 Q 1 
Total Control 5 7 4 5 

Treatment Males 2 2 1 1 
I[~atm~nt E~mlll~s 4 6 1 J 
Total Treatment 6 8 2 4 

This question and the one that follows it examines students' 

perception of the research process. Both treatment and control 

classroom curriculum seem to have improved their view of science 

as more than just a library experience, which is viewed in this 

studt=y as a positive response. On the negative side, four treatment 

students .d.Q. see research as a library experience after treatment, 

which is noisome, particularly in light of the treatment responses to 

Qili. Perhaps the extensive library work associated with the 

second semester variable star project review of the literature led to 

this conclusion for four members of the research class. 

Table 5.16 - Qlll - To me, research is synonymous with discovery. 

Positive Neutral 
Negative 
G[QuP + (Q 11) (Q/o) (1/1) -Clio) 

Control Males 1 2 1 1 0 
CQntrQI F~maI~s Q Q ~ Q 
Total Control 1 2 1 7 0 
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Treatment Males 0 0 6 0 
Tr~atment Females 2 0 1Q 1 
Total Treatment 2 0 1 6 1 

An overwhelming number of students in both control and 

treatment classes see research as a discovery process. No 

significant differences between the two classes are evident with 

exception of the number of negative responses of the treatment 

group in Q 111 not correlating with the frequency of negative 

response in this question. 

the 

Table 5.17 - Q1l2 - I see no difference between the terms science 
and technology. 

Positive Neutral Negative 
Group + C1 102 (Q/02 (Ill ) - CO 11) 

Control Males 4 4 3 3 
CODt[OI E~mal~s Q :l 1 2 
Total Control 4 8 4 5 

Treatment Males 0 5 0 1 
I[~atm~Dt E~mal~s 2 11 Q Q 
Total Treatment 2 16 0 1 

One of the outcomes of the research experience was planned 

to be a recognition by students that science and technology are 

different concepts which should not be interchanged. The research 

experience seemed successful, not in promoting a positive change, 

but in preventing a negative one. The control class had 5 negative 

changes compared to only one of the treatment group. 
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Table 5.18 . Ql13 - Most of my present knowledge concerning the 
process of research comes from my English teacher. 

Positive Neutral Negative 
Group t (1 10) COlO) ClIO - (011) 

Control Males 1 5 6 2 
CQntrol Female~ Q Q 1 0 
Total Control 1 1 1 7 2 

Treatment Males 1 5 0 0 
Tr~atment Fem~les 5 5 2 1 
Total Treatment 6 10 2 1 

This is a true statement for almost half of the control group, 

but only forlO% for the research grol1p. Previous work of this 

investigator has demonstrated that much of what high school 

students know about research comes from discussion of "research" 

papers in their English classes. The research experience was 

sucessful in transforming students' definitions from an English

based one to an experiential scientific one, at least for 16 out of the 

19 respondents. 

Table 5.19 - Q114 - I could never picture myself doing research on 
a full-time basis. 

Positive Neutral Negative 
Group t(l/Ql (o/Ql ( Ill) - (011) 

Control Males 2 4 7 0 
CQot[QI E~mal~s 1 3 2 1 
Total Control 3 7 9 1 

Treatment Males 2 4 0 0 
I[~atm~ot E~mal~s 3 5 ~ 1 
Total Treatment 5 9 4 1 
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This question was written as a negative form of Ql00. Some 

differences were evident between control and treatment groups. 

The number of positive changes for the treatment group was 

slightly higher (5) than the control group (3). Also, the number of 

students in the control group who maintained a negative stance 

towards research as a career (1 to 1, or 0 to 1) was significantly 

higher for the control group (10) compared to the treatment group 

(5). 

SUMMARY 

1. TOSRA 

Small gains were made by treatment and control groups on 

many of the seven attitude scales. The treatment group out-gained 

the control group in only two out of the seven scales. But, the 

treatment group had consistantly higher scores on all seven scales 

on the pretest, demonstrating a more favorable attitude towards 

science before the treatment period began. A possible ceiling effect 

operated on the treatment group as high initial positive attitudes, 

possibly a function of the students self-selection to enter the 

research class, may have inhibited large gain. 

Female scores were lower for all seven scales on the pretest 

than those for males. Both males and females showed similar gains 

over all seven scales, averaging improvements of 1.2 and 1.3 

res pectively. 

2. NOSS 
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The treatment group experienced slightly more positive gain 

than the control group on the total NOSS score as well as the three 

individual scales chosen for examination. For the total NOSS score, 

both control and treatment groups made significant gains from the 

pre to post testing period. However, this change was curriculum 

independent. The treatment group had small improvements in 

understanding on all of the eight NOSS scales. One significant 

finding is that no regression occurred in any of the NOSS scales. 

None of the within subjects interactions proved to be significant. 

3. Career Survey 

A substantial number of students in both control and 

treatment groups had a positive response to science as a top career 

choice (QI00). Thirty-five percent of the control group and 16% of 

the treatment group changed over to science as a top career choice 

over the course of one school year. Also of interest is the fact that 

no one in either the treatment or control group gave a negative 

response to this question. So neither class was a "turn off' for a 

career decision. 

Question 114, "I could never see myself doing research full 

time.", was also indicative of students' changing their mind about 

science and research after having an opportunity to experience it, 

with 26% of the treatment students exhibiting a positive change. 

Other questions show that research students think of science 

as an exercise in discovery which is more hard work than fun. Both 
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the treatment and control group students also think that scientific 

research can be a career choice for ordinary, non-elite students. 

In Chapter 6, the discussion of the results from Chapter's 4 

and 5 will be given in light of the original research questions 

outlined in Chapter 1. Also, implications of this study for 

curriculum development, gender equity in science classrooms, and 

for classroom teachers will be delineated. 



CHAPTER 6 

DISCUSSION AND IMPLICATIONS OF THE RESULTS 

INTROPUCfION 
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This chapter will begin with a re-statement of the research 

questions from Chapter 1. Each question will be followed by a 

discussion using data analysis from Chapters 4 and 5 which helps to 

describe the answer to each question. This section will be followed 

by the implications of this study for curriculum development and 

for teachers in science education. A discussion of the impact of 

research-based education on the gender equity problem in science 

is then given. The final two sections of the chapter will discuss the 

weaknesses of the study and a number of future research projects 

which evolve from the results of this study. 

Discussion of Research Ouestions 

Question #1 - Do student attitudes change in six categories of 

conceptually different attitudinal aims of science education after 

they experience a research-based curriculum? 

The results of TOSRA showed positive gains in attitude for 

students after they experience a research-based curriculum for six 

out of the seven TOSRA scales. However, the control group had 

similar gains so the analysis of variance showed no statistically 

significant differences between control vs. treatment or male vs. 

female interactions. Several of the qualitative instruments pointed 
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to positive gains in attitude. some of which parallel TOSRA. and 

some of which reflect the nature of the attitude change. 

Section 4 of the "Scientific Research is ... " question analysis 

revealed a substantial increase in positive attitudes toward science. 

scientists. and enjoyment of science activities. While only 3% of 

pre-research questions contained a TOSRA attitude statement. 32% 

of post-research responses mentioned a TOSRA scale as part of their 

definition of research science. Most of these responses fell into 

TOSRA categories 1 and 4 (Positive attitudes towards science and 

scientists. and Enjoyment of science activities). but all seven were 

represented at least once. 

The journal analysis revealed an overwhelming number of 

positive comments concerning the nature of science and scientists 

(Scale #1 of TOSRA). The comments on the nature of science. 

heavily weighted in terms of number of items towards females. 

centered on the perception of science as an exciting. curiosity

driven process which " ... satisfies your hunger for unfulfilled 

questions." Many of the comments reveal what is evident in other 

parts of the qualitative evaluation: many students enjoy the 

discovery/research process. Fostering this single attitude has far 

reaching consequences on the transfer aspect of learning. Will 

students. after gaining a positive attitude foothold in science 

continue to take science courses and join in other science activities? 

Only a longitudinal study, perhaps over a five or six year span 

could attempt to answer this question. 
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Many of the positive statements concerning the normality of 

scientists addressed the surprise of students confronting a 

misconception about scientists. Stereotypes such as all scientists 

are old and gray-haired, humorless, and work at a telescope every 

day, are destroyed as students travel into the scientists' actual 

work environment. Talking with and working with scientists 

significantly changes student perceptions about them. Scientists 

change from Einstein images with white coats and emotion-less 

demeanors to "He was so normal...like a Dad" and, "This guy was 

HUMAN!" 

The field trip experiences in the research-based course and the 

visits by scientists into our classroom were a vital and 

indispensable agent in effecting this change of attitude in research 

students. 

Question #2. Do student attitudes change toward science as a 

career after they complete a research-based curriculum? 

Several quantitative and qualitative methods were employed 

to investigate if research-based instruction affected attitudes 

towards science careers. Larger gains (2.7 questions) were realized 

by the treatment group on TOSRA Scale #7 (Development of an 

interest in pursuing a career in science.) than the control group (1.6 

questions). But none of the interactions between male/female or 

treatment/control were found to be statistically significant. 

In the journal analysis, female students made 16 comments 

on changes in their attitudes toward science as a career. Only one 
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of these was negative. and almost all of the positives were made 

after one of the research courses field trips. 

In the Career Survey. several items addressed this research 

question. Ql00 (Science is my top career choice.) shows that 3 

treatment and 7 control students shifted from a "no" to "yes" on this 

question. a total gain of 25% for both groups combined. One 

important finding is that 8 out of the 10 positive changes were 

males. further supporting recent research which shows the 

predominance of males choosing science over females after high 

school careers (National Science Board. 1989). This is even more 

surprising when QI07 is analyzed (I view research as a job for 

extremely intelligent people only.). Thirty-one out of the sample of 

39 control and treatment students see research as a job for less 

than brilliant students. yet females. armed with better science and 

math grades than the males in the sample opt not to consider 

science as a career with as great a frequency. 

Q 114 (I could never picture myself doing research on a full

time basis.). asks students to think of the possibility of science as a 

career rather than "a top career choice" as in Q100. The results of 

this question are more positive towards the treatment group as 74% 

of them disagree with the statement at the end of their research 

experience. which is a 26% positive change compared to 50% 

disagree and a 15% positive change for the control group. Also. 

twice as many of the control group population maintained a 

negative stance through the study. 



Overall, some changes in attitude were evident but no 

significant changes occurred due to research-based curriculum. 

196 

Question #3 - Does student understanding of the nature of 

science change after completion of the research-based curriculum? 

Many types of analysis revealed that students understanding 

of the nature of science changes considerably after they "do" 

scientific research. 

Quantitatively, the improvement in total NOSS score was 

substantial (11.4 to 13.8) and exceeded the control group 

performance, although it was not a statistically significant 

difference. Generally, treatment students showed greater 

improvement on all NOSS scales, with #1, #4 and #8 showing the 

greatest differences. But, again, none of the differences was 

significant except for a treatment/control *male/female interaction 

on scale #1 , which shows a significant difference between male 

control and male treatment scores. 

The "Research is .. " question analysis revealed a series of 

interesting changes in students perception of the nature of science. 

The pre-test section of category 1 shows that students believe 

science to be a collecting or gathering process. Whether it is from 

books or from the library, students think that amassing facts will 

answer questions in science. This is not an unexpected result. 

Science curriculum for high school students is dissected into 

compartments and segments and vocabulary words by textbooks 

and lab materials. Science, in most of our schools, is a year-long 



collecting process for students as they attempt to accumulate 

knowledge for the tests at the end of each semester. moving 

chapter by chapter through the course material. 
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The post-test analysis of Part 1 reveals a totally 

different perception by students. Science becomes a more involved 

process for students. and they describe this process using dynamic 

words such as "discovery." 

Moreover. science becomes an emotional experience for 

students. as they use words like exciting. fun, interesting, 

challenging. and worthwhile. when they define it in Part 2 of the 

"Research is .. " analysis. The importance of this strong affective 

reaction to research in the classroom will be discussed in detail in 

the gender section of this chapter. 

Part 4 of the "Research is ... " question analysis shows a 

significant increase in understanding the nature of science between 

pre and post-test questions. Thirty-one percent of the post-test 

question answers fit the NOSS model compared to only 7% of the 

pre-test answers. 

In the first category of the journal analysis. "Reactions to 

science as a discipline.". many students. particularly the female 

ones, demonstrated an acute understanding of the nature of science 

in a series of their comments. The word "curiosity" was mentioned 

five times in contexts such as " .... research is driven by emotion and 

curiosity and. Science seems to be having enough curiosity and 

wonder about something ... to satisfy your hunger for unfulfilled 



questions." The knowledge that the science process can be a 

difficult adventure is expressed in student journals and 
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reverberates through all of the qualitative measures of this study. 

Along with this recognition comes the realization of the 

"connectiveness" of science and the acceptance of self-discipline and 

responsibility as personal attitudes necessary for its completion. 

The following three quotes illustrate these two points: (1) 

"Research teaches and DEMANDS responsibility." (2) "Science will 

never be inspiring unless they (students) know how to nurse ideas 

from seemingly unrelated facts and figures." (3) "Once I began to 

see science as relating ideas to formulate qnestions, it opened a 

whole new door for me." 

Several of the Career Survey questions revealed aspects of 

student changes in understanding the nature of science. Q 109 (I 

perceive research to be a lot more hard work than fun.) shows that 

almost half to the treatment girls began the year perceiving 

research as "fun" but ended the year thinking it to be "hard work." 

However, slightly more than half of the treatment class began and 

ended the year believing research to be more fun than hard work, 

so opinion was almost equally divided. 

QII0 and Qlll asked students whether they thought the 

word research was equivalent to library research or discovery. The 

results of the analysis is puzzling. Although a great number of the 

research students see research as a discovery process (17119), six 

also see research as being equivalent to library work. The meaning 
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of this is unclear. Perhaps four of the treatment students expect 

the process of discovery to be accomplished in the library. 

hearkening back to their entrenched definition of the nature of the 

science process. 

Question #4 - Are changes in attitude in 1-3 above identical 

by gender in a research-based class? 

Quantitatively. there were no significant differences between 

attitude changes between males and females. across the pre/post 

test time period. in treatment and control groups. Since the analysis 

of variance deals with a delta condition, that is. a change. 

differences in base level scores of positive attitudes are lost. In 

TOSRA. the interesting gender result dealt with this phenomena. 

Girls in both groups had lower initial and final scores on each one of 

the seven TOSRA scales. These differences ranged from small ones 

(.4 on Scale 3. Acceptance of inquiry, and .5 on Scale 2. Favorable 

attitudes towards scientists .. ) to large ones (3.0 on Scale 6. 

Development of interests in science activities ... , 2.9 on Scale 7, 

Development of interest in pursuing a career in science.). This 

result parallels the work of Yager and Pennick (1989) who show 

this attitude towards science gender gap increases from the 5th 

grade straight through the 12th. The uniformly lower TOSRA scores 

were mirrored by the results listed in Table 4.1 of this study which 

examined previous grades of treatment and control students 

compared to their enjoyment of math and science classes. Girls in 

both groups had lower "enjoyment indices" than males even though 



they had slightly higher grades in previous math and science 

classes. 
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Sex differences were somewhat more pronounced in the NOSS, 

with females across both groups improving their total scores by 2.9 

questions compared to 1.8 for the boys. The post-test level of both 

groups was fairly high (12.7 for boys, 13.2 for girls) when 

compared to a small, mixed sex, sample of pre-service teachers 

tested in the summer of 1993 whose post-test mean was 13.9 

(Lockwood, 1993). 

Some interesting differences in gender occurred in the 

analysis of individ~al NOSS scales. In item #1 (Fundamental 

driving force of science is curiosity .... ), a significant interaction 

effect between sex/treatment/control was found. However, the 

significant difference was a difference between control and 

treatment boys. The graph of the interaction shows both female 

groups improving slightly in between the disparate boy's group 

scores. 

When analyzing NOSS item #4 (There is no one scientific 

method.), a significant difference in gender means was evident. 

Females pre-test scores were much higher than the males (.48 to 

.35), but as in many other scale items in NOSS and TOSRA, the 

improvement of both treatment and control groups was similar and 

not significantly high (.04 to .07). One can only wonder why this 

group of female students had a stronger grip on the multiplicity of 

the scientific method concept. A larger sample size in a follow up 
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study may help determine whether this is an actual result or a flaw 

in the sample selection. 

Many gender differences were evident in the journal analysis 

section of this study. The sheer volume of the female written 

response compared to the males reaffirms the research that shows 

that females like to communicate their feelings, particularly in a 

subject like science which they perceive as lacking an outlet for 

free speech (Kelly, 1987). Some obvious journal gender 

comparisons are given below. 

* One-third of the females expressed concern about societal 

problems needing priority over "hard science." N one of the males 

did so. 

* One-third of the females used the word curiosity to define the 

nature of the science process. None of males mentioned this word. 

* Seven of the female students admitted a lack of self-confidence 

in science or computers compared to two of the male students. 

* Three of the male students said they prefer to work alone while 

two of the female students said they prefer to work in groups. 

* Fifteen career choice comments were made by females compared 

to three for the males. Of the female comments two were negative 

(deciding not to do science/engineering), while four specifically 

mentioned a biology or medical field for their career choice. All 

male comments were positive, and mentioned careers in the 

physical sciences. 
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* Females seemed much more impressed and excited about "large 

technology," i.e. the MMT telescope, Mirror Lab, etc., than their 

male counterparts. 

In the Process Skills portion, females over both groups 

improved to a greater degree than males by 12% and had equal or 

higher proficiency on pre and post test scores, again supporting the 

evidence of their higher grades and performance in science and 

math classes. Of the four skills, females improved the most over 

males in graph construction (60% to 39%) and the least in graph 

interpretation (40% to 34%). Also, the treatment females 

outperformed the control females on two of the scales (variable and 

hypothesis identification), but were lower than the control group of 

graphing construction and interpretation. So, no significant gender 

difference was evident as a result of the research-based instruction. 

Question #5 How do attitudinal shifts of a non-research 

curriculum class such as physics compare to a research class, again, 

by gender? 

Only TOSRA, NOSS, and the Career Survey items were given to 

both physics and research-based classes. There were no 

statistically significant gains made by the research group when 

compared to the physics group. One of the possible reasons for this 

was a series of strong gains made by the control group. When 

compared to these numbers, even strong gains by the treatment 

group lack strength in the comparison, yielding null results in many 

of the scale items. Another reason may be the previously 



mentioned "ceiling effect." High pre-test scores may have 

prevented solid gains. 
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Question #6 - Do science process skill levels improve more for 

research students than for standard lab-based physics students? 

Over all four of the process skills tested, treatment students 

improved an average of 12% more than the control students. The 

greatest gains occurred in the graphing construction and 

interpretation skill areas with an approximately 15% greater 

improvement for the treatment groups. This is a sensible result 

since graph making and the interpretation of them is an important 

and integral part of each research project. Students in physics 

construct many graphs but rarely spend a lot of time analyzing 

them. 

Other studies involving the learning of inquiry or process 

skills have indicated that improvement in these skills is greatest 

when they are integrated with content instead of being taught in 

small pieces as separated units (Padilla, Okey, and Garrard, 1984). 

This certainly seems to be true for the treatment students. The 

four process skills in this study were not taught within the 

curriculum and background material of the research course, so 

improvements in hypothesis and variable identification are more 

significant than they seem to be. If these skills ~ taught in 

research courses, and also applied in their projects, even greater 

gains may be expected. 

IMPLICATIONS FOR CURRICULUM DEVELOP.MENT 
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Research-based science instruction is any curriculum in which 

the primary goal for students is the completion of a project which 

examines an unanswered question or series of questions. This type 

of instruction has been attempted for decades by dedicated 

teachers who take on individuals or small groups of students and 

help them with research projects on an extracurricular basis. 

Helping students before and after school, and even during their 

lunch hours, these teachers have recognized the worth of such 

hands-on work for a long time (see Dewey, 1902). The findings of 

this study show that many teachers use a more cohesive, organized 

approach to maximize the number of our students who will 

experience the science process first hand. 

These teachers, recognizing the benefits of this kind of 

problem-based learning in a collaborative setting, have begun to 

teach research methods of science either as a separate class or 

within an existing curriculum structure. Of the many models 

uncovered in this study, six are distict in their differences. These 

will be described in the next section with example programs from 

Chapter 2 and others found in this study. These models could serve 

as beginning points for curriculum developers to construct research 

activities or dedicated research classes which are suitable for the 

particular context of their state or local school's science programs. 

Many Projects - Dedicated Research Class Model 

Many research programs in the United States, including Larry 

Fauques' (Sunburst Schools, Sunburst, Montana) described in 
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Chapter 2, operate separate classes devoted to scientific research 

within the normal class schedule. In such schools, research is 

usually taken as a science elective, and is offered as a junior or 

senior course. 

In programs such as Fauques', and the class offered by Mike 

Ellison at Evergreen High School in Vancouver, Washington, many 

projects are initiated and carried out by small groups of students 

simultaneously. In both of these classes, projects are conducted 

across the spectrum of science disciplines, mathematics, and even 

psychology. In Ellison's class, he supervises biochemical, ecology, 

chemistry, and astronomy projects, all in the same school year. 

While this may appear a daunting task, Ellison's approach is similar 

to that of Richard Plass from Stuyvesant High School, who 

supervises as many as 50 projects at one time. Both these teachers 

say that the content of the various projects is not a problem 

because they do not teach it. Both teachers do have a working 

knowledge of these fields and perhaps engage in more outside 

reading than the average science teacher, but both insist that they 

teach research methods, and how to write in correct "science 

language." They teach mathematical skills such as graphing, help in 

the analysis of the results, and help students in the preparation of 

their projects for publication, whether that means an article, science 

fair presentation, or both. They both help guide students to 

appropriate reference materials and resource personnel, and so 

defer to others for scientific expertise in certain project situations. 
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Research teachers in this model need access to a wide variety 

of resource and reference materials. Having a major University 

nearby is. of course, the best of all possible worlds. but some' 

research programs have used the national laboratories like Jet 

Propulsion Lab and Lawrence Berkeley Lab to obtain a lot of 

background material for projects and mentors to assist them in 

their projects (see Crossroads Institute, pg. 76. Stuvesant H. S., pg. 

94). If many projects are done, but are restricted to one area such 

as biology, then it is easier to accumulate a classroom or school 

library with reference materials and a few important periodicals 

and journals for student use over many years of study. Some 

intrepid teachers, like Fauques. have students call experts on the 

telephone and write to industries for research information. 

One project - Dedicated Research Class Model 

This study involved a research class at Cottonwood High 

School which during one semester attempts large-scale data 

analysis to produce a single class result and class paper. Another 

research class at Cottonwood does ecology and biochemical projects 

on a class basis instead of in small groups or individually. Although 

this author is familiar with some large scale efforts at the 

elementary and middle school level to collect a lot of data from 

many classrooms on a national basis (TERC's water sampling project. 

and National Geographic's Earthwatch), no other high school 

programs using this research model were found. 
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The Cottonwood research class uses large data bases that are 

available in astronomy in CD-ROM format such as the Venus

Magellan Mosaicked Image Data Record (150 CD's) and the Viking 

Orbiter Images of Mars Data Set (40 CD's). In inexhaustible supply 

of data for a number of possible research projects is an obvious 

advantage astronomy research teachers have over peers in other 

disciplines for two reasons. 

One, projects can be done by many students or classes of 

students that professional researchers would not attempt because 

of the sheer volume of data analysis, and of course, time. Two, with 

digital image data, and since students use image processing to take 

data, there is a great amount of teacher latitude in selecting student 

projects and spin-off activities as new questions are developed 

from students' research efforts. And three, when a large group of 

students work towards a common goal, the research teacher has 

the flexibility to design the structure of the research group. Single

sex groups can be formed, or triads with a weaker student inserted 

as the "jam" with two more proficient students as the "bread," 

forming a functional group "sandwich." Or a mixture of different 

size groups, combined with some individual workers can be formed 

and set on tasks that fit the size of the group. 

In a real sense, such a class can be organized with a structure 

similar to that of a professional research group. Large groups of 

students (divisions) can be formed, headed by experienced research 

students. Each division can handle different aspects of the research 
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project or different sections of a large data set. Under each 

division, several smaller groups (departments) can be organized to 

further subdivide research tasks, with neophyte researchers acting 

as "workers" under department heads. This type of collaborative 

experience is very rare or non-existent in our public schools and 

could provide a valuable experience in group cooperation. 

In this model of research, and in all the others too, the 

instructor assumes a kind of Board of Director's role, supplying 

direction and advice, rather than assuming a traditional autocratic 

posture in the classroom. In either model, many projects or one, 

the teacher has an enormous amount of flexibility to adapt and 

design the learning environment to fit their specific context and 

needs. 

Community-Based Model of Research 

In terms of economics, the community-based model makes a 

lot of sense, particularly in a big city context. Pooling resources, 

centralizing scientific instruments and supplies, and using a 

research facility dedicated only for research in a central location so 

students from many schools can utilize it, is a cost-cutting and 

philosophicaUy sound approach. In a densely populated area, with 

industry, medical, and university partners nearby, and a form of 

public transportation for students to travel to the research center, 

this approach may be the wisest. 

Joe Wise's Crossroads Science Institute described in Chapter 2 

is a good example of this model. Wise combines the community 
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model with a large project done by many approach. Building. 

testing. and using a major piece of scientific equipment such as a 

scanning. tunneling microscope (STM) or a radio telescope can take 

groups of students years to accomplish. During these years. Wise 

has students involved in every phase of the planning. construction. 

testing. and implementation of the research-grade instruments. 

Then. succeeding generations of research students. drawn from six 

area high schools. can use the instruments for original research 

projects. 

Centralizing students and equipment is wise for another 

reason. The professional resources, speakers. and mentors 

assisting your students' research can come to .Q..ill:. location instead of 

having to make six diff~rent visits to different schools. Also, 

industries. universities, and laboratories can concentrate their 

financial or material efforts on a single educational site rather than 

having to spread their "wealth" over multiple school sites. 

And, bringing students together from different high schools is 

a social benefit to them and promotes a richer cultural and ethnic 

diversity in the student population of the area. 

The Summer or Out of the Normal Curriculum Model 

Many student research programs operate for students outside 

of the normal 40 week school curriculum. The Spartanburg High 

School Summer Research Program is but one type of effort to give 

students the opportunity to do science. 
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Dozens of smaller scale efforts. like the NSF funded "Young 

Scholars" program offer students a one-week glimpse into the 

science world via work and academic enrichment in university 

laboratories. The U. S. Department of Energy and NASA offer 

research apprenticeships to high school students for 8 weeks during 

the summer. Transportation. housing and a salary are offered to 

students for most of these grants. 

Others. such as Oregon's "Saturday Academy." hook high 

school students up with mentors in industry laboratories. 

universities. and other research facilities for eight weeks during the 

summer. The Academy places over 150 Oregon students with a 

mentor whose institution in turn pays the student a modest stipend 

($1000.). The Saturday Academy arranges a workshop before the 

students' research experience and a two day conference afterwards 

so that students can give oral presentations about their summer's 

work and attend seminars. 

Research Across the Science Curriculum Model 

The most sophisticated. the most difficult to organize. but 

perhaps the most successful student research programs. are those 

which catch students early in their high school careers and continue 

a series research experiences until they graduate. Of the programs 

described in Chapter 2. both Oregon Episcopal School and 

Stuyvesant High School are good examples of this type of 

curriculum. 
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Four-year programs offer several advantages over the other 

models. One, research skills can be "taught" or experienced by 

students in a gradual, hierarchical fashion over several years 

instead of being crammed in a semester-long time period. 

Introducing freshmen students in the Stuyvesant High School to 

"Creature Features" is a good example of how low skill level 

research can be introduced. 

Students start their journey in research by asking a simple 

question such as "How will aspirin affect the heartbeat of Daphnia 

(waterfleas)?" Review of the literature may consist of looking up 

information in their textbook or an encyclopedia. Different 

concentrations of aspirin solution are prepared, tables and graphs 

are produced, and the analysis proceeds, and students learn how to 

control variables, set up an experimental design, and how to use 

scientific measuring instruments. At the end of four years of 

continuous experience, however, students can generate 

sophisticated hypotheses , research questions, and do extensive 

reviews of journal literature in their project field. 

Two. different research disciplines such as biology. chemistry 

and astronomy demand that students learn different kinds of 

design strategies, methodologies. computer analyses. statistics, and 

instrumentation. A sequence of experiments in different scientific 

disciplines can help broaden the range of experience and expertise 

in the spectrum of categories and subcategories of science. 
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Three, as students progress through different levels of 

difficulty in their research, they will also gradually improve the 

quality of the published result. Student researchers can move from 

a simple written summary of their research activities to the 

submission of an article to a scientific journal or a prize-winning 

science fair project. 

Schools with a four-year research program need a science 

teaching staff dedicated to the idea that kids should dQ science 

instead of hear about it. They also need a staff which can work 

together to produce a sequential, cohesive, and mutually agreed 

upon curriculum. 

Also, sheer space limitations rear their ugly head in research 

classes as students performing biochemical experiments need table 

space, electricity, and long periods of time to complete their 

experiments. Teachers in a research continuum school need to 

cooperate to provide materials, research space and research 

literature over many years as their school-wide research program 

develops and expands. 

Research Within the Classroom Model 

Many teachers offer research experiences within the confines 

of their normal science curriculum. Often, these research projects 

are nested within advanced biology, chemistry, physics, or other 

junior-senior elective courses. Required courses are generally too 

jammed full of "course requirements" to allow the necessary time 

and flexibility to conduct long term experiments. John Trimble's 



213 

"Center for Scientific Field Studies," an advanced biology course for 

upper grade high school students is such a course. 

Trimble's class is actually a field research experience with no 

"normal" advanced topics interspersed. He requires a "field 

practicum" as outlined in Chapter 2, then his students study local or 

regional ecological issues by doing research in teams in the desert 

areas surrounding the school. Other teachers call their courses 

"Directed Independent Field Research", or simple "Science 

Independent Study", and avoid pigeon-holing their courses into a 

singular discipline. 

The author of this study started his classroom research 

experience by placing an astronomy research project within the 

curriculum, in a survey astronomy course for grades 10 through 12. 

It was not a real time gobbler since most of the background 

information for the project had been covered in previous 

instructional units. So, after the project was introduced and the 

data distributed, it became an extended homework assignment, and 

students worked on it in class only one day every two weeks so the 

teacher could help smooth out any "bumps" in the analysis and 

writing "road." I feel it would be entirely possible for ~ science 

teacher in ~ science class, regardless of level or class, to provide a 

research experience for their students if the idea for the project has 

the qualities listed on pages 108-110. 

Implications for Teachers 
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The implications of research in the classroom as a viable 

method of instruction for teachers begins with how differently the 

research teacher must view their role within the classroom. 

In most classrooms. the teacher normally has the role of 

supreme leader. and purveyor of all knowledge. In a research class. 

these two roles change drastically. Although the teacher of such a 

class would perhaps lecture occasionally to give background 

information and help in the understanding of research processes 

and techniques. most of the "teaching" takes place one on one. And. 

in this role. teacher and student become co-learners. As a teacher. 

a perceived all-knowing figure to many. ignorance and a lack of 

specific content knowledge must be admitted from time to time. 

Also. unlike any other type of instruction. the teacher in a research 

class never knows the final answer to the research question. 

The teacher in a research class is a students' resource and a 

co-worker instead of an autocrat. Teachers become more 

vulnerable. and offer students the opportunity to try different 

approaches to understanding as students are permitted to fail at 

times before they struggle to reach a truer understanding of their 

research problem. This subtle instructional difference shifts the 

burden of education on to the student instead of the teacher. This 

is not an easy role to assume for the teacher as teacher control has 

been the byword in our national educational system. 

Another facet of this type of instruction is the forced 

collaboration that must occur for it to be successful. Yes. students 
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need to work together, but of equal or greater importance, research 

teachers need to collaborate with expert(s) in their teaching 

disciplines. Sound research ideas spring easily from practicing 

scientists who know (I) what has already been done, and (2) what 

sort of projects might be do-able for students. Friends in national 

laboratories or universities can also provide access to data and 

other useful classroom materials to assist in the research process. 

David Cohen, in "Teaching Practice: Plus Ca Change", lists a 

number of demands placed on a teacher who is attempting any new 

type of instruction which he calls "adventurous teaching." One, it is 

more difficult to teach a non-traditional curriculum. The safety of 

the rote method of learning disappears and both teachers and 

students must deal with uncertainty. Being intellectual explorers, 

not knowing an exact path to follow, many mistakes are made and 

of course, a lot is learned through the making of these mistakes. 

Research teachers, by the very nature of science, are advocates of 

uncertainty. Teachers of adventurous curriculum such as research 

must be willing to open up varied conceptions of knowledge, and 

allow for a free exchange of opinions and ideas between their 

students (Cohen, 1988). 

Placing students on the cutting edge of scientific research 

usually requires that the teacher stretch their minds and resources 

to learn along with their students. Foundations and University 

programs exist that realize the importance of acquainting the 

classroom teacher with the "real world" of science and research. 
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Among them, in the Southwest, the Research Corporation offers 54 

research partnerships which pair up high school teachers and 

University scientists for several summers of research in astronomy, 

chemistry or physics. At the University of Arizona, Richard 

Greenberg operates a program entitled the "Future Teachers' 

Research Program", which gives undergraduate teacher candidates 

a summer research experience before they step foot in a classroom 

as an employed teacher. Other national programs such as the 

teacher research apprenticeship program sponsored by the U. S. 

Department of Energy are recognizing the wisdom of this practice 

and are offering teachers the opportunity to do research during 

their summer vacations. It is hoped that these programs will 

expand their understanding of the nature and workings of science 

so that they can transfer this excitement back to their classrooms. 

Since the research activities of students such as literature 

review or data collection may demand excursions to places outside 

the four classroom walls, such as University libraries, museums, 

labs and other facilities, a large amount of "homework" and 

planning needs to be done to prepare the way for successful 

student experiences. Visits to these facilities need to be made and 

discussions with professionals about student use of libraries, and 

facilities need to be done by the teacher. 

As a teacher using a research-based curriculum, patience 

must be exercised while waiting for the project to take hold in 

students' minds. It is tempting to lead them to the correct methods 
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and techniques of data reduction instead of letting them find their 

own way. But a major part of the educational joy of the course is 

watching the individual discoveries. the shifts in the wind. that 

enable students to go forward, then back. then forward again as 

they struggle towards some intimate understanding of their 

research problem. 

The idea that students should do science is scarcely a new 

one, nor is the image of the research teacher as a guide instead of 

deliverer of knowledge. Listen to the words of John Dewey urging 

members of the teaching profession to be adventurous way back in 

1902: 

" Teachers should devise ways for children to adventure their way 
to real knowledge: to rediscover science and technology for 
themselves: to reenact the essential history of the race; and to 
resolve the great problems of human thought and history. Teachers 
would have to become a species of mental mountaineer, finding 
paths between innocent curiosity and the great store of human 
knowledge, and leading children in the great adventures from one 
to the other. Such teachers could make schools into places in which 
everyone would learn and love it." 

Perhaps the idea that students should do science instead of just 

hearing about it will take hold within the curriculum and 

eventually become as commonplace as the teaching of the periodic 

table. 

Implications of Research-Based Education on the Gender Equity 
Problem in Science Classroms 

Most of the instruments used in this study found that female 

attitude changes towards science, scientists, and careers in science 
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did not differ significantly fr.om those of the males after both had 

completed a year of research-based instruction. There were also no 

dramatic differences between male and female students when their 

knowledge of the nature of science as measured by NOSS is 

compared. When only quantitative measures are analyzed, it 

appears that research-based curriculum has no differential effects 

between male and female students. But, differences between male 

and female attitudes in the qualitative measures are evident. 

The journal responses of the female students speak in a loud 

and clear voice about their beliefs and understandings of the 

science process, the nature of scientists, and careers in science. 

Males had little to say in their journals about any of these topics. 

The sheer volume of female responses compared to male reflects a 

general trend in high schools for females to be less reticent than 

males to express themselves in writing. 

Females speak often about the emotion of science, the 

excitement and adventure, the curiosity and wonder, and the fact 

that research "gives you the chance to express yourself freely and 

to experiment with new ideas and thoughts." Coupled with the 

predominance of emotional responses given in response to the 

"Scientific research is .. It definition, it appears that females, after 

experiencing a year of research see it as an emotionally satisfying 

activity rather than as a dull and lifeless one. This is an important 

outcome of the course in light of the recent literature which lists 

the female perception of science as impersonal, boring and lifeless 
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as one of the major reasons women flee from involvement in the 

physical sciences (Kelly. 1987. Jones. 1987. Vockell and Lobonc. 

1981). 

From the journal comments. it is obvious that the field trips 

are very important interventions for female students. These 

interventions lead to a heightened awareness of career 

opportunities and lead to important career decisions. Seven of the 

thirteen female journals analyzed contained a positive career 

comment mentioned after attending one of field trips (U. of A., Mt. 

Lemmon, Kitt Peak, Johnson Space CenterINASA). Perhaps in the 

months following the field trips, the female students changed their 

minds about a career in science because the post-test results do not 

indicate a change in career plans of this magnitude. 

Process skill development for females was greater than males 

across all four of the skills tested. Collaboratively structured 

groups may have been the agent which brought this change about. 

Several of the female journals referred to the fact that they "enjoy 

working in groups .... its much easier." In contrast, several of the 

male journal contained comments such as, "I prefer to work alone." 

Reflections on the Study 

After five years of experience guiding groups of students 

through their research projects and introducing them to the 

discovery nature of science, several observations can be made 

concerning the types of students who benefit most from this type of 
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instruction and about the advantages that accrue for them from this 

type of science instruction. 

Students who do not do well in time-compartmentalized 

lecture discussion classes seem to adapt extremely well to research 

class curriculum. Having a lot of time to do and think about a single 

problem is mentioned repeatedly as a great benefit by many 

students who have had limited success in "normal" science 

classrooms. 

Even very pOOl' students have been extremely successful for 

several additional reasons. These students appreciate the depth 

and the continuous nature of the work and the distinct lack of the 

"let's cover this, then get on to Chapter 9" approach in research. 

The lack of grade competition is another often mentioned as a great 

benefit to learning for the mediocre to poor students in the 

research class. For the very first time, these students do not have 

to compete with "A" students for their grade since both groups are 

judged on their individual work, not their performance on 

homework, tests, and quizzes. Research class is a social equalizer of 

sorts. Both groups of students start thinking and working under a 

new kind of mindset. As one female student writes in her journal, 

"Curiosity is promoted when students don't have to worry about 

tests and can explore because they .Yl1Ul1 to learn, not because they 

have to." 

The fact that students who do science research in high school 

at least know ~ it is and what scientists dQ., is a great benefit to 
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those students who attempt a science career in college. When these 

students encounter problems with college science courses. they at 

least know what the endpoint of all their work and difficulties will 

be. These students have a clear goal that helps them overcome 

their difficulties instead of fleeing from them because they have 

done the research. they know what their job will be like. Having a 

clear goal. one based on personal experience. and having with the 

confidence that they can do science. is a powerful motivator for 

these students. As one female student stated, "You showed me that 

science was more than just something I was good at .. .it is something 

I can do a good job at, maybe for the rest of my life." 

Not every student needs to be coerced into thinking that 

science is the only career for them. Many will be convinced 

otherwise, and this is another benefit of a research experience. 

After having the opportunity to see the world of science and how it 

works, some students may realize that some other college majors 

have more appeal to them. As a result, several years of fruitless 

labor trying science and math courses in college will be saved as 

well as thousands of dollars. So, research class can act as a useful 

career "filter" for students. This anti-science career decision came 

after this female student spent a week in Houston visiting NASA 

facilities, "After the Houston trip, I decided that astronomy and 

engineering were not for me." 

Armed with research experience in high school, many of my 

students have entered undergraduate research as freshmen or 
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sophomores. since professors only have to introduce a project. to 

these students. High school research students know a great deal 

about the nature of research and understand the hard work. long

term commitment and self-discipline required to do such work and 

are therefore highly successful in these experiences. Non-research 

students might not attempt such work until they are graduate 

students. 

For female students. exposure to the human element of 

science. working and talking with professionals, is an important 

benefit which can be classified as a kind of intervention. Besides 

destroying stereotypes concerning scientists and what they do, 

seeing the emotional involvement, the excitement, the challenge, 

and the discovery nature of science helps ground science in 

relevance and humanism for all students. As one female student 

remarked, "It felt so good to see scientists so excited about what 

we're doing." But with the consistent view of females that the 

physical sciences are irrelevant, boring, and dull (Kelly, 1987), 

make this kind of social and cultural association of paramount 

importance. 

Having the opportunity to express their ideas and feelings to 

professionals seems to have a profound effect of the confidence of 

female students. Witness a comment from a female student after 

defending her research at the Lunar and Planetary Science 

Conference poster session, "I was a real high-on-life experience to 

be able to be put on the spot (at the poster) and feel confident 
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about what 1 was saying." Also. being treated as equals by science 

professionals is to some female students a remarkable and 

confidence building experience. demonstrated by the following 

female journal entries. "Nice to be treated by professionals (the 

flight operation directors who were giving us a tour of Mission 

Control) as intelligent human beings .• " and ..... I was ~ pleased that 

the scientists treated me as their equal even though 1 wasn't." 

Research-based curriculum offers a different way to teach 

science to students. not with books. worksheets. and tests. but with 

real-life experiences. tied together with process. mathematics. and 

computer applications. Working in cooperative groups. in a relaxed. 

non-competitive atmosphere. benefits both sexes. and helps 

equalize the normal "caste" system of student ability groupings. 

Together, as a team. or as individuals, problem-solving is given its 

appropriate time frame. allowing students long periods of time for 

idea or hypothesis incubation. data gathering. analysis. discussion 

and personal reflection. A true across the curriculum exercise. 

incorporating history, English and writing skills, mathematics. 

computer. and the social sciences, research in the classroom can 

provide an experience into the unknown. into the discovery of new 

knowledge. An experience Brandwein (1981) claims is not given to 

students even ~ in their K-12 career, "a problem with an 

unknown solution." 

The sample size in this study was not large enough to run 

some of the analytical tests necessary to show whether significant 



224 

changes had occurred or not. Greater care needs to be taken in 

giving the pre or post test to students who were absent for one or 

the other test. The few students that drop either the control or the 

treatment class should be post tested if the drop occurs in the 

fourth quarter. 

The numbers of students in genderltreatment/control groups 

were skewed. Some of the groups like treatment boys only had an 

N or 6 while others such as control boys had an N of 14. This 

diversity of gender in the treatment group also diluted the journal 

analysis, with only six male journals evaluated compared to 

thirteen female. 

The study had too broad of a focus and perhaps too many 

instruments to test the research questions. Only measuring student 

attitudes or only measuring their understanding of the nature of 

science or only measuring male and female differences without a 

control group, may have brought the study to a more delineated 

focus and conclusion. Also, using four types of qualitative and 

quantitative measures made it difficult to answer the questions 

posed in the study in a concrete way. 

Future Research Efforts 

This study would be stronger if one or even two more years 

of survey and journal data were added to the data presented in this 

paper. This data is available as is a set of data from a middle school 

research experience in which 90 students participated. Also, the 
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interesting to analyze if they could be separated by gender. 
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The gender equity question needs further exploration. More 

work needs to be done on the question of which learning style or 

styles promote gender equity in science classrooms. The author of 

this study plans to study the effect of single sex cooperative 

groupings within a mixed sex class and also the effects on female 

achievement and attitudes when single-sex classes are formed. 

The exact effects of various types of interventions on female 

attitudes towards science and science careers is another area that 

requires the attention of researchers. Will several female speakers 

make an impact on female attitudes? Will a series of field trips 

create a change in female perception of science as a male domain? 

How much, how many, how long do interventions have to be to 

actually have a significant effect? 

A national register of research classes and programs would be 

enormously helpful in establishing a national agenda to include one 

research experience in the academic life of every middle and high 

school student. This project could provide classroom teachers, 

universities, industrial concerns, government organizations, and 

national labs with jumping off points for collaborations, resources, 

and potential partners for research endeavors. Many small scale 

programs, operating within the economic, geographical, and social 

contexts of their respective regions, may well be the solution of 
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curricular trend. 
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A separate study of the effect of field trips on the career 

choices of both male and female students would be relevant to the 

findings of this study. Effects of a major excursion with students 

such as a week at a scientific conference, or at a field camp to do 

research, on the attitudes of students toward science as a career 

should be examined. Practically all of the recent research describes 

the results of single-day outings or a series of outings to museums 

and other science facilities. Is the length of these trips a factor? Is 

the content of the trip or the delivery of the content a factor in 

whether student's view science in a more positive way? 

It is hoped that this study will provide some research 

direction for many new projects. Only by investigating new 

possibilities will old questions be answered. As one of the female 

students in this study states in her journal near the end of her 

research experience, "What science is .... asking a question that leads 

to another question which leads to yet another question." 
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APPENDIX Ia - SCIENTIFIC RESEARCH IS ... QUESTION RESPONSES 
BEFORE DOING RESEARCH 

Data taken from 1990 to 1993 

1 ......... taking an idea and researching the idea to develop a new 
idea. 
2 ........... working to find out certain information about a subject 
related to sde:nce. 
3. .. ........ a way to learn more about a topic by looking things up in 
books and other reference materials. 
4 .......... a quest for information on anything in the universe, this 
includes reading, listening and just observing. 
5. .. ........ is explaining different elements through experiments. 
6. .......... is collecting data and various information. 
7. .. ........ .it could be a set kind of research, with certain ways or rules 
to follow. 
8 ............ studying, reading, probing into fields of science in which 
information is needed. 
9 ........ .finding ways to better the world and all life living on it for 
and in the future 
10 ......... to help us unders tand more about the way things run and 
why they run. (ex. machines, people). 
11. ......... helpful to the community when a helpful discovery is 
made. 
12 .......... the learning of the many different fields of science and 
technology. 
13. .. ... scientific research is a way to gain a better knowledge of 
why and how things are. 
14. .. ........ .is finding things out in a scientific matter, by using 
modem technology. You can find out things more accurately. 
15. . ...... finding out information and facts to support a hypothesis 
and/or experiment. 
16. . .... experiments and gathering data to disapprove or support a 
hypothesis. 
17 ......... very important because it can go towards the bettering of 
the quality of life. 
18 ........... the answering of a question using scientific methods. 
19 ........... collecting data to make an evaluation. 
20 ......... .is a series of searching methods: study, hypothesis, 
experiment, and conclusions. 
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21. ........ discovering and searching for intriguing information about 
the world around us. 
22 ........... an interesting an informative hobby or job. if you like. that 
can help to solve problems. 
23 ......... the process of learning more about a scientific project or 
item you wish to gain a more in depth knowledge about. 

24 ........... can be pursued in more than one way such as: 
experiments. and library research. 
25. .. ..... making theories and trying to find facts to support your 
theory. 
26.. ...trying to solve a problem or question by consulting many 
different sources. 
27. ...the process in which one tries to find the answer to a 
question. to find information on a given subject. or information to 
back up their opinions of ideas. 
28. ...going to as many different sources as possible to obtain 
desired information. 
29. ...finding information. reading. compiling facts. in order to learn 

something. 
30. ...using all references available to study a topic. 
31. ... using outside sources of information to gain knowledge or to 
prove a theory. 
32 ... conducting experiments and other means of attaining 
information. 
33 ... the evaluation of facts and data to prove a theory or write a 
report or just to find out information. 
34. .... the ability to take raw data and transfer it into a formal 
report arguing one side of a science debate. 
35. ...one way for teachers to give l.oll. of homework! 
36. ...studying a certain subject and writing your ideas on that 
subject. 
37. ... finding answers to given subjects or questions. 
38. ...the gathering of information pertaining to a certain subject in 
order to draw conclusions and make hypotheses. 
39. . .. when you have a general topic and you go look up or read 
material about a certain subject. 
40. ...the study of a certain subject. 
41. ... the method of discovering new information. 
42. ...a way to develop theories which are useful. 
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43. ... when you try to find, and locate, facts or theories about your 
subject to discover new information. 
44. ...learning about something you don't already know about. 
45. ...looking for information on a subject to try and find answers 
to certain questions. 
46. ... using various sources to obtain information. 
47. .. .gathering of information on a "field" of study. 
48. ...an in depth study that involves the gathering of facts and 
information to gain more knowledge about something or someone. 
49. ...learning more about a topic based on others' work and your 
own observations. 
50. ... starting from no information on a specific topic and looking 
up the information step by step. 
51.... taking a subject (i.e Astronomy) and looking in depth at what 
that subject really is. 
52.... more than one expects. It isn't copying paragraphs out of an 
encyclopedia. It is a bit more complex than that but I can't go into 
that right now. 
53..... a process to find out something which is unknown. 
54. .... searching for some information on something before hand to 
fully understand it. 
55 ...... time devoted to studying and learning about a particular 
subject 
56. .... looking deeply into a topic with the reason being learning 
more about the topic 
57. ..... a way to find out more information and facts on a subject. 
58 ..... the studying of information and ideas on a single subject. 
59 ...... working to find specific information on a topic using books, 
magazines, encyclopedias, or any other source of information. 
60..... the studying of a particular topic. 
61. using information available to further evaluate a topic. 
62 ...... questioning, pondering, discovering, accomplishing, learning 
it. 
63 ....... rewards and failures, the known and unknown, proven 
accomplishments. 
64. .. ... gathering information to achieve a certain factual goal, 
proving a point. 
65. ...... trying to learn about something that is unattainable, 
otherwise by studying, reading, and observing. 
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theory about something usually unknown about. 
67 ....... hard. 
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68 ...... studying and investigating things that are little known to 
you so you may learn more about it. 
69 ...... an iii depth study of something or things which you would 
like to know more about. 
70. ..... the studying and searching of various materials and or 
subjects. 
71. .... studying under a specific topic, searching for specific 
information. 
72. .. .. to search again - to seek for again to investigate using 
acquired knowledge and logic as well as suitable materials. 
73. .... searching for information to support a theory and adding to 
that to form yet another theory or idea. 
74. .. .. hard work at the library, reading papers written by scientists 
studying the same subject or theory to gain knowledge for future 
reference. 
75 ...... lots of time spent reading and understanding. 
76. ..... a way to get all the facts on the subject you are studying. 
77. .. .. the gathering of data on a new subject and the interpretation 
of it. 
78 ..... the search to find why, how, and how many something is or 
does. 
79 ..... looking, reading, and writing about a certain subject in very 
great detail. 
80...... research is learning about a subject very deeply. 
81. ...... a documentation of facts found through experiments and 
analysis. 
82. ...... a summary of facts found through other peoples' work 
(books, articles, etc.) 
83 ....... looking up information that the individual does not know or 
just studying in depth on a particular subject. 
84. ..... lots of reading, studying, comparing, analyzing, figuring, 
observing, testing, (experiments), and lots of writing. 
85 ....... is the ability to want to know about a certain subject well 
enough that you would be willing to know everything about it. 
86. .. ... is also something that requires a lot of dedication and hard 
work. 
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87 ....... exploring and experimenting in order to know more about 
something. 
88 ....... the search for information about something 
89 ..... discovering unknown facts about the object you're studying. 
90. .. .... looking into and expanding research that has already been 
done. 
91. ...... long hours of study. 
92. .. ... the gathering of facts and opinions on a topic so that one is 
better informed on that topic. 
93 ...... studying and observing something you don't know about, 
learning about it, and maybe looking at it in a different way that 
you ever have before, It's actually learning about something, as 
much as you think you can know. 
94 ..... reaching out to the unknown and trying to make it familiar 
and turning it into something we can attempt to understand it. 
95 ..... the methodical study of the universe around us in which we 
attempt to answer our questions and prove our theories of the way 
it works. 
96 ..... exploring and learning about certain area that isn't well 
understood or hard to figure out. 
97 .... .finding things out the way they are, learning the way they 
work. 
98 .... .finding out anything pertaining to the science field that isn't 
already known. 
99 ..... the investigation and evaluation of important information. 
100 ...... learning and exploring substances for the betterment of 
human lives. 
101 ..... the way you interpret an object of being by asking why, what 
and how it is possible to exist. 
102 ..... the study of any subject in the area of science where a 
problem or invention needs to be researched. 
103 .... how a person goes about studying a certain topic or field of 
science. 
104 ... using scientific methods to investigate the unknown. 
105 ... research in science areas. 
106 ..... the study of living as well as non-living things for a better 
understanding of how nature works. 
107 ..... a life long search for something new, beginning with miles 
upon miles of paper and millions of books. 
108 ..... the study of any research done to learn more about science. 
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109 .... .is researching scientific things. 
110 .... .is what I'll have to do to learn about astronomy, it is 
experiments, labs, and a lot of reading. 
111 .... trying to find out things that explain one's own questions that 
humans have. 
112 .... is what someone in any scientific field does to increase their 
knowledge. 
113 .... .important in finding the facts based on level and intelligent 
thinking. 
114 ..... the study of plants, animals. anything that deals with science. 
115 ..... the process by which information is gathered. 
116 ..... the process by which new scientific knowledge is gained. 
117 .... the act of finding information by using a method of 
mathematical steps of something similar to that. 
118 .... the study of a specific subject of object and going in depth 
with this subject or object. 
119 ..... the research of science. 
120 ..... the exploration and experimentation of scientific theories in 
order to learn more about how the world around us works and how 
we can learn from this knowledge. 
121. .... working towards a discovery by using science you already 
know. 
122 ..... finding out the known. It's going over other people's work to 
help you, and gather information. Maybe finding something they 
missed. 
123 ...... is bringing out old information again, work that has been 
forgotten, or finding out what other's have found out before you. 
Research is finding out the found. 
124 ..... .finding source materials to support whatever you are trying 
to prove. going out and physically experiencing what you are 
researching. 
125 ...... spending a numerous amount of brain cells reading useless 
information out of encyclopedias. 
126 ..... the exploration for a definition of the unexplained, 
unexamined. or undefined. 
127 ..... to look up information from at least three sources on a 
subject that you would want to learn more about. or to do various 
scientific experiments to obtain more information on an item; in 
other words. the gathering of information. 
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128 ....... the study of anything living, dead, human, inhuman, atomic, 
or anything else. 
129 ..... a way in which science tries to explain the laws of nature. 
We try to prove this through reasoning. 
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APPENDIX 1B - SCIENTIFIC RESEARCH IS .... QUESTION RESPONSES 
AFfER DOING RESEARCH 

Data Taken 1990-93 

Scientific Research is ...... 

l.. ... a form of torture. 
2 .... .is sometimes a long, involved process whose reward may seem 
insignificant at first, but is still a step in the direction of discovery. 
3 ..... a probe into something which is unknown to the persons 
researching. 
4 .... fun but it is not easy, it takes time and· effort. It is only as good 
as the time that you put into it. 
S ..... a process that is time consuming! It is the ability to find out or 
try to find out what is the reason something occurs by using a 
scientific means to do it. 
6 ..... the investigation of something using basic scientific laws or 
rules as your sources. It is gathering the data and comparing it to 
the data of others to gain a more accurate conclusion. 
7 ..... the discovery of knowledge. Questioning previous beliefs 
through research and learning which is the only path by which man 
can evolve. 
8 ..... the process by which a person ar group of persons take raw 
unstudied data and tum it into a full scale set of graphs and a 
sound conclusion based on observations. 
9 ..... yery hard, time consuming, interesting, and difficult. I learned 
a lot! 
10 ... time consuming but easy to get after you get the hang of it. 
11 ... confusing at first, but interesting. 
12 ... a quest, a battle against time, a fight to find truth from nothing, 
and an idea, an imagining, a fleeting thought. The entire process is, 
from the view of this researcher, almost self-defeating as the the 
battle for more time against little money shortens the life 
expectancy of the researcher and incites early hair 
10ss ...... Conclusion: research is death. 
13 .. .interesting. It's fun to learn new things and accomplish things 
that no one has ever done before. 
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14 ... the tedious process of collecting information and recording it 
It's difficult and ever-frustrating at times but it can be fun and 
exciting too. 
15 ... a glorious foundering on the banks of knowledge as the water 
heightens into a flood and sweeps you away in the intoxicating 
brew of excitement which comes with revelation. 
16 ... very hard work! It can get very frustrating because it is so 
time consuming. It requires self-discipline and commitment with 
the rewarding result of knowing you've done a job which earned 
recognition or a good grade. 
17 ... fun. It is a situation in which a person can learn and discover 
valuable information on his own, which makes for better retention 
of valuable knowledge. 
18 ... time consuming but very worthwhile. It helps each researcher 
after me to realize what new information I have discovered. 
19 .. .long, boring, very time-consuming, aggravating, stressful, 
headache provoking, ulcer creating, a robber of sleep, and enemy to 
everything good and sane, but really is not that bad. 
20 ... the tedious process of compiling data in order to come to a 
conclusion. 
21. .. a much needed means of gathering knowledge to pass on the 
next generation. 
22 ... the only way to boost our chances of going where no one has 
gone before! 
23... very long and hard study of something that is recorded and 
stored to understand something more fully. 
24 ... getting conclusions from starting out with almost nothing. 
25 .... the process by which questions can be answered and answers 
can be supported. Through research man learns about his 
environment and how to function with minimal amounts of sleep. 
26 .... exciting once you get started, but exasperating. 
27 .... challenging, it forces your mind to think. 
28 .... a way to pose strange problems that made me think for ten 
minutes straight! 
29 .... would be a good career because of its constant challenges and 
discoveries. 
30 .... time consuming. It is worthwhile if you learn something from 
it. 
31 .. .long and tiring, and a relief when it's done. All effort put into it 
is worthwhile. 



32 .... the study of anything you want to study. It can be time
consuming and boring at times. but if you are researching 
something you like. it's all worthwhile. 
33.... a very important asset to people and their knowledge. for 
research is the basis for the expansion of that knowledge. 
34 .... tedious .... However. research can be rewarding when new 
information is discovered about a topic. 
35 .... is an important aspect of discovery in our world. 
36 .... exciting if you let it be. 
37 .... what helped us know all we know about anything. 
38 ..... the search and discovery of new idea and facts that are 
completely unknown. 
39 .... the need to learn and relearn facts and ideas. 
40 .... a lot of work for people who want it. 
41.. .. pride. joy. and the felling of success when it comes. 
42 .... putting a lot in and getting a little out. 
43 .... .is emotional. always getting to you. 
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44 .... becomes fun once you have begun.Data is the clue to move you 
forward to new discoveries. 
45 ..... time consuming. cumulative. and a time of thinking. 
46 .... exciting in the aspect of drawing conclusions to arrive at new 
ideas. 
47 .... is linked to many people and each person is dependent on the 
other for success. 
48 .... devastating when you start. satisfying when you finish. and a 
great way to learn in detail. 
49 .... hard to understand at first. but then all of sudden things 
become clear and you feel like you're learning something new. 
50 .... both exciting and boring. interesting. 
51 .... a learning experience. and ........ time consuming! 
52 .... every idea someone has that is different from those that came 
before. 
53 .... difficult and time consuming. but fun and educational. 
54 .... .identifying a problem .... understanding the problem .... thinking 
of solutions of the problem .... looking for the solutions of the 
problem .... finding the solutions to the problem .... reporting the 
solutions to the problem .... and accepting money for the solution to 
the problem. 
55 .... .fun. continuous. and helpful because it teaches one to think 
about ideas. 
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56 ..... very open to new ideas. systems and ways of working. 
57 .... .interesting and addictive! 
58 .... working on a project to find and learn more about the topic 
you are studying. 
59 ... a process that makes you feel good because you get to 
accomplish something on your own. 
60 .... a time to lock yourself in your room with the radio. a box of 
pretzels. and a six-pack of Pepsi. and pray to the god of IBM! 
61.. .. stating a hypothesis. straying from it. and then drawing way 
out conclusions from irrelevant data (ha-ha). 
62 ... vague. 
63 .... is easy since it seems as if you can never be wrong. 
64 .... complex because one could take any path out of millions of 
alternati ves. 
65 .... starting from scratch and working toward a finished idea. 
66.... the world of research would say that research is the discovery 
of unfound information. But to me. research is a personal struggle 
to reach a certain point of view. 
67 .... a chance to know what is not known, a chance to discover what 
has not been discovered, and a chance to learn what cannot be 
learned. 
68 .... something that takes a long time and is often frustrating 
because you often feel like you aren't getting anything 
accomplished. 
69 .... to me is a mission to not only find and discover useful 
information, but also to find out how far you can go and how long 
you can hang in with the struggle to find yourself. 
70 .... searching, searching, and more searching. Sometimes it leads 
to something useful. other times, no matter how much you search, 
your results can be inconclusive. 
71 ... a useful technique in studying something. Research means 
taking everything you know about an object and combining it with 
something nobody else knows. 
72 .... difficult along with exciting because you are faced with 
challenges and to solve them yourself is exciting because you may 
uncover something that has not been discovered yet. 
73 .... necessary, because without it, we would not be able to make 
discoveries or present new solutions or theories. 
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74 .... sometimes long and slow process of digging up and finding 
information, deciphering it, summarizing it up and making a 
conclusion about a certain subject. 
75 .... solving problems and getting at new ideas. Research also can 
be a bit of work! 
76 .... a fun and complete way to learn. I love research! 
77 .... extremely difficult but it can always help you if you go about it 
the right way! 
78 .... at first it sounds so great to be doing new research and to 
possibly have it published, a very great honor indeed, but by about 
the 3rd week of plotting data points and pouring over stuffy 
research papers, it becomes a little boring. By the time you actually 
write the paper, you don't care what it sounds like, but reading it 
through a last time, you finally realize how much you know, have 
learned, and have used in writing your paper. 
79 .... long, tedious, sometimes boring, but also illuminating and 
enervating. 
80 .... the constant struggle against the unknown. 
81 .... hard work for the chance that your results may be significant. 
82 .... hard work that seems easy at first but soon turns into a 
difficult, yet rewarding process. 
83 ... a process to look for new ideas and theories based on what 
other people have found before. 
84 .... not all done in the library -- some of it can be done in your 
own head. 
85 ... a lifetime of knowledge, understanding, evaluation and 
discoveries. 
86 ..... going to the library and getting all your sources, and then 
reducing your data to try to discover something that has never 
been discovered before. 
87 .... dedication .... and hard work! 
88 .... gleaning information to prove or disprove something. 
89 .... a long, difficult process which incorporates some educated 
guessing. 
90 .... learning an extreme amount of useful information which 
someday I hope I can put to use. 
91. ... doing experiments and looking for new information on 
something you don't know much about initially to find out more 
about it. 
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92 .... trying different ideas over and over again until you get some 
results (either positive or negative) that can help you answer or 
prove whatever you're researching. 
93 .... a long and hard process during and after which much is 
learned as an award. 
94 .... is a sometimes tedious process that is necessary to investigate 
new things and come up with new information. 
95 .... is often exciting when one is learning new things because you 
can actually see the proof for yourself. 
96 .... rewarding when the steps have been finished and the results 
show something. 
97 ..... can be a long and tedious project. 
98 .... collecting and analyzing dat to understand specific hypotheses. 
99 .... gathering of information dealing with anything in the universe 
and then analyzing and interpreting such information to make the 
information useable. 
100 ... a long-term process in which information is gathered, 
analyzed and finally used to conjecture some form of outcome. 
101 ... a systematic pursuit of knowledge through the use of 
available data either extracted from nature or mathematically 
developed. 
102 ... a collaboration of information which is organized to convey a 
specific result. 
103 ... hard and confusing, yet mentally stimulating. 
104 ... the long and tedious process that is used to get information on 
a subject. 
105 ... study and enhancement of data until recognizable patterns 
can be noted. 
106 ... weeding through all the data and facts you can dig up and full 
of papers containing words no one but them (scientists) can 
understand. 
107 ... exciting,especially when the end result means something. 
10B ... necessary because it is expanding the knowledge of our world 
we live in, an essential thing if we want to try to preserve and to 
understand our world. 
109 ... discovery that you must share with others. 
110 ... a lot of time spent with computers. 
111 ... adding to the volume of human knowledge, yet expensive in 
terms of lost sleep. 
112 ... more fun that a barrel O'monkey's! 



113 ... the process of defining or discovering something by using 
other's work combined with your own. 
114 ... a long and frustrating process. 
115 ... the way that new knowledge is discovered. either 
independently or in groups. 
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APPENDIX 2 - JOURNAL COMMENTS - MALE AND FEMALE 

A. Journal Analysis - Males 

a. reactions to science as a discipline 

never realized how political science was. 
I am often in awe at man's ingenuity in science. 
One is writing other authors for information 
I enjoy finding other ways to approach methodology 
I have grown skeptical about the right way to do things 
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I checked my work by using a different method to measure area. 
I prefer to work alone. 

- I find it much easier to work alone. 
Working alone is easier rather with a partner I have to count on. 

b. scientists as human beings"" 

- Dr. McC. is fun and interesting. 
loved the scientists arguing over a point in a talk 

The scientists talked to us like intelligent human beings and not 
like kids. 

I don't see why scientists have to write in such complex 
sentences. 

c. possible careers in science 

I might want to do this (astronomy) for a career (after Mt. 
Lemmon) 

The astronaut made me think of being an astronaut again, 
knowing that you don't have to be in the AF to be one. (after 
Houston) 
- I am close to deciding to become an optical engineer. I really like 
the optics stuff. (after U. of A. field trip) 

d. attitudes towards technolo~y 

I feel completely illiterate (2nd day of class) 
Just seeing telescopes not worth it .... want to see them in action! 
Using telescopes a fantastic way to learn about sky coordinates. 
I was fascinated by all the electronics labs. 
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I am not completely comfortable with computers yet, but I feel 
through continued use, this will be overcome. 

Somehow the computers are looking a little more friendly as I get 
to use them. 
- I've always enjoyed working with computers 

e. increasin~ self-confidence 

B. Journal Analysis - Females 

a. reactions to science as a discipline 

.. frustrating ...... now I know how hard research is. 
- if I went to conferences, I could learn quite a bit. 

"One must remember that the entire human life revolves around 
science. " 
- what's more important .... human welfare or the stars? 

some of the processes and procedures are so time 
consuming ..... why I don't like science .... .! don't like to wait. 
- science is great when presented with flair- It seems as if 
everything has to be perfect and it scares me. 

Research seems to be the quest for knowledge driven by emotion 
and/or curiosity. 

Research is not all fun and games .... .it can be tedious and hard 
work. 

I'm a little scared of research since it seems like a foreign 
language sometimes. 
- I can't help wonder if that money (the Mirror Lab) could've been 
better spent on the homeless women and children and those 
starving elsewhere. 

The more knowledge we gain, the more power we receive. 
Counting volcanoes is not exactly saving mankind or anything, 

but I guess we're continuing human-kind search for knowledge. 
- studying Venus is like a quirky Star Trek mission .... To go where 
no one has gone before. 
- Science can be such an adventure! 
- Hard work in research pays off. 

Science may explain, but it takes creativity to do science. 
- What science is .... asking a question that leads to another question 
which leads to yet another question. 
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- Science seems to be having curiosity and wonder about something 
to the point of wishing to go the a library and researching it to 
satisfy your hunger for unfulfilled questions. When you are 
hungry, dig in and digest! 

NASA doesn't seem too important next to the population 
explosion. 

Some aspects of research seem tedious and boring (such as typing 
in hours of data points), but the end result is very exciting. 
- I enjoy working in groups .... it's much easier 
- Research teaches and DEMANDS responsibility. 
- Science will never be inspiring unless they (students) know how 
to nurse ideas form seemingly unrelated facts and figures. 
. Once I began to see science as relating ideas to formulate 
questions, it opened a whole new door for me . 
. Science is ever-growing because others will always come up with 
a way to expand on a previous idea. EXCITING! 
- Good ideas must take years to develop. 
- Research seems to be hard-not terribly so-just time consuming . 

... .it seemed that. as I was explaining it (a research process) to 
others, I began to understand it better myself. 
- Doing this is kind of fun variable star curves) since you really 
know what to expect. You could even prove old theories wrong. 
- I enjoy seeing science facilities because it's real-life ..... not 
Disneyland. 
- I've learned a lot, not facts, but ideas and how to work in a group. 

Part of being a scientist is making mistakes. so you have 
something to correct or go from. 
- Curiosity is promoted when students don't have to worry about 
tests and can explore because they want to learn, not because they 
have to. 
- Research gives you the chance to express yourself freely and 
experiment with new ideas and thoughts. 

b. scientists as human beings.". 

- scientists glad to talk to us and happy to see us. 
- don't know if scientists are normaL.only know 2 professional 
scientists. 

The fidos absolutely fantastic. (at Houston) 
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- Engineers at McDonnell Douglas really nice. Talked to me a long 
time and gave me a business card. (Houston) 
- Kelly was surprised that Jeff J. was so young .... scientists are in 
their middle 30's to 40's. 

Humorous clippings on doors destroy the idea that scientists have 
no sense of humor! 

Scientists seemed amazed at what teenagers could accomplish. 
- Dr. Strom took us out for ice cream. He was so normal...like a dad. 
- I noticed the one sided ratio of women at the conference. I felt 
lucky to be there. 
- This guy was Human!! (James Head, Brown U., listening to Malea 
at the poster session.) And he was acting like he knew what I was 
talking about. 
- Researchers are really neat but confusing looking (?) 
- It felt so good to see scientists so excited about what we're doing. 
- It was so great seeing real scientists actually listening to what we 
have to say (at the poster session). 

I was surprised to learn that astronomers work indoors(after U. 
of A. trip). 
- Scientists are pretty silly! 

During the poster session, I was so pleased that the scientists 
treated me as their equal even though I wasn't. 
- Those scientists (ones arguing over their results at the LPSC conf.) 
are slightly mean! Wish they would defend themselves in a more 
civil manner. 
- Do all scientists drink as much as these? (LPSC poster sessions -
free beer) 
- Mission Control was worth the whole trip. Nice to be treated by 
professionals as intelligent human beings. (Houston) 

c, possible careers in science 

looking at the telescope pier got me thinking about civil 
engineering as a career. (Kitt Peak) 

I love science and engineering but I also love to express myself 
through writing and other forms of art. 

I'm intrigued with the doctor-astronaut idea. (Houston) 
- I think this trip (Houston) confirmed my desire to be a doctor as I 
want to help people. 



- After the paper and Houston. I've made up my mind about 
science (I rather like it. in case you haven't guessed!). 
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I know now that I would be satisfied with a career in science. 
I know now that I don't want to have a career that strictly does 

research because I wouldn't be able to handle the monotony of data 
analysis. 
- I think I really would like to go into science (not just because of 
astronomy) and not just to break the "women aren't in science" 
stereotype. but because I really like ecology and forestry. 

After the Houston trip. I decided that astronomy and engineering 
were not for me. 
- The Mission Control Tour sparked my interest in NASA jobs. 

At first I grew a little weary of research thinking I had to come 
up with a correct hypothesis. but now I am interested in research 
as a career. 
- I am going off to the U. of A. with great enthusiasm for science 
- I know for sure that I want to be a doctor. The only thing that 
holds me back is my lack of confidence and I realize that now. 
- I will be a scientist no matter what that guy thinks! ( a guy 
commenting on my speech at the Res. Corp. Conference) 

You showed me that science was more than just something I was 
good at .. .it is something I can do a good job at. maybe for the rest of 
my life. 

I have never been interested in science. but some of the things I 
saw today have gotten me interested in the research and what I 
might find out. (U. of A. field trip) 

d. attitudes towards technology 
- Computers! He says they don't bite, gut a beep is almost as 
frightening. (2nd day of class 

Never use home computer because it's too confusing. 
Can't wait to figure out computers. 

- "Voyager Program is fun and neat. 
The large telescopes were amazing (Kitt Peak). 

- The MMT was spectacular. (MMT trip) 
can apply what I know about computers in class. 

- Computers can do a lot more than I thought. 
- Computers; I knew it would eventually come to this. I'll struggle 
through it. 



246 

I think I've got genetic electromagnetic problems with computers 
and such. 

comment later in the journal from above student .... "I was just 
remembering how computer paranoid I was - now it's subsided to 
only an occasional irrational fear. I'm moving right along. 

Amazed beyond all believability by ill the resources, building, 
telescopes, and technology at the U. of A. 
- This is a pretty big deal for me ..... typing on the computer for the 
very first time! 

Same girl as above, three months later ..... "I am happy to say that 
I feel much better about using computers. 

e. increasin~ self-confidence 
- I'm not positive I will do well because of my lack of knowledge in 
math.(3rd day.) 
- I feel stupid in this class. (2nd week) 

I'm totally afraid to ask to help because I'm afraid you'll think 
I'm ll..ll. stupid. 
- After all of this, I actually feel like I know what is going on! 
(with her variable star analysis) 
- I was a real high-on-life experience to be able to be put on the 
spot (at the poster) and feel confident about what I was saying. 
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APPENDIX 3 - RESEARCH CLASS SYLLABUS 

Astronomical Research Class Syllabus - Fall 1993 

Research Coordinator • J. F. Lockwood. Sahuaro High School. 545 
N. Camino Seco. Tucson. AZ 85710 

Research Project - "An Analysis of the Distribution by Size and 
Elevation of Small Volcanic Edifices on Venus" 

Research Mentors - Jeff Johnson, Goro Komatsu (Lunar and 
Planetary Laboratory) 

Weekly Schedule* Monday 7 am - Background lecture or work 
Tuesday 7 am - Background lecture or work 
Friday 7 am - Student Seminars or work 

*Students are also required to work three hours per week outside 
of class on their projects, preferably at a University library or other 
facility. 

Class Requirements 

- Submission of your assigned section of the class research report 
(data sets, graphs, section of the introduction or conclusion when 
applicable). 
- Submission of your personal journal at bi-weekly intervals, 
beginning on September 10th. 
- Delivery of a 10 to 15 minute seminar on a Venus-Magellan 
related topic (See Appendix I). Use of overheads and or slides is 
required. A one page summary of your talk, outlining the salient 
points that you expressed, is to be passed out to each member of 
the class. 

Evaluation - An "A" or a "B" will be earned for the successful 
completion of the three items above. An "I" (incomplete) will be 



248 

earned for the omission of any of the three requirements. The "I" 
will be changed to a "C" when the missing requirement(s) are met. 
Backl:round Lecture. Actiyity and Student Seminar 
Schedule 

Week Day 

8116-20 Mon. 
Tues. 
Fri. 

8/23-27 Mon. 
Tues. 
Friday 

8/30-9/3 Mon. 
Tues. 
Friday 

9/6-10 Mon. 
Tues. 
Friday 

9113-17 Mon. 
Tues. 

Friday 

9/20-24 Mon. 

Tues. 
Friday 

9/27-10/1Mon. 

Tues. 

Topic or Activity 

Pre-test, Research is ..... question. 
It " 

Intro. to Research 

Survey of the science of astronomy 
The Earth - an overview 
Tape - "The Third Planet" 

Lithosphere of the earth 
Composition of Rock Types 

pass out seminar project 

Labor Day 
Plate Tectonics 
Tape - "The Blue Planet" 

Intro to Image Processing 
Field Trip to the U. of Arizona Steward 
Observatory, the Mirror Lab, Lunar 
Planetary Lab, astronomy as a career 
luncheon panel, Sci. and Engineering 
Library orientation 
The Inner Planets 

Assign Mag. Data Sets (FMIDRS). pass out 
practice image and data sheet. brief talk on 
the outer planets 
Rocks and Minerals 
Continue Rocks and Minerals 

Introduction to radar imaging and 
interpretation - by Jeff Johnson/LPL 
Geomorphology 



Friday 

10/4 - 8 Mon. 
Tues. 
Friday 

Work on Practice Exercise - "Measuring 
Volcanic Edifices on Venus" 

Workday - Practice Ex. and Data Sets 
Workday - as above 
Workday - as above 

10111 - 15 Mon .• Tues. Submit journals for evaluation, 
individual conferences to review 

Friday 

10118 - 22Mon. 
Tues. 
Friday 

preliminary work. 
No class 

Erosion and Deposition 
Final Words on Eru1h Geology 
Student Seminars 
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10125 - 29Mon. 
Tues. 

Workday - Reducing data. prepare seminars 
Workday 

Friday 

1111 - 5 Mon. 
Tues. 
Friday 

1118 - 12 Mon. 
Tues. 
Friday 

III 15 -19 Mon. 
Tues. 
Friday 

Student Seminars 

Workday 
Workday 
Student Seminars 

Using Computer Graphing Programs 
Workday 
Student Seminars 

Workday 
Workday 
Student Seminars 

11/20 Saturday Field Trip to Kitt Peak National 
Observatory 

11122 - 24Mon. 
Tues. 
Wed. 
Friday 

Workday 
Workday 
Student Seminars 
No Class - Thanksgiving 



11129-12/3 Mon. 
Tues. 

Friday 

12/6 - 10 Mon. 
Tues. 
Friday 

12/13 - 17Mon. 
Tues. 

Friday 

Holidays ? 

January ? 

Final data tables due 
Graphing techniques/ assembling spread 
sheets 
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Finish graphing using various bins and other 
student selected ways of displaying results 

Analysis of Results 
Error Analysis 
Begin writing abstract for LPSC 

Pass in Journals for grading, finish up paper. 
Plan poster for Houston and Research Corp. 
Conference in January. Send draft of 
abstract to Komatsu and Johnson (LPL) 
No Class 

We will get together and complete 
abstract/and construct poster during an 
eight hour period. Eight students are 
needed or do you think perhaps twelve? 

Goro Komatsu and Jeff Johnson (LPL) will 
come a help us with the poster and offer 
their advice. Class briefing on their 
comments concerning your research 



251 

APPENDIX 4 - SAMPLE PUBLISHED ABSTRACT (LUNAR AND 
PLANETARY SCIENCE CONFERENCE PROCEEDINGS XXIV) 

Small Volcanic Edifices on Venus: Morphology, 
Diameter, and Elevation Distribution Sahuaro High School 
Astronomical Research Class 1, Tucson, AZ, J. F. Lockwood, teacher, 
Evergreen High School Research Class2, Vancouver, WA, Mike 
Ellison, teacher, Advisors: J. Johnson, O. Komatsu, (Lunar and 
Planetary Laboratory, University of Arizona, Tucson, AZ 85721) 

Introduction: It appears that volcanic features are not 
evenly distributed on the surface of Venus.3 Head et al. 4,5 
theorizes that the sparsity of volcanic features in the lowlands may 
be due to an altitude dependent inhibition of volatile exsolution, 
and the resulting production of neutral buoyancy zones sufficient to 
form magma reservoirs and favoring flood lava's at lower 
elevations. The astronomy research classes of Evergreen and 
Sahuaro High Schools surveyed a slice of Venus Magellan data to 
investigate the frequency of edifice type, the frequency distribution 
of edifice diameters, and the frequency distribution of edifices by 
elevation. 
Observations: Student researchers from the two high schools 
located and measured small volcanic edifices (1 to 20 km) in 15 
FMIDRS taken from five Venus Magellan Mosiacked Image Data 
sets. These FMIDRS are located in a strip from 700 N to 600 S 
latitude and centered at 00 longitude. 

Students used the four classifications (shield-shap(.~d, dome-
shaped, flat-top, and cone-shaped) described in Aubele, 1993.6 

Using a 1.49 PDS program, the volcanic edifices were located by 
centering the cursor on calderas and recording the latitude and 
longitude. The diameters were measured in kilometers by 
averaging the distance across the x and y axes. 

The elevation was recorded by using the GXDR Elevation and 
Altimetry Disk. To find the elevation, the latitude and longitude of 
the edifices were located on the topographic image and the 
elevation was recorded directly form the results box in Image 
1.49.2. 
Results: The total number of volcanic edifices per class and the 
percentage in each class was plotted in Figure 1. Shield-shaped 
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volcanoes appear to be the most dominant with over 50% of the 
total number of edifices measured. Cone-shaped and dome-shaped 
edifices were both 20% and flat-tops were only 2%. This compares 
to a similar study by Head and Aubele who reported 85% of the 

small volcanic edifices measured to be shield-shaped.7 They did 
not report, however, on the percentages of the other classes. 

The distribution of volcanic cone diameters is shown in Fig. 2. Of 
the 2221 cones sampled, 41 % fell in the 2-3.5 km size range. The 
graph peaks at the 2.5 km bin with 320 cones. A 200 cone sample 
of terrestrial submarine cones by R.C Searle (Fig. 2A) shows a 
distinct peak (30% of sample) between edifices with diameters of 
two to three kilometers.8 Both graphs show similar and gaussian
like distribution to about ten kilometers (Fig. 2 and 2A). 

The 15 FMIDR sample represents about 1 % of the Venusian 
surface area. Given that one data set is a rough approximation of 
the various topographic levels on Venus, we project that the 
number of small volcanic cones may range from 400,000 to 
600,000 if the polar regions are included. 

Our sampling area's distribution by elevation (Fig. 5) shows very 
few cones in the lowland areas, a result similar to Head et. 

al., 19924 , and it implies that cones are most densely populated in 
the plateau regions. The graph shows an even distribution from the 
Mean Planetary Radius (6051.4 km) to 6052.2 km However, there 
is no single peak in contrast to a previous distribution by elevation 
produced by last year's Sahuaro Astronomical Research class, which 
peaked at 6051.8 km. Our findings also showed a larger percentage 
of cones at higher elevation than last year's study. Figure 5 makes 
a dramatic downward turn at elevation 6052.4 km. We found very 
few cones located above elevation 6053.8 km. These findings could 
be a result of the number and type of F-MIDR's we chose for our 
sample. 

The configuration of Figure 4 is strikingly similar to the results 

of Keddie et. aI., 1993.9 Their results show that the majority of 
large cones in his sample fall between 6051.5 km and 6052.5 km. 
There was also a paucity of edifices in both the lowlands and 
highlands, and an abundance of edifices in the mid-altitude regions. 
These results, which agree with our own, may be due to the fact 
that 70% of the Venusian surface is classified as rolling uplands or 
plateau. 
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Conclusion - Volcanic edifices are not uniformly distributed on the 
surface of Venus. This study shows that the distribution by 
elevation follows the neutral buoyancy theory of Head, et. al., 
1992.4 The percentage of edifice in each of the four classes may 
vary across different topographic regions while the distribution of 
small edifice diameters appears to be very uniform, peaking 
between 2 and 3 km. This distribution is very similar to the size of 
small cones on Earth. A more comprehensive sample is necessary 
to fix the percentages of small volcanic edifices on the surface of 
Venus as well as total number of these constructs. 

References: 1 K. J. Arbeita , J. T. Bleea, P. J. Bornsa , 0 Bretschgera, R. 
J. Brown, C. C. Crowsona, V. A. Dukea, 1. K. Eppley, A. S. Falgiano, T. 
1. Griffith, S. D. 1. Hiller, A. R. Lucas, D. R. McCanse, C. F. McGinleya, 
B. A. Newell, C. H. Philips, K. A. Rathbuna, R. L. Root, D. M. Stoflet, B. 
V. Tucker, S. Woods, 2 K. Gerlacha, C. Petersona, A. Fossea, 
3 Saunders, S., et. al., 1992, JGR, v. 97, 8, pp. 13067-13090, 4 Head, 
J., et. aI., 1992, JGR, v. 97, E8, pp. 13153-13197, 5 Head, J., Wilson, 
L., 1992, JGR, v. 97, E8, pp. 3877-3903, 6 Aubele, J. C., 1993, LPSC 
XXIV, LPlIUSRA, pp. 47-48, 7 Head, J. Aubele, J., 1991, LPSC XXII, 
LPlIUSRA, pp. 545-546, 8 Searle, R., 1981, Marine Geol., v. 53, p. 
57, 9 Keddie, S., 1993, LPSC XXIV, LPlIUSRA, p. 499-500. 
a = principal investigator 
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Fig. 1· Total Edifices by Class 
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Figure 2-Number of Edifices vs. Diameter 
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Fig. 2A • Volcanic Edifice Distribution • Earth 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Dlametor (Km) 



257 

Figure 5: Elevation vs. Number of Edifices • 1994 
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APPENDIX 5 - Survey Test 

INTRODUCTION 

We would like your help in developing interesting science courses. 
Please complete the five parts of this survey, answering ill of the 
questions in each part. This is not a test and none of your answers 
will be used to ~rade vou in any way. However, we do need 
complete and honest answers to all survey questions, statements, 
and problems. 

PART I 

Name: 
Age: 
Sex: 
RaciallEthnic 

Group: __ 

Grade Level: 

Female Male 

Afro-American ____ Asian 
Hispanic Native American 
White Other 
______ Freshman _______ Sophomore 
____ Junior _____ Senior 

Number of mathematics courses taken in High School: 

Number of science courses taken in High School: 

How much 
do you like 
math?: hate math dislike math math is OK like math like math a lot 

How much 
do you like 
science?: hate sci. dislike sci. science is OK like sci. like sci. a lot 
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Part II 

This part contains 70 statements about science. You will be 
asked to think about these statements. There are no right or wrong 
answers. Your opinion is what is wanted. 

All answers should be placed in on the answer sheet. Please 
do not write on the question sheet. 

Using a number 2 pencil, print your name on the front of the 
answer sheet in the blocks provided. Begin with your last name 
and fill in as much of your last name as fits in the boxes. Then fill 
in your first name and middle initial. Fill in the boxes for your 
social security number. Then, fill in the circles below the social 
security number with the number above them. If you do not know 
your social security number, leave that area blank. 

FOR EACH STATEMENT IN THE SURVEY Fll..L IN CIRCLE: 

A if you STRONGLY AGREE with the statement 
B if you AGREE with the statement 
C if you are NOT SURE about the statement 
D if you DISAGREE with the statement 
E if you STRONGLY DISAGREE with the statement 

Practice Item: 

Practice 1. It would be interesting to learn about boats. 

A 
o 

B 
o 

C 
o 

D 
o 

E 
o 

Suppose that you agree with this statement. You would fill in the 
circle below the B on the answer sheet. 

IF YOU WANT TO CHANGE AN ANSWER, ERASE IT CLEANLY AND 
MARK YOUR NEW RESPONSE 
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ALTHOUGH SOME STATEMENTS ON THIS SURVEY ARE FAIRLY 
SIMll.AR , YOUARE ASKED TO INDICATE YOUR OPINION ABOUT ALL 
70 STATEMENTS. 

1. Money spent on science is well worth spending. 
2. Scientists usually like to go to their laboratories when they 

have a day off. 
3. I would prefer to find out why something happens by doing 

an experiment than by being told. 
4. 1 enjoy reading about things that disagree with my previous 

ideas. 
5. Science lessons are fun. 
6. 1 would like to belong to a science club. 
7. I would dislike being a scientist after I leave school. 
8. Science is man's worst enemy. 
9. Scientists are about as fit and healthy as other people. 
10. Doing experiments is not as good as finding out information 

from teachers. 
11. I dislike repeating experiments to check that I get the same 

results. 
12. 1 dislike science lessons. 
13. 1 get bored when watching science programs on TV at home. 
14. When I leave school, I would like co work with people who 

make discoveries in science. 
15. Public money spent on science in the last few years has been 

used wisely. 
16. Scientists do not have enough time to spend with their 

families. 
17. 1 would prefer to do experiments than to read about them. 
18. 1 am curious about the world in which we live. 
19. School should have more science lessons each week. 
20. I would like to be given a science book or a piece of scientific 

equipment as a present. 
21. I would dislike a job in a science laboratory after I leave 

school 
22. Scientific discoveries are doing more lla..r.m. than good. 
23. Scientists like sports as much as other people do. 
24. 1 would rather agree with other people than do an 

experiment to find out for myself. 
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25. Finding out about new things is unimportant. 
26. Science lessons bore me. 
27. I dislike reading books about science during my holidays. 
28. Working in a science laboratory would be an interesting way 

to earn a living. 
29. The government should spend more money on scientific 

research. 
30. Scientists are less friendly than other people. 
31. I would prefer to do my own experiments than to find out 

information from a teacher. 
32. I like to listen to people whose opinions are different from 

mine. 
33. Science is one of the most interesting school subjects. 
34. I would like to do science expeliments at home. 
35. A career in science would be dull and boring. 

36. Too many laboratroies are being built at the expense of the 
rest of education. 

37. Scientists can have a normal family life. 
38. I would rather find things out from an expert than by finding 

out myself. 
39. I find it boring to hear about new ideas. 
40. Science lessons are a waste of time. 
41. Talkng to friends about science after school would be boring. 
42. I would like to teach science when I leave school. 
43. Science helps to make life better. 
44. Scientists do not care about their working conditions. 
45. 1 would rather solve a problem by doing an experiment than 

be told the answer. 
46. In science experiments, I like to use new methods that I have 

not used before. 
47. I really enjoy going to science lessons. 
48. I would enjoy having a job in a science laboratory during my 

school holidays. 
49. A job as a scientist would be boring. 
50. This country is spending too much money on science. 
51. Scientists are just as interested in art and music as other 

people are. 
52. It is better to ask the teacher the answer than to find it out 
by doing experiments. 
53. I am unwilling to change my ideas when evidence shows that 
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the ideas are poor. 
54. The material covered in science lessons is uninteresting. 
55. Listening to talk about science on the radio would be boring. 

56. A job as a scientist would be interesting. 
57. Science can help to make the world a better place in the 

future. 
58. Few scientists are happily married. 
59. I would prefer to do an experiment on a topic than to read 

about it in science magazines. 
60. In science experiments, I report unexpected results as well as 

expected ones. 
61. I look forward to science lessons. 
62. I would enjoy visiting a science museum at the weekend. 
63. I would dislike becoming a scientist because it needs to much 

education. 
64. Money used on science projects is wasted. 
65. If you met a scientist, he or she would probably look like 

anyone else you might meet. 
66. It is better to be told scientific facts than to find them out 

from experiments. 
67. I dislike listening to other people's opinions. 
68. I would enjoy school more if there were no science lessons. 
69. I dislike reading newspaper articles about science. 
70. I would like to be a scientist when I leave school. 

PART III 

FOR EACH OF THE FOLLOWING STATEMENTS INDICATE WHETHER 
YOU AGREE OR DISAGREE WITH THE STATEMENT BY MARKING 
THE ANSWER SHEET AS FOLLOWS: 

If you AGREE with the statement fill in the T circle for that 
number. 

If you DISAGREE with the statement fill in the F circle for that 
number. 

Start with number 71 on the bubble sheet. 
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71. The most important scientific ideas have been the relsult of a 
systematic process of logical thought. 
72. Classification schemes are imposed upon nature by scientists: 
they are not inherent in the materials classified. 
73. Thanks to the discovery of the scientific method, new 
discoveries in science have begun to come faster. 
74. The primary objective of the working scientist is to improve 
human welfare. 
75. While a scientific hypoehesis may have to be altered on the 
basis of newly discovered data, a physical law is permanent 
76. The scientific invest:igation of human behavior is useless 
because it is subject to unconscious bias of the investigator. 
77. Science is constantly working toward more detailed and 
complex knowledge. 
78. A fundamental principle of science is that discoveries and 
research should have some practical applications. 
79. While biologists use the deductive approach a problem, 
physicists always work inductively. 
80. The ultimate goal of all science is to reduce observations and 
phenomena to a collection of mathematical relationships. 
81. The best definition of science would be "an organized body of 
knowledge. " 
82. Science tries mainly to develop new machines and processes 
for the betterment of humankind. 
83. Any scientific research broader than a single speciality can 
only be carried out through the use of teams of researchers from 
various relevant fields. 
84. Investigation of the possibilities of creating life in the 
laboratory is an invasion of science into areas where it does not 
belong. 
85. Team research is more productive than individual research. 
86. Many scientific models are artificial and do not pretend to 
represent reality. 
87. Scientific investigations follow definite approved procedures. 
88. Most scientists are reluctant to share their findings with 
foreigners, being mindful of the problem of national security. 
89. The essential test of a scientific theory is its ability to 
correctly predict furure events. 
90. When a large number of observations have shown results 
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consistent with a general rule, this generalization is considered to 
be a universal law of nature. 
91. The scientific method follows the five regular steps of definng 
the problem, gathering data, forming a hypothesis, testing it. and 
drawing conclusions from it. 
92. One of the distinguishing traits of science is that it recognizes 
its own limitations. 
93. The stearn engine was one of the earliest and most important 
developments of modern science. 
94. Scientific research should be given credit for producing such 
things as modern refrigerators. television, and home air
conditioning. 
95. If at some future date it is found that electricity does not 
consist of electrons, today's practices in designing electrical 
apparatus will have to be discarded. 
96. By application of the scientific method, step by step, humans 
can solve my problem or answer almost any question in the realm 
of nature. 
97. Scientific method is a myth that is usually read into the story 
after it has been completed. 
98. Scientific work requires a dedication that excludes many 
aspects of the lives of people in other fields of work. 
99. An important characteristic of the scientific enterprise is its 
emphasis on the practical. 

PART IV 

Fill in circle A if you AGREE. 

Fill in circle B if you DISAGREE. 

Start with number 100 on the bubble sheet. 

100. Science is my top career choice. 
101. Research is the primary job of a scientist. 
102 I fully expect to graduate from a four-year college. 
103. I plan to only go to a two-year college. 
104. I do not plan on going to college. 
105. I would feel comfortable using universities facilities to do 
my work instead of our school library. 
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106. Universities welcome high school students and encourage 
them to use their facilities. 
107. I view research as a job for extremely intelligent people only. 
108. One or both of my parents graduated from a four-year 
college. 
109. I perceive research to be a lot more hard work than it is fun. 
110. To me, the word research is synonymous with Lib@ work. 
111. To me, the word research is synonymous with discovery. 
112. I see no difference between the words "science" and 
"technology" . 
113. Most of my present knowledge concerning the process of 
research comes from my English teacher. 
114. I could never picture myself doing research on a full-time 
basis. 
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PART VI 

Please work out the following problems. Do all of your work on 
these sheets; you may use the back. but number the problems so 
we know which work goes to which problem. 

I . A description of an investigation and a table of data are given 
below. 
a. Construct a gaph. 
b Draw a best-fit line. 
c. Write a statement of the relationship between the variables. 

INVESTIGATION: An investigation was carried out to determine 
the relationship between the size of an automobile motor and the 
gasoline mileage. 

Size of motor 
(horsepower) 

47 
100 
140 
193 
227 

A verage kilometers 
(per Ijter of ~asQljne) 

7 
5 
4 

3.5 
3 
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2. Draw a best-fit line for the points on the graph. 

metric tons 
of corn 

kilograms of nitrogen 

3 . Write a statement of the relationship between the variables 
shown on this graph. 

INVESTIGATION: A weather station kept a record for a ten-year 
period of the average amount of rainfall during several months. 

average 
rainfall 
(em) 

month of the year 

4. Write a statemenent of the relationship between the variables 
shown on this graph. 
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INVESTIGATION: Some soldiers were tested to see if the number 
of kilometers they could hike in an hour was affected by the 
temperature. 

kilometers 
hiked in 
an hour 

Temp. in Oc 
5. Read the description of this investigation and then answer the 
questions below. 

A study was done of the concentration of bleach needed to change 
the color of cloth. Squares of cloth were soaked in a bleach 
solution for 5 minutes each. Concentrations of 100, 95, go, 85, ... , 
5, and 0% bleach were used. 

a. Identify the controlled variables in 
the above investigation. 

b. Identify the manipulated variable. 
c. Identify the responding variable. 
d. State the hypothesis being tested. 

a. 
b. 
c. 
d. 

6. Check each of the statements below that is stated as a 
hypothesis. 

a. The rusty nail in the board is four 
inches long. a. 
b. The lighter the balloon, the higher it 
will climb. b. 
c. Plants grow toward light. 

c. 
d. The more water in a tomato, the 
firmer it will be. d. 



7 . Classify these statements as hypotheses (H) or non
hypotheses (N). Circle the appropriate letter. 
a. Solids will dissolve faster than N H . 

gases. 

b There are no caves in Kansas. 

c. The larger the surface area, the 
faster the evaporation. 

d. A tomato is 96% water. 

N H 

N H 

N H 
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8 Suppose you wished to test the hypothesis stated below. 
Which of the variables listed should be controlled in the 
experiment? Place a check in the blanks provided. 
Hypothesis: The more water a plant receives, the larger it will 
grow. 

a. amount of water 
b. kind of plants 
C potting soil 
d. amount of light 

a. 
b. 
c. 
d. 

9. List four variables you would control if you were to test this 
hypothesis. Hypothesis: The greater the horsepower, the faster 
the car will travel. 

a. 

b. 

c. 

d. 
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