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ABSTRACT 

The purpose of this study was to assess the extent of discovery 

learning opportunities in Arizona secondary chemistry classrooms and 

to determine their relationship to performance in selected areas of 

freshman college chemistry at the University of Arizona. 

For the purpose of this study two questionnaires were devel

oped, one to gather data relating to students' participation in dis

covery learning activities in high school chemistry and the other to 

assess their use of learning resources at the University of Arizona. 

Interviews were conducted with 15 volunteers from the subjects 

of this study. The information provided by these volunteers concern

ing their high school chemistry background was consistent with infor

mation obtained from the questionnaires. 

Examination and laboratory scores were obtained from the 

records of the chemistry department, to assess student performance 

in lecture and laboratory. 

The students' responses on the Learning Activities Question

naire were used to form a discovery index score, which was correlated 

with college chemistry examination scores, college laboratory scores, 

and student-reported use of learning resources. 

The lack of relati'onship between the discovery index scores 

and college chemistry examination scores was tndicated by a partial 

correlation of -.10 which was not statfstically significant at the 

.05 leve 1. 

vi i 
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A statistically significant partial correlation of .20 indi

cated the discovery index scores were related to college laboratory 

scores. 

No significant relationship was found between discovery 

index scores and students' use of learning resou~ces at the University 

as indicated by the Pearson correlation of .15, which was not signi

ficant at the .05 level. 



CHAPTER 1 

STATEMENT OF PROBLEM 

Introduction 

Science education was an area of intensive investigation 

during the decade of the sixties, a decade of change not only in 

content and organization of secondary school science, but also in 

renewed study of learning theory. 

One of the largest single influences on learning theory has 

been Jerome Bruner's book, The Process of Education (1960), which 

reported on a science education conference held at \.Joods Hole, 

Massachusetts, under the auspices of the National Academy of Sciences 

(ShulmanandTamir1973). Onemajor_a~eaof di-scussion in this book is 

conceptions of the teaching-learning process. The focus of this dis

cussion is on processes by which learning occurs. The processes 

discussed by Bruner, known as "discovery learningll, are characterized 

by increased student participation in the learning process. Bruner 

defined discovery as "all forms of obtai-ning information for oneself 

through the use of one1s mind" (Bruner 1961, p. 22). 

Curriculum reforms of the sixties in the area of science 

education were influenced to a large extent by the ideas set forth 

in The Process of Education. As these ideas were translated from con

cepts to a practice, a period of intensive research followed in which 

traditional students were compared to the students of the new 
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curricula in a variety of experiments which often produced disappoint

ing results. In most studies little or no difference was detected 

between new and old curricula, and the studies that produced signifi

cant differences one time failed to do so in replication (Shulman and 

Tami r 1973). 

The lack of experimental evidence for the support of discovery 

learning not only indicates a lack of knowledge of what IS the best 

instructional strategy, but also may indicate possib.le flaws in what 

is an accurate description of the way students learn. The mixture 

of results may not be a reflection of the differences in students who 

haveparticfpated in discovery learning activities, but could be indi

cative of research design problems. Some deiign problems were: the 

outcome measures selected were inappropriate to assess the differences, 

the experimental treatment was not sufficiently different from that of 

the comparison group, or measurements were taken too soon after treat

ment to detect long term effects of learning experiences (Berlanger 

1969) • 

Statement of the Problem 

The purpose of this study was to assess the extent of dis

covery learning opportunities in Arizona secondary chemistry ,classrooms 

and to determine thei'r relationship to performance in freshman chem

istry at the University of Arizona. 

Areas of performance in col lege freihman chemistry that were 

investigated included: 



1. Students' performance in lecture-recitation. 

2. Students' performance in laboratory. 

3. Students' use of learning resources in college freshman 

chemistry. 

The following questions provided direcUon to the study: 

1. To what extent are students afforded the opportunity to par

ticipate in discovery learning activities in Arizona secon

dary classrooms? 

2. What is the relationship between participation in discovery 

learning activities in secondary chemistry and performance 

in lecture-recitation section of college fres·hman chemistry? 

3. What is the relationship between participation in discovery 

learning activities in secondary chemistry and laboratory 

performance in college freshman chemistry? 

4. What is the relationship between participation in discovery 

learning activities in secondary chemistry and student use 

of learning resources in college freshman chemistry? 

Rationale of the Study 

3 

In an analysis of the curricular reforms of the decade of the 

sixties, \~ittrock stated, "So far as these curricular demonstrations 

are concerned, learning by discovery is sUll a hypothesis--an untested 

one at that" (Wittrock 1966, p. 39). 
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In writing of discovery learning, Bruner (1961, p. 25) stated: 

Practice in discovering for oneself teaches one to acquire 
information in a way that makes that information more readily 
viable in problem solving. So goes the hypothesis. It is 
still in need of testing. But it is an hypothesis of such 
important human implications that we cannot afford not to 
test it--and testing will have to be in the schools. 

In the same article, he hypothesized the following three 

advantages to discovery learning: 

1. One learns the heuristics of discovery. 

2. One increases his retention of material. 

3. One experiences increased self reliance and intrinsic 

motivation as a result of participation IOn discovery 

learning. 

This is the perspective from which this study investigated 

discovery learning. Discovery learn,ing experiences were viewed as 

learning experiences which occur in chemistry classrooms with varying 

frequency. The extent of a student's participation in discovery 

learning, compared with selected variables indicative of performance 

in college freshman chemistry, served to assess the effects of dis-

cove ry 1 ea rn i ng. 

Statistical Hypotheses 

1. There is no relationship between the extent of students I 

participation in discovery learning activities tn high school 

chemistry and their performance in lecture-recitation portion 

of freshman college chemistry. 



5 

2. There is no relationship between the extent of students' 

participation in discovery learning activities in high school 

chemistry and their performance in freshman college chemistry 

laboratory. 

3. There is no relationship between the extent of students' 

participation in discovery learning activities in high school 

chemistry and their use of learning resources of freshman 

college chemistry. 

Setting of the Study 

This investigation concerned itself with Arizona high school 

students enrolled in freshman chemistry at the University of Arizona. 

These students hadnot had any prior experience in a college science 

class and had graduated from high school within the last three years. 

They all attended the lecture sections of a single instructor. 

Scope and Limitations 

Although a student participates in many learning activities 

during his tenure in secondary school, those of his secondary school 

chemistry class in particular should have discernible effect on his 

performance in freshman chemistry. This study was designed to measure 

the extent of discovery learning opportunities and to determine their 

relationship to performance in selected areas of freshman chemistry. 

I. The subjects consisted of 171 college freshmen students who 

were enrolled in freshman chemistry for the first time at 



the University of Arizona and had st.udied chemistry at an 

Arizona secondary school. 

2. Subjects were selected from college freshmen chemistry 

classes that were taught by the same instructor. 

3. All participants were volunteers. 

4. Data were gathered during the fall semester, 1981. 

Assumptions of the Study 

1. A student's performance In freshman chemistry Is 1n some

way related to his prior learning experience In secondary 

school chemistry. 

2. A student can recall learning activities from secondary 

school chemistry with sufficIent accuracy to report the 

extent of their occurrence on a questionnaire. 

3. Learning activities may be ~lassrfied as either those which 

promote discovery learning or those which do not promote 

discovery learning. 

Definition of Terms 

Discovery Learning - A process which occurs inside the learner 

as the learner uses his cognitive abilities to reorganize 

previously acqui·red informati'on into a new structure that 

permits understanding of the problem that produced the need 

for a new structure. Implici.t to the above defintion is a 

situation in which the learner encounters a task to perform 

without any readily apparent means of performance, where 

6 
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there is contradiction of existing information, or when he 

is asked to educe symmetry or structure from a situation 

in which none seems to exist. 

Learning Activity - Stimuli which are a part of an instructional 

program, presented to the learner with the intent of pro-

ducing a change in behavior. 

. . 
Lecture Recitation Section of Freshman Chemistry - That portion 

of freshman chemistry in which the students attend lecture, 

solve problem assignments and take exams. 

Laboratory Section of Freshman Chemistry - That portion of fresh-

man chemistry in which students perform experiments and report 

results. Students register for laboratory independent of 

lecture recitation sections. 

Learning Resources in Freshman Chemistry - Resources available 

to students outside the laboratory-lectune portion of the 

course. These include computer-aided instruction, tutorial 

services provided by the department, rnstructor-conducted 

review sessions, as well as student-selected activities, 

such as private study groups and printed material other than 

text and laboratory manual. 



CHAPTER 2 

REVIE\.J OF THE LITERATURE 

Introduction 

The purpose of this chapter is to review the literature 

related to discovery learning as it pertains to instruction in high 

school chemistry. The literature to be reviewed i's divided into six 

parts: the first is the psychological basis for learning. The 

second part revi~ws the literature of modern learning theorists 

and educational psychologists concerning discovery learning. The 

third part of this review examines the literature discussing the 

structure and nature of science and the impl ications this has for 

curricular decisions. The fourth se,ction discusses discovery learn-

ing while the fifth reviews research conducted in science discovery 

learning in high school chemistry. The sixth section reviews selected 

literature pertinent to the research methodology of this study. 

Psychological Basis for Learning 

In discussing roles of teaching theories in the development 

of educational practice, Broudy (1963, p. 1) stated: 

\.Jhat sort of teaching theory wi 11 command interest during 
a given period of ~istory depends on what sort of learning 
carry a premi'um in that period. In a period when science 
and mathematics are richly rewarded, educational theorists 
strain to formulate new methods for teaching these subjects .•. 

8 
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International affairs affecting the United States in the 1950·s 

inspired a renewed interest in competence, proficiency, power and 

excellence in education in general and in particular in the natural 

and technical sciences (Mason 1972). 

As this concern for improvement of education gave rise to pro

jects to improve science curricula, the aid of many scholars was 

enlisted. Among these scholars were psychologists whose views of the 

nature of learning became influential in the development of the new 

science curricula. 

The most prominent families of contemporary learning theory 

are those of the behaviorist family and the Gestalt-field family of 

cognitive field theories. Although both families use the results of 

scientific experimentation to form their theories of learning, there 

is a wide divergence given to the interpretation of the results of 

the experiments (Bigge 1976). This difference in interpretation of 

experimental results provides very different views of what constitutes 

sound educational practice. 

The behavioristic family of psychology has as its modern 

proponents B.F. Skinner and Kenneth W. Spence. These psychologists are 

sometimes termed neo-behaviorists, to dtstingui"sh their positions from 

that of the earl ier behavi"orists who placed more emphasis on the 

physiological aspects of behavior (Bigge 1976}. 

The neo-behavtorist can be characterized by several common 

fundamental tenets, the first being the proposal that psychology be 

based on objective scientific observation. Spence (]960, p. 79) stated: 



As scientists we are interested in discovering and formulating 
a body of knowledge concerning the behavi"or of 1 i"ving organ
isms that is continuous with and has the same properties, 
empirical and logical, as the knowledge sought in the other 
natural sciences. Since the attainment of such knowledge 
requires methods of observation that assure publicly veri
fiable concepts, we have naturally insisted on such techniques. 

The second proposition is the neutrality of the learner. 

Skinner (1953, p. 23) suggested: 

We are concerned, then with the causes of human behavior. We 
want to know why men behave as they do. Any condition or 
event that can be shown to have effect on behavior must be 
taken into account. By discovering and analyzing these causes, 
we can manipulate them, we can control behavior. 

Skinner (1971, pp. 44-45), in an address to the Western Symposium on 

Learning, attributed current problems in education to the lack of 

recognition of the neutral ity of the learner, saying: 

We have been to ready to assume the studen t a free agent, that 
he wants to learn, that he knows best what he should learn, 
that his attitudes and tastes should determine what he learns, 
and that he should discover things for himself rather than 
learn what others have already discovered. These principles 
are all wrong and they are responsible for much of our current 
trouble. 

The neo-behaviorists also insist that man is in many ways 

similar to lower animals and that results of animal experiments can 

be extended to human learning. According to Skinner (1971, p. 37), 

liThe fact that much of the early work involved the behavior of lower 

10 

animals such as rats and pigeons has often been held against it. But 

man is an animal, although an extraordinarily complex one, and shares 

many basic behavi"oral proces"ses wi"th other spedes." 

The neo-behaviorist also advocates the use of operant condi-

tioning, used to shape animal behavior, as a means of instruction. 



The only change is the change in contingencies. In comparing learn-

ing in pigeons and human learning, Skinner (1971, p. 39) stated: 

We do not say that about a pigeon; we only say that under the 
conditions we have arranged, a pigeon learns. We should say 
the same thing about human students. Given the right condi
tions men will learn--not because they want to, but because, 
as the result of genetic endowment of the species, contingen
cies bring about changes in behavior. 

11 

Skinner (1971, p. 43) envisions progress in the application of 

stimulus-response psychology to education and so stated in his address 

to the Western Symposium on Learning: 

Current appl ications of operant conditioning to education are 
no doubt crude, but they are beginning, and a beginning must 
be made... But we are on the ve rge of a new educa tiona 1 
'method'--a new pedagogy--in which the teacher will emerge 
as a skilled behavioral engineer. He will be able to analyze 
the contingenci"es which arise in his classes, and design and 
set up improved versions. He will know what is to be done and 
will have the satisfaction of knowing that he has done it. 

Although education may not produce ",behavioral engineers," one cannot 

deny the influence of the neo-behaviorist on educational practice. 

The other school of psychology which has strongly influenced 

contemporary education practice is Gestalt or field psychology. Max 

Weltheimer, the German philosopher-psychologist was first to state the 

position of Gestalt psychology, and two of his colleagues, \101fgan 

Kohler and Kurt Koffla, were primarily responsible for publicizing it 

in the United States (Bigge 1976). 

Kurt Lewin took the spirit of Gestalt psychology, added some 

new concepts, applied some terms from geometry and mechanics and called 

it field psychology, also referred to as topological and vector 

psychology (Thrope and Schmuller 1954). 
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Gestalt-field psychologists agree with the behavtorists that 

psychology should be based on careful observation. An important dif-

ference is the way the observations are analyzed. Behaviorists insist 

on objective and descriptive analysis of data, while the Gestalt-field 

psychologists makes use of constructs to interpret observations. 

Lewin (1951, p. 219) maintained: 

Topological and Vectoral concepts combine power of analysis, 
conceptual precision, usefulness for derivation and fitness 
for the total range of psychologIcal problems in a way which, 
in my opinion, is superior to any other known conceptual tool 
in psychology. 

Lewin's statement is a contrast to Skinner's (1938, p. 44) 

delineation of systematic descriptive behaviorism: lilt confines 

itself to description rather than explanation. Its concepts are 

defined in terms of immediate observati'ons and are not gi'ven local or 

phys i 0 1 og i ca 1 p rope rt i es . " 

The Gestalt-fieldpsychologists do not discuss behavior outside 

of the context in which it occurs. The holistic view maintains that 

the whole is greate~ than the sum of its parts (Thorpe and Schmul1er 

1954) . 

Lewin (1951, p. 62) expresses the ho1 istic i:dea this way: 

Many psychologists, particularly those who followed the theory 
of conditioned reflex, have confused this requIrement for 
operational defintions with a demand for eliminating psycho
logical descriptions. They insisted on defining 'stimuli' 
superficially in terms of physics •.. to describe a situation 
objectively in psychology actually means to describe the 
situation as a total tty of those facts and of only those 
facts which make up tlie field of the individual. To substi'
tute for that world .•. the world of anybody else is to be 
not objective, but wrong. 
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This holistic view of psychology suggests that the acquisition 

of facts outside of contextual background is uneconomical learning. 

Bruner (1960, pp. 32-33) stated: 

Teaching specific topics or skills without makfng clear their 
context in the broader fundamental structure of a field of 
knowledge is uneconomical in several deep senses .•. an uncon
nected set of facts has a pitiably short half life in memory. 
Organizing facts in terms of principles and ideas from which 
they may be inferred is the only known way of reducing the 
quick rate of loss of human memory. 

The Gestalt-field psychologist recognized the need f.or the 

learning of facts but only in the context of the whole. The reduction 

of concepts to a series of facts to be presented atomistically may 

not be meaningful to the student and result in short term gains 

(Thorpe and Schmuller 1954). 

Combs (1962, p. 60) in discussing" the effect of personal mean-

i ng, s ta ted: 

•.• As any teacher is aware, mere exposure to an event is not 
a guarantee that the event will be perceived by the indivfdual 
or be available on latter occasions. Somethfng more than con
frontation with events is necessary to insure fnclusions of 
perceptions in the field and thefr availability on later 
occasions. This availability seems dependent upon at least 
two factors: (a) the i ndi vi dua I' s discovery of personal 
meaning, and (b) the satisfaction of need. 

The field psychologist is"also concerned with the motivation 

of the student to learn. Bruner (1960, p. 72) commented on this, 

saying: 

Short-run arousal of interest is not the same as long-term 
establishment of interest in the broadest sense. Films, audio
visual aids, and such other devices may have a short-run effect 
on catching attention. In the long run, they may produce a 
passive person waiting for some curtain to go up to arouse him. 
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This concern for motivation and personal meaning in learning is 

also expressed in the concern for the surroundings in which learning 

takes place. Th is view was expressed in fe rce i vi ng, Behav i ng, Becom iong: 

A New Focus for Education (Combs 1962, p. 93) In the following state-

ment: 

The people around the individual form the climate and the 
soil in which the self grows. If the soil is fertile and the 
climate wholesome, there is vigorous and heallthy growth. 

If the climate is unwholesome and unkind, growth is stunted or 
stopped, and illness occurs. There is either growth or non
growth .•. knowledge then is distorted or closed out and growth 
is stopped. Learning under these circumstances is In terms of 
self protection, not in terms of self growth. 

An interaction of the learner with his surroundings is 

expressed In this statement as well as the mediation of stimulus from 

the env i ron men t. 

This brief review on the two major contemporary schools of 

psychology contrasted the views of each. In the next section, liter-

ature is reviewed which describes how these views are used to form 

descriptions of learning which are then used to construct curricula. 

Learning Theory 

Learning theories are systematic descriptions of the nature of 

learning. Three important questions for which these systematic views 

of learning seek answers are: 1. What is the essential process 

called learning? 2. How is learning transferred from one situation 

to another? 3. What should be emphasized in teaching (Bigge 1976)? 



Contemporary learning theories are influenced greatly by 

psychology. Thorpe and Schmul1er (1954, p. 5) stated: 

Psycho1ogy--from which most learning theories derive their sub
stance--investigates the 'mental I aspects of life as manifested 
in behavior. Education must direct whatever I know-howl concern
ing learning it has at its command to the attainment of the 
purposes for whi·ch it (education) was established. 

Bigge (1976, p. 4) described the influence of psychology on 

educational practice as he stated: 

When teaching moved from the mother~s knee to a formali"zed 
environment designed to promote learning it was inescapable 
that a small group of persons would arise to begin speculating 
about whether schools were getting the best possible results. 
Then, professional psychologists and educators who cdtically 
analyzed school practices found that development of more or less 
systematic schools of thought in psychology offered a handy tool 
for crystallization of their thinking. Each of these ~chools 
of thought has contained, explicitly or impl icitly, a theory 
of learning. In turn, a giv~n theory of learning has implied 
a set of classroom practices. 
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To the behaviorist, learning i·s a change in behavi·or elicited 

by the reaction of the learner to stimuli which are reinforced. 

Skinner (1968, p. 10) says: 

Extremely complex performances may be reached through successive 
stages in the shapIng process, the contingencies of reinforce
ment being changed progressively in the direction of the required 
behavior. The results are quite dramatic. In such a demonstra
tion one can see learning take place. A signtficant change in 
behavior is often obvious as a result of a single reinforcement. 

Skinner viewed the question of transfer as a problem of making 

behavior contingent on circumstances in the environment outside the 

classroom. He expressed this view 0968, p. 86) in saying: 



•.. the real issue is whether the teacher prepares the student 
for the natural reinforcers which are to replace contrived 
reinforcers used in teaching, The behavior which is expedited 
in the teaching process would be useless if it were not to be 
effective in the world at large in absence of instructional 
contingencies. 
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The behaviorists proposed that instruction may best be planned 

by answering the following questions (Skinner 1968, p. 19): 

What behavior is to be set up? What reinforcers are at hand? 
What responses are available in embarking upon a program of 
progressive approximations which lead to the final form of 
behavior? How can reinforcements be most efficiently 
scheduled to maintain behavior in strength? 

Skinner (1968, p. 22) went on to point out that this requires 

new methods of presenting materials, "We have every reason to expect, 

therefore, that the most effective control of human learni·ng will 

require instrumental aid. The simple fact is that, as a mere rein-

forcing mechanic, the teacher is out of date,lI 

The Gestalt-field psychologist proposes a different view of 

learning. To Brunner (1960) the act·'of learning had three almost 

simultaneous processes: 

1. Acquisition of new information. 

2. Transformation, the process of manipulating knowledge to make 

it fit a new task. 

3. Evaluation, checking whether the way we have manipulated the 

information is adequate to the task. In the learning of 

subject matter there is usually a series of episodes, each 

episode involving the three processes. 
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Bruner maintained that for transfer of training to be possi-

b1e the student must have an understanding of the fundamental principles 

and ideas (Bruner 1960). The path to this understanding is through 

'optimal structure'. Bruner pointed this out in stating, " ... here it 

suffices to say that such merit of a structure depends on its power for 

simplifying information, for generating new positions, and for increas-

ing the manipulability of a body of know1edge ll (Bruner 1966, p. 41). 

In discussing what constitutes the best means of instructing, 

Bruner identified predisposition of the student, structure of the 

discipline, and sequence of materials and reinforcement as central to 

planning effective instruction (Bruner 1966). 

Bruner (1966, p. 72) went on to state, II to instruct someone 

in these disciplines is not a matter of getting him to commit results 

to mind. Rather, it is to teach him to participate in the process 

that makes possible the estab1 ishment of knowledge .•• knowing is a 

process, not a product." 

Not all learning theortsts are as affected by a single model 

of psychology. Gagne's theory of learning was an example of an 

ec1ect.icpsycho1ogica1 approach to the formulation of a systematic 

des.cription of learning. He noted (.1970, p. 20} the need for an 

eclectic psychological basis for learning by stating: 

Thorndike wanted to study animal association. Parker was 
studying animal reflexes. Ebbtnghaus studied the memorization 
of verbal lists. Kohler was studyi'ng the solvi'ng of problems 
by animals. By some peculiar semantic proces's, these examples 
became prototypes of learning, and thus were considered to 
represent the domain of learning as a whole, or at least in 
large part. Somehow, they came to be placed in opposition to 



each other: either learning was all insight or all learning 
was conditioned response. Such controversies have continued 
for years and have been relatively unproductive in advancing 
our understanding of learning. 

Gagne's view was that there are eight different types of learning, 
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beginning with simple signal learning, that is, responding to a signal, 

ending with the complex phenomena of problem solving. He proposed that 

rather than concentrating on the act of learning, we study conditions 

under which that type of learning occurs. 

One of his conditions was that the learner have the prerequisite 

learning experiences to gain from the planned activity. Gagne viewed 

the types of learning as hierarchical in nature, with mastery of each 

necessary before being able to master the next (Gagne 1970). 

Gagne's conditions of learning were often associated with 

performance or competency-based educati"on and the mechanistic Instruc-

tional technology used to plan this type of instruction (Bigge 1976). 

Although contemporary teachers may have not studied learning 

theory as such, most have studied the psychologies which are the basis 

for these theories. Bigge suggests that most educators hold an 

eclectic position and, therefore, use the learning theories of both 

major psychologies to plan instruction (Bigge 1976). 

Structure of Science 

Another important influence on science teaching came from a 

movement known as the structure of discipl i"nes movement. ':'A central 

notion in this theory was that teaching should s"tress the underlying 
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concepts and processes of each field of scholarly inquiry such as 

mathemat i cs, 1 anguage, phys i cs, chemi st ry, b i 0 logy or hi story" 

(Mason 1972, p. 136). 

The structure of disciplines movement had as its main proponents 

Jerome Bruner and Joseph Schwab. Bruner wrote of the structure of 

knowledge, and Schwab writes of the nature of science and inquiry; 

both related these wdtings to science teaching (Mason 1972). 

Schwab (1964, p. 13) describ~d the relationship of structure 

of a discipline to teaching in stating, " ... for to know what structure 

under1 ies a given body of knowledge :is to know what problems we shall 

face in imparting this know1edge." Bruner (1960, p. 20) saw structure 

as central to teaching so that students gain usable knowledge and stated: 

Just as the physicist has certain attitudes about the ultimate 
order1 i ness of nature and convi ct i'on that order can be di s
covered, so a young physics student needs some working version 
of these attitudes if he is to o~ganize what he learns as use~ 
able and meaningful in his thinking. 

Both of these writers sa\'>/ that knowledge was rapidly changing and that 

only through understanding the structure could students be prepared 

to face these changes. Schwab (1964, pp. 29-30) contended that: 

The revisonary character of knowledge assumes curriculum 
significance because revisions now takes place so rapidly 
that they will occur not once but several times in the 
lives of our students. If they have been taught their 
physics, chemistry or biology dogmatically, their discovery 
that revision has occurred can only lead to bewilderment 
and disaffection. Again, the a1ternatfve is the teaching 
of scientific knowledge in light of the inqui'ry that produced 
it. 
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Schwab (1962, p. 198) also expressed concern about the manner 

in which science is presented to students. He said, lithe first signi-

ficance to education is we cannot teach the conclusions of a discipline. 

as if they were about the whole subject matter and were the whole 

truth about it." 

In an earlier article he reviewed hundreds of research reports, 

including those of the most outstanding scientists of the past two 

centuries, in an endeavor to see what scientists do. He found that 

inquiry within disciplines changes with time and that the nature of 

the discipline had much to do with the type of inquiry used to study 

phenomena within that discipline (Schwab 1960). 

Schwab (1964, p. 24) contended that the way to improve ~sci;ence 

teaching was to educate teachers ion modes in inquiry. He said: 

The need for content of inquiry ~herewith to make teaching 
and learning clear has been almost universally overlooked 
because of a singular failure in the subject matter prepara
tion of teachers. They have been permitted to assume, or, 
indeed have been flatly told, that "induction" or "scientific 
method" stands for something simple, single and well defined. 
Quite the contrary is true: induction is not the name for 
some single, definite process but merely an honorific word 
attached by various philosphers to what ever mode of inquiry 
they favor. 

Bruner concurred that training of teachers is indicated and 

that to accomplish this, education should enlist help. He stated 

( 1960, p. 32): 



Designing curricula in a way that reflects the basic structure 
of a field of knowledge requires the most fundamental under
standing of that field. It is a task that cannot be carried 
out without the active participation of the ablest scholars 
and scientists. The experience of the past several years has 
sho\'Jn that such scholars and scientists, working in conjunction 
with experienced teachers and students of child development, can 
prepare curricula of the sort we have been considering. Much 
effort in the actual preparation of curriculum materials, in 
teacher training, and in supporttng research will be necessary 
if improvements meet the challenges of the scientific and social 
revolution through which we are now living. 

The result of these recommendations is now history. Hurd 

(1969, p. 14), in discussing the direction the reform was to take, 

said: 
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The National Science Foundation, wh.ich had been asked by the 
Congress of the United States to make the decision, chose the 
professional scientist as the most qual ioned person to improve 
high school science courses. For example, the research phystcist 
is the person who knows phys iocs best and is therefore the one 
to revitalize the physics course; the same rationale was used 
to select di rectors for writing Inew l biology, chemistry and 
earth science courses. 

The selectton of scientists to head the projects resulted in 

curricula as recommended by the structure of discipl ines movement. 

Hurd (.1969, p. 16) described the new curricula saying: 

The scientist's point of view on curri:culum development ls 
quite clear: a high school course should be the mirror 
image of a science discipline, with regard to both its 
conceptua 1 structure and its pattern of ionqui ry. The theories 
and methods of modern sdence should be reflected in the class
room. In teaching sdence, classroom operations should be in 
harmony with its tnvestigatory processes and supportive of the 
conceptual, the intuitive, and the theoretical strucutre of 
knowledge. 
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The direction of the curricula reforms was clear but the effect 

on education practice was questionable. In a recent article, Good1ad 

(1979, p. 343) said, "Yet there is growing suspicion that the much 

touted supposed reforms of the sixties never occurred '" They were for 

the most part non-events." 

Silberman (1970, p. 172) expressed this same view saying, "One 

needs only sit in the classrooms, in fact, and examine the text and 

reading list to know that with the poss·ib1e exception of mathematics, 

the curriculum reform movement has made a pitifully small impact on 

classroom practice." 

Not everyone vi ews the curri cu 1 um reforms of the past two 

decades as failures. Shulman and Tamir (1973, p. 1130) stated: 

The impact of the new curricula is being felt not only 
because they produce an abundance of instructional 
materials, but also because they influence commercial 
wr i ters to update the i r materi a (s and mot i vate cons i derab 1e 
improvements in teaching methods and facilities. Moreover, 
many students, teachers, colleges, and teacher training 
courses not offidally committed to the new curricula have 
made extensive use of the instructional materials of the 
curricula. In this way new programs have had di rect or 
indirect influences on most of the science teaching programs 
in the country. 

Discovery Learning 

In discussing the efforts of the curricula reforms to keep 

pace with rapidly cha~ging knowledge, Hurd 0969, p. 34) said, liThe 

current educational emphasis upon creativity, inquiry, intuitive 

interpretations, learning to learn, independent study, discovery and 

autonomous learning are each reflections of this point of view." 
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Discovery learning was closely associated with the curricula 

reform of the sixties which is not surprising since Bruner was one of 

the major proponents of discovery learnIng. 

Bruner (1961, p. 22) defined discovery learning as, "Not only 

the act of finding out something that before was unknown to mankind, 

but rather including all forms of obtaining knowledge for one self by 

the use of ones' own mind." 

In a later work Bruner (1966, p. 96) states, "ChIldren need 

not discover all generalizations for themselves, obviously. Yet we 

want to give them opportunity to develop a decent competence at it 

and a proper confidence in their ability to operate independently." 

Discovery learning is seen in a different manner &y writers, 

for example Glasser (1966, p. IS} stated, "Discovery sequences can 

generally be characterized by these two properties: (1) inductive 

sequence and (2) trial and error or errorful learning." 

Ausubel 0968, p. 292) viewed discovery learni"ng as a change 

in educational objective and stated: 

The development of problem solving ability is, of course, 
a legitimate and signifIcant educational o&jective in its 
own right. Hence, it is highly defensfBle to util ize a 
certain proportion of classroom time in developing appre
ciation of and th~ facility fn the use of the scientific 
methods of inqui ry and of other empIrical i"nductive, and 
deductive problem solving procedures. But this is a far cry 
from advocating that the endearment of problem solving ability 
is the major function of the school. The goals of the scientist 
and student are not identical. Hence, students cannot learn 
science effectively by enacting the role of junior scienti"st. 
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The enhancement of problem solving as a major function of the 

schools was referred to in a statement by Suchman (1961, p. 198) in 

which he said: 

•.. more basic than the attainment of concepts is the abi 1 ity 
to inquire and discover them autonomously. • •• The schools 
must have a new pedagogy with a new set of goals which sub
ordinate retention to thinking. Instead of devoting their 
efforts to storing information and recalling it on demand, 
they would be developing the cogni'tiv~ functions needed to 
seek out and organize information iOn a way that would be most 
productive of new concepts. 

Gagne agreed with Ausubel in stating that most types of learn-

ing are best achieved by direct methods. He maintained that all 

learning except problem solving, can be learned through direct methods 

and most likely more rapidly if direct methods are used. About problem 

solving, Gagne (1970, p. 150) stated, "Problem solving, when considered 

as a form of learning, requires discovery since the learner is expected 

to generate a novel combinati'on of previously learned principles. In 

this case too, guidance appears to have its familtar role of reducing 

time for search." 

Skinner (1968, p. 109) expressed his disdain for discovery 

learntng stating: 

If the student must be taught from the world of things, nothing 
wi 11 ever have to be taught. Th i sis the method of discovery. 
It is desi'gned to absolve the teacher from a sense of failure 
by making instruction unnecessary, the teacher arranges the 
environment in which discovery is to take place, he suggest 
lines of inquiry, he keeps the student within bounds. The 
important thing is that he should tell him nothing. 

The lack of agreement about the role of discovery learning is 

not surprising when one recognizes the impact of psychology on the 
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science curriculum reform. Shulman and Tamir (1973, p. 1110) stated, 

IIDuring the recent years of the science teaching revolution, decisions 

about instruction have most often been explicitly rooted in or at 

least rationalized by reference to some form of psychological theory.11 

Resea rch on 0 i scove ry -Learn i ng 

The literature contains a multitude of experiments conducted 

on discovery learning. However, Wittrock (1966, p. 68) after revi'ew-

ing over fifty of the early studies said: 

•.. results of a study should be generalized only to students, 
subject matter, and situation directly comparable to those 
sampled in the experiment. Although the future may show that 
broad principles do encompass a variety of people and subject 
matter, the present state of science warrants no such con
clusions. 

Shulman and Tamir (1973), after a comprehensive review of science 

teaching reached the same conclusion. 

Since generalizing results from one subject matter to another, 

and one age group to another is dubious, only selected literature 

pertaining to the effects of discovery learning in high school or 

fi rst college courses in chemistry were included j'n the review. 

A computer search of the 1 iterature pertaintng to dtscovery 

learning in secondary chemistry yielded the same results as Shulman 

and Tamir reported (1973, p. 1139). They summarized their findings 

by saying, liThe bulk of research in science teaching during the past 

decade appeared to be dissertation-related one-shot studies by inves-

tigators for whom this would be their last research effort." 
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As the result there has been little replication of studies 

and contradictory results have been reported by researchers studying 

the same construct. However some factors were reported as significant 

by all who include them in their study.' One of the factors was the 

independence of gender of student with achievement in chemIstry 

(Gemberl ing 1975), (Hendricks 1962), (Homme.n 1961), and (.Marking 1971). 

Another factor that was consistently related to achievement 

in chemistry was the student's abflfty or background in mathematics. 

Bajah (1972), Demas (1977), and Maruo (1975) found significant corre

lations of mathematics standardized test scores with achievement in 

chemistry. Puzzuoli (1967), Hendricks (1962), and Kelly (1953) 

examined the relationship of years of high school mathematics with 

achievement in first college course in chemistry and found a signifi

cant relationship. 

Several of the studies in high school chemistry compared 

students of the new curricula with those of conventional programs. 

These studies studied various aspects of chemistry instruction by 

comparing students of Chern Study and Chemical Bond Approach with 

students from conventional chemistry programs. One aspect of 

chemistry instruction studied was student achievement as measured 

by standardized chemistry achievement tests. 

Schaff (1968) classified questions on the American Chemical 

Society Natronal Science Teacher Association's (ACS/NSTA) high 

school chemistry exam according to levels within Bloom's cognitive 

domain. He reported no differences at the knowledge level; however, 
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students of the modern curricula performed better on questions calling 

for intellectual skills above the knowledge level. 

Troxel (1968) studied thirteen hundred and thirty-three 

students from classrooms of high schools with populations of more than 

five hundred students. He found that students of Chern Study and 

Chemical Bond Approaches (modern curricula) achieved better as measured 

by the ACS/NSTA test. Similar results were reported by Marking (971) 

and Cottingham (1970). 

Altendorf (1965) used a match pair design to compare achieve

ment of traditional and Chern Study students. He matched students from 

four Chern Study classrooms with students of twenty-one traditional 

classrooms, using the Iowa Test of Educational Development and grade 

level to select pairs. He reported no s"i"gnificant differences between 

achievement of Chern Study students compared to those in the traditional 

classrooms on the ACS/NSTA high school chemistry examination. Similar 

results were reported by Bajah (.1972) and Diamond (1970). 

Hein (1970) found that teachers of modern curricula spend more 

time on laboratory and provided more discovery learning experiences 

than those of conventional classrooms. Therefore, comparison of 

modern curricula with traditional curricula is at least, in part, an 

evaluation of discovery learning and increased laboratory work on 

ach i evemen t. 

Holcomb (1971) designed discovery learning activities for 

freshman college students studying qualitative analysis in general 

chemistry laboratory. He reported that students instructed by the 



discovery method were more able to design a separation scheme for an 

unknown as well as to score higher on a four month retention test 

than those with explicit instructions. 

Wiseman (1979) reported simf1ar success with nonscience 
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majors who were to discover through experimentation the kinetic 

molecular theory. The students were asked to perform a series of 

simple experiments demonstrating the properties of gasses, liquids, 

and solids. After the experiments, fifty percent of the students 

could write an essentially correct statement of the kinetic molecular 

theory. An additional forty percent could do so after post laboratory 

discussion, while ten percent remained with misconceptions. The exer

cise was repeated three successive years with the same results. 

Interest in this exercise was higher than interest iOn conventional 

exercises. 

Herron (1971) studied fifty science teachers at a National 

Science Foundation Summer Institute and found that only eight of the 

fifty could demonstrate the concept of inquiry as presented in 

National Science Foundation materials they were usfng. He also noted 

that only two of the teachers could discuss inquiry in the broader 

context of science in general. 

He (1971) also found that most teachers used the text book as 

the central portion of the course and expressed concern about the lack 

of time to cover material. Herron also noted that many of these 

science teachers referred to class structure by the traditional 

college division of lecture-lab. 
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In summary the research reported does not conclusively 

support discovery learning as superior to other methods of learning 

materials. One study indicated discovery learning activities may 

not be practiced as widely in classrooms as suggested by the extent 

of the adoption of modern curricula, which stress these activities. 

Research Methods 

Once an investigator has selected a problem for study, he 

must design a study to gather data to provide answers to the research 

questions. Ker1inger (1973, p. 408) suggested that many of these 

design problems are answers to practical questtons such as, '~an the 

study be done with the facilities at the investigator's di'sposa1? 

Can the variables be measured? Will it cost too much? Will it take 

too much time and effort? Will the subjects be cooperative?" As the 

investigator answers the questions above, the design of the study 

emerges. 

The design of a study dictated by practical concerns often 

produces a design less than ideal. The first of these deviations 

from the ideal is the inability to use random samples. Ker1inger 

(1973, p. 129) discussed such samples: 

Another form of nonprobabi1ity sampling is purposive sampling, 
which is characterized by the use of judgment and a deliberate 
effort to obtain representative s'amp1es' by induding pre
sumably typical areas or groups in the sample. So-called 
'accidental' sampling, the weakest form of sampling, is 
probably also the most frequent. In effect, one takes the 
available samples at hand: classes of seniors in high school, 
sophomores in college, a convenient PTA and the like. This 
practice is hard to defend. Yet, used with reasonable knowl
edge and care, it is probably not as bad as said to be. 



He goes on to say, " ••• if you do use them, use circumspection in 

analysis and interpretation of data." This implies that care should 

be exercised in generalizing results. 

Campbell and Stanley (1963, p. 187) discussed the problem 

of generalizing results: 

Generalization always turns out to involve extrapolati'on 
into a realm not represented in one's sample. Such extra
polation is made by assuming one knows the relevant laws. 
Thus if one has an internally vali.d design 4, one has demon
strated the effect for only those specific conditions which 
the experimental and control group has in common, i.e. of for 
pretested group of a specific age, intelligence, sociometeric 
status, geographic region, historical moment 

However, later on in the same discussion they indicated 

that one can increase representativeness of samples in education by 

including more classrooms from which students are drawn for the 

study. 

This study shares with many other educational studies the 
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quasi-experimental, ex post facto design. The students either partici-

pated or failed to participate in discovery learning experiences before 

the investigation began. Campbell and Stanley (1963) term this one 

of the weakest of experimental designs. 

Kerlinger (1973, p. 390) describes the limitations as he 

states: 

Ex post facto res·earch. has three major weakness, , •• 1>. the 
inabil ity to manipulate independent variables, 2) the lack 
of power to randomize and 3} the risk of improper interpre
tation. In other words compared to experimental research, 
other things being equal ex post facto research lacks control· 
this lack of conUol i's the basis for the third weakness: the' 
risk of improper interpretations. 



He (1973, p. 392) later in the same discussion adds: 

It can even be said the ex post facto research is more impor
tant than experimental research. That is, of course, not a 
methodological observation. It means rather, that the most 
important social scientific and education research problems 
do not lend themselves to experi"mentation, although many of 
them do lend themselves to controlled inquiry of the ex post 
facto trend. 
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Campbell and Stanley (1963) also indicated that ex post facto 

research can be improved with the use of matching variables that 

contribute to the outcome variable. They contended that with the 

use of multivariable statistical analysi's one can control for variance 

that may otherwise confound the treatment's effect. However, tbey 

also cautioned that if all variables are not accounted for the treat-

ment effect may still be clouded with undefined contributing variables. 

In discussing ex post facto research Kerl inger l1973, p. 318) 

made this point: 

An important distinction must be made. We are not saying that 
the method is universally worthless and misleading. In :starting 
life we depend on such lexperimental ' evidence. We act, we say 
on the basis of our experience, and this is the only way we can 
act. We hope we use our experience rationally and criti'cally. 

The brief review of literature on research design indicates 

that ex post facto designs are not the most commendable of designs; 

however, the results of such studies can be useful if one uses proper 

care in the analysis and interpretation of the data. The literature 

also indicates that the nature of educational research often dictates 

the use of such designs because the researcher does not have the 

ability to control or manipulate the necessary variables. 
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Summary 

In this chapter the literature pertaining to major contemporary 

psychologies was reviewed, including the translation of these psycho·l-

6gies into learning theories. The 1 iterature indicates differences 

in what one psychologist accepts as sound instructro~al practice as 

compared with other contemporary psychologists. Also reviewed was the 

literature pertaining to the structure of science and the implications 

this structure has had for designing instruction in chemistry. The 

literature indicates that the wrftfngs of Schwab and Bruner concerning 

the structure of science and knowledge influenced the science curri

cula reforms of the sixties to a great extent. 

The research reviewed indicated that some support has been 

found for activitfes that allow the student the opportunity to partic

ipate in discovery learning, althougli results are somewhat contradic

tory. 

The literature on research design iridicates, although the use 

of the ex post facto design has limitations, the results can be useful 

if proper care is exercised in the analysis and interpretation of the 

data. 



CHAPTER 3 

DESIGN OF THE STUDY 

I nt roduct ion 

The purpose of this chapter is to describe the design of the 

study. This chapter is divided into four sections: (1) description 

of sampling procedure; (2) development of instruments; (3), methods of 

gathering data; and (4) statistical procedure for the analysis of 

data. 

Sampling Procedures 

Students in the general college freshman chemistry course at 

the University of Arizona were selected as the population for this 

study. These students afforded the .fnvestigator the opportunity to 

gather the type of data necessary to conduct research. 

The sample was drawn by administering the LearnIng Activities 

Questionnaire (Appendix A) to the lecture sections of a single instruc

tor. The demographic data on the questionnnaire were used to select 

from these sections students wi'th the following characteristics: (1) 

enrolled as freshmen at the University of Arizona; (2) enrolled in a 

college chemistry class for the first time; (3) studied secondary 

school chemistry at an Arizona high school; and (4) graduated from 

high school in 1978 or after. 

The sections contained approxfmately 450 students, of which 

365 completed questionnai'res. Of these 365 questionnaires, 61 were 
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not usable because students either did not complete the questionnaire 

or failed to sign the questionnaire, indicating they did not wish to 

participate in the study. Others were unusable because the students 

did not take high school chemistry, were sophomores, or out of state 

students. The result was a usable sample of 171 students. 

Instrumentation 

During the design of the study it was evident that there was 

not a questionnaire available that would obtain the necessary infor-

mation about the subjects' high school chemistry backgrounds. The 

researcher designed a questionnaire to be validated by a committee 

of five specialists. Individuals who evaluated and aided in the 

construction of the questionnaire included: 

Dr. Paul M. Allen, Professor of Secondary Education (and 
learning theory spedal,ist). 

Dr. George Babich, Assi'stant Director North Central 
Association School Visitor (and former secondary 
science teacher). 

Dr. Will iam D. Barnes, Professor of Secondary Education 
(and former secretary science teacher). 

Dr. Robert J. Letson, Department Head, Secondary Education 
(and former superintendent of Curriculum). 

Dr. Linda Bowen, Assistant Professor of Secondary Education 
(and education research specialist}. 

The Learning Activities Questionnai're was presented to the 

committee of five who suggested revisLons in syntax and additional 

items dealing with learning actiVities that promote discovery learning. 

These suggestions were Incorporated into the second draft, which also 



received recommendations for improvement of clarity and ease of 

response to items. These changes were used to produce the third 

draft which was deemed appropriate to the purposes of this study. A 

copy of the final questionnaire is included as Appendix A. 
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The Learning Resource Questionnaire was constructed to measure 

subjects' use of learning resources at the University outside of 

lecture and laboratory. Learning resources were identified and listed 

from interviews with the instructor of the freshman chemistry course. 

These resources included those arranged by the student, such as study 

groups or private tutors, those provided by the chemistry department, 

and those provi'ded by Associated Students' Association. The last 

item on the questionnaire was an open-ended question which allowed 

the respondent to identify other learning resources outside the class

room and the extent of his/her use of these resources. A copy of this 

instrument is included as Appendix B. 

Data Gathering Procedures 

The first data were gathered by admfnistering the Learning 

Activities Questionnaire to the selected sections during the first 

week of the 1981 fall semester. The instructor passed out the ques

tionnaire and collected the returns within the same class session. 

This procedure yielded 171 usable questionnaires. The second ques

tionnaire, the Learning Resource Questi'onnaire, was administered by 

the research during the fourteenth week of the semester. This 

questionnaire was administered and collected within a single class 



period. Questionnai res were obtained from 90 of the subjects in the 

study. 

The next phase of the study was to interview 10% of the sub-

jects. However, only 15 students volunteered for these interviews, 

which was 8.77% of the sample. A list of 10 questions was prepared 

(Appendix C) to provide structure for the interview. ,However, the 

subjects were encouraged to volunteer additional information in the 
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area of the questions. The volunteers represented 15 different Arizona 

high schools and were very willing to di'scuss their high school chemis-

try exper i ences. 

The fourth round of data gather-ing w~s to obtain Information 
/ 

from the students' high school records in the Uni'versity of Arizona 

Registrar's Office. The information was gathered from the records to 

be evaluated as covariates wtth the ~ependent variables. The follow-

ing information was obtained; ACT Mathematics Score, ACT Natural 

Science score, ACT Composite score, year in htgh school that chemistry 

was studied, high school grade point average, and high school physics 

grade. Of the 171 subjects, there were 4 who had no high school record 

on file and 52 subjects without ACT test scores. 

The final phase of data gathering was to obtain from the 

chemist ry i'nst ructor lecture sess ion test scores and laboratory scores. 

The test scores represented the sum of the hourly examinations plus 

the quizzes which were equivalent in points to one hourly examination. 

The laboratory scores represent the percentage of points students 

scored on written laboratory reports. 
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Method of Analysis of Data 

Computer programs from the Statistical Package for the Social 

Sciences (SPSS) were used for analysis of data. Frequencies of all 

items on both Learning Activities Questionnaire (Appendix A) and the 

Learning Resource Questionnaire (Appendix B) were obtained. 

Each questionnaire was also analyzed to obtain an estimate 

of'the reliability using the Alpha split-half method from SPSS program. 

The only statistical test not performed by the SPSS was the 

pairwise comparison of means, in which case a T-test of independent 

means was used. 

The attribute variables, independent variable, and dependent 

variable were used to form a bivariate Pearson correlation matrix in 

order to select those attribute variables to be used to construct a 

hierarchical mUltiple regression equ,ation to test the statisti'cal 

hypothesis. 



CHAPTER 4 

ANALYSIS OF DATA 

For the purpose of the analysis of data this chapter is 

divided into five sections. The first section will present a 

description of the sample, using the data from the Learning Activities 

Questionnaire (Appendix A) and the students' high school records. The 

second section will present the analysis of the Learning Activities 

Questionnaire, and the Learning Resource Questionnaire will be analyzed 

in the third section. The fourth section will summarize the comments 

of the fifteen students interviewed. The last section will present 

the statistical test for the three hypotheses of this study. 

Description 6f the Sample 

The sample was selected to be representative of freshmen 

students who had studied high school chemistry in an Arizona high 

school, graduated within the last three years and were enrolled in 

their first college chemistry course at the University of Arizona. 

The sample is described in terms of information concerning 

high school background in science and mathematics, which was obtained 

from the Learning Activities Questionnaire and high school records. 

Data were not available on some subjects either because the subject 

did not respond to the item on the Learning Activit[es Questionnaire 

or because the information was missing from records on file in the 

registrar's office. 
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The first of the background variables used to describe the 

sample is presented in Table 1. The source is self-reported data 

from the Learning Activities Questionnaire. 

Table 1. Number of Years of Science Completed in High School. 

Years Comeleted Number of Responses' Percent 'of Total 

1 8 4.7% 
2 33 19.3% 
3 51 29.8% 
4 61 35.7% 

more than 4 15 8.8% 
missing data 3 1.8% 

TOTALS 171 100. 1 %~~ 
.'-

"Not equal to 100% because of rounding error. 

The next descriptive variable is the number of years of high 

schol mathematics. Data were obtained for. all 171 subjects for this 

item. It is interesting to note that 60.8% of the students reported 

four or more years of high school mathematics. The source is self 

reported data from the Learning Activities Questionnaire. 

Table 2. Number of Years of Mathematics Completed in High School 

Years Completed Number of Reseonses Percent of Total 

1 2 1.2% 
2 16 9.4% 
3 49 28.7% 
4 89 52.0% 

more than 4 15 8.8% 

TOTALS 171 100.1%* 
i': 

to 100% because Not equal of rounding error. 
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Another variable indicative of student background and ability 

is the American College Test (ACT) Achievement Test Scores. These 

scores are reported percentile scores for college bound sentors. The 

test is scored in two subsections, mathematics and natural science, 

as well as offering composite scores. (The composite score is a com-

posite of the English, Mathematics, Natural Science, and Sooial 

Sciences sub-tests.) Table 3 presents these data for the subjects, 

obtained from their University of Arizona admission files. 

Table 3. Means and Standard Deviations of ACT Test Scores. 

Standard 
Test Scores Number of Cases Mean Deviation 

Mathematics 111 71.68 22.47 

Natura 1 Sci ence 111 71.96 21 .79 

Composite 111 71.57 23.20 

The mean of the 159 subjects for whom high school grade point 

average was available was 3.48, with a standard deviation of .68 (an 

IIAII average is represented by . 4.00). Some students had grade point 

averages greater than 4.0 because some schools represented in the 

sample award honor points for participating in advance placement 

courses. 

One should note that, as a group, the subjects had a strong 

background in science and mathematics and are above average on two 

indicators of academic ability, ACT test scores and high school grade 

point average. 



Analysis of Learning 
Activities Questionnaire 

The Learning Activities Questionnaire was analyzed to deter-

mine validity and reliability. Content and construct validity were 
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estab1 ished by submitting the questionnaire to a panel of five experts 

within the field. This procedure is described in Chapter 3. 

An estimate for concurrent validity was also obtained. Con-

current validity is defined as, lithe extent to which test performance 

is related to some other current performance" (Gronlund 1965, p. 71). 

This estimate was obtained by comparing the responses on the Learning, 

Activities Questionnaire with the results of the interviews with the 

fifteen students. The students interviewed reported the same general 

areas of emphasis for both activities that promote discovery learning 

and activities that do not promote discovery learning, as were obtained 

from the Learning Activities Questionnaire. Thi's information was 

obtained from the same subjects but at different times and served to 

establish concurrent validity. 

An instrument must not only be valid, but must yield reliable 

measurements to be useful. Items 1-30 of the Learning Activities 

Questionnaire were analyzed for reliability by the use of an SPSS 

program (Hohlen 1979) for determination of Chronbach1s Alpha. This 

procedure resulted in a reliability coefficent of 0.98, denoting a 

high degree of consistency of the students' self reporting of learning 

activities at the high school level. 



The Learning Activities Questfonnaire was constructed to 

provide an index of a student's participation in learning activities 

that promote discovery learning. The questionnaire consisted of 30 

items: 15 items represented learning activities that promote dis

covery learning, and the other 15 items represented activities which 

do not promote discovery learning. 
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The discovery index was constructed by scoring activities that 

promote discovery learning on the following frequency scale: 

Three or more times per week = 5 
One or two times per week = 4 

Every other week = 3 
Two or th ree times per semester = 2 

Never = 

For items reporting activities that do not promote discovery 

learning the scale was reversed, resulting in the following frequency 

scores for each item: 

Three or more times per week = 
One or two times per week = 2 

Every other week = 3 
Two or three times per semester = 4 

Never = 5 

One should note that frequent participation in activities that 

do not promote discovery learning decreases the discovery index score. 

The scales were scored in this manner because frequent participation 

in these activies decreases the likelihood that class time can be 

spent on discovery learning activities. 
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With the questionnaire scaled as described, the lowest score 

possible would be the number of items multiplied by one. Thfs would 

yield a score of 30 but such a score would be an unlikely occurrence. 

The hig~est score possible would be the number of items multiplied 

by five, or 150, also an unexpected eventuality. The occurrences 

of scores at either extreme were not expected because the activities 

represented on each of the two 15 item scales represented more activi

ties than classroom time available for participation in these activi

ties. Also it is unl ikely that a chemistry teacher would plan 

instruction making exclusive use of either activities that do not 

promote discovery learning or activities that promote discovery 

1 ea rn i ng. 

The scores obtained from the questionnaire ranged from 41 to 

99 on the 171 questionnaires. The mean of these scores was 69.00, 

with a standard deviatfon of 8.75. These values were in the expected 

range, and indicated that the subjects participated in activities 

that promote discovery learning with varying frequencies. 

Two subscores were obtained to compare the type of learning 

activities that promote discovery learning being used in the high 

school chemistry laboratory and classroom. The first of these was 

the sum of items 16, 17, 18, 20, and 27 which relate to laboratory 

activities. The other subscore was the sum of items 21, 23, 25, 26, 

and 28, which are indicative of learning activities in other-than

laboratory situations. 
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The range of scores on discovery learning activities associated 

with the laboratory ranged from 5 to 24, with a mean of 13.04 and 

standard deviation of 4.31. The other-than-lab discovery activities 

scores ranged from 5 to 20, with a mean of 9.98 and standard deviation 

equal to 3.17. A T-test of independent means gave a "Til of 23.1.20, 

with 336 degrees of freedom. The probability of this occurring by 

chance is much less than one in a thousand, rndicating that these 

means are different. 

Frequencies on individual items indicate that lecture is still 

an important part of instruction in high school chemistry. For 

example, item 7 asked, IIHow often did you listen and take notes from 

the teacher's lectures?1I Of 171 responses, 55% indicated they partic

ipated in this activity three or more times per week, and another 

35.7% indicated they participated one or two times per week. This 

indicated that 80.7% of the subjects spent at least one day a week in 

listening and taking notes from the teacher's lecture. 

If the scoring of the Learning Activities Questionnaire is 

reversed, such that participation in activities that do not promote 

discovery learning is scored as five for "three or more times per 

week ll
, four is "one time per week" and so on, and items representing 

discovery learning activities scores as one for "three or more times 

per week" on up to five for "never", an index for participation in 

non-discovery activities [s formed. The scores resulting from this 

procedure ranged from 61 to 126, with a mean of 108.97 and standard 

deviation equal to 9.74. The mean of discovery index was 69.00 and 
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a T-test of independent means indicates these means are different with 

a probability of less .001 that this difference could occur by chance. 

This difference indicates students spent more class time on activities 

that do not promote discovery learning than they spent on discovery 

learning activities. 

Analysis of the Learning 
Resource Questionnaire 

The Learning Resource Questionnaire (Appendix B) was con-

structed to measure the subjects' use of learning resources outside 

the classroom while enrolled in freshman college chemistry. The items 

were selected after identifying the learning resources avaflable to 

chemistry students at the University of Arizona. 

The learning resources listed seemed to be exhaustive, as only 

19 of the 90 questionnaires indicated additional resources on the open-

ended item 10, "Other resources--please specify.1I Of the 19 other 

sources specified, 13 were printed materials, as asked for in item 2 

of the questionnaire. The other 6 were either family members or 

friends and could have been included in response to item 4. Since 42 

of the 90 subjects returning questionnaires left item 10 blank, the 

item was not used in analysis of the Learning Resource Questionnaire. 

The SPSS reliability Frogram (Hohlen 1979) was used to calcu-

late Chronback's Alpha for the Learning Resource Questionnaire. 

A reHability coefficient of .70 was obtained. This is a smaller 

reliability coefficient than that obtained from the Learning Activities 

Questionnaire which may be due to the shorter length of the Learning 
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Resource Questionnai reo "In general, the longer the test <.instrument) 

the higher the reliabilityll (Gronlund 1965, p. 90). 

The Learning Resource Questionnaire was scored on the follow-

ing frequency scale: 

One or more times per week = 4 
Before each exam = 3 

Occasionally but not on a regular basis = 2 

Never = 

The score for the Learning Resource Questionnaire was obtained 

by summing items 1 through 9. The range of scores possible was from 

a minimum of 9 to a maximum of 36. The 90 scores obtained ranged from 

9 to 24, with a mean of 14.60 and standard deviation equal to 3.92. 

Note that a score of 9 indicates the subject used none of the resources 

1 isted on the questionnai"re. 

Analysis of Student Interviews 

The students of each section selected for this study were asked 

to volunteer for an interview concerning their high school chemistry 

background. This request produced 15 volunteers, all subjects of 

this study. 

Each volunteer was interviewed by the researcher during the 

fall semester, using the ten Interview Questions (Appendix C) to 

provide structure. The students were encouraged to volunteer addi

tional information in the areas of the questions. A summary of their 

responses, and where appropriate; comments, for these ten questions 

as follows: 



Question 1. What is your college major? 

Table 4. Students' College Majors 

Major 

Chemi stry 
B i ochemi s t ry 
Eng i neer i ng 
Biological Science 
Food and Nutrition 
Pre-vet 
Pre-dental 
Animal Science 
Ea rth Science 

Number of Students 

1 
1 
5 
3 
1 
1 
1 
1 
1 
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Question 2. In what year of high school did you study Chemistry? 

The responses to this question were 5 during the sophomore 

year, 7 in the junior year, and 3 in the senior year. These results 

are conslstent with information from student records which indicated 

that for 162 students, 20.4% studied chemistry in their sophomore year, 

58.6% in their junior year and 21% during their senior year. 

Question 3. What type of learning atmosphere was present in your 

high school chemistry class? 

All 15 students agreed that the atmosphere was relaxed. Some 

additional students comments were: "Perhaps too relaxed. Our teacher 

was president of the union and often was as much as 30 minutes late. 1I 

liVery relaxed, lots of humor and the teacher had good rapport with the 

students." 
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Question 4. \4hat were your high school laboratory experiments 

1 ike? 

The stu~ents responded to this question by describing the 

written materials used in laboratory. Of the 15 students, 7 reported 

using a laboratory manual and 8 worked from handouts provided by the 

teache r. 

Question 5. How did you report laboratory data? 

Table 5. Method of Reporting Data 

Me thod used to repo rt da ta Number of Students 

Formal laboratory report with analysis 
of data 

Just gave results to teacher 

Account for errors and answer specific questions 

Used ca rbon pape r, fill ed in the b 1 a'nks, handed 
one copy in and kept the other 

We only did lab reports second semester 

9 

3 

Question 6: Which of the following topics do you remember doing: 

Empirical formulas, percent composition, pH, balanc-

ing equations, stoiciometric relationships, heats of 

formation., kinetics, add-base equilibria, normality? 

The responses to this question were so varied that no pattern 

was evident. One person reported having done none of the topics while 

the others reported different combinations of the topics. 
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Question 7. What kind of problems did you do from the text book? 

All of the subjects reported they did mostly mathematical type 

problems from the text book and typically had weekly assignments with 

this type of problem. 

Question 8. Did you solve problems that required application of 

concepts, but not necessarily mathematics? 

All but one of the students indicated they did very few of 

these types of problems. They reported that the few they remember 

doing were included in laboratory exercises. The one exception said, 

I~es we did this type of problem every day. We did many problems 

requiring application of concepts to dffferent circumstances. 11 

Question 9. If we were to divide college chemistry into three 

areas, lecture-test, problem solving, and laboratory, 

which area would be most difficult for you? 

Of the 15 students polled, 6 indicated they found problem 

solving activities in freshman college chemistry the most difficult. 

These students indicated that their problems were mostly in the area 

of mathematical procedures rather than application of the concepts 

of chemistry. 

The lecture-test portion was chosen by 3 students. One of 

these students indicated difficulty in adjusting to the mUltiple 

choice question format of the examinations. 

The remaining 6 students reported havfng the greatest diffi

culty in laboratory activities. Of·these students, 2 identified 



problems in relating the laboratory portion of freshman chemistry 

with the lecture portion and vice versa. After having· indicated 

laboratory as the area most difficult, one student commented, "I did 

not have enough experience in high school laboratory. Very little 

thought is involved in filling in the blanks." 

Question 10. If you were to recommend changes to your high 

school chemistry teacher what would they be? 
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Student comments were: "More intense treatment of some topics. 

Really get into relationships. Cover some topics that can't be com

pletely understood but will be covered in freshman chemistry." "More 

work related to understanding concepts and applying those concepts 

in laboratory experiments. discovered some relationships but 

probably missed many others." "We spent too much time memorizing 

materials and did not spend enough time understanding what we were 

doing." "Advance at a faster rate." "I took high school chemistry 

my sophomore year. I think I would have done better if would have 

taken it later in high school." "Cover more topics and go into more 

depth." "We spent too much time on molar problems and equation 

balancing, which excluded other important topics." "\4e could have 

done with a few more experiments. We shared the laboratory with 

another class so didn't do as much lab as needed." "A little more 

theory and lecture. 1I "Offer an advanced chemistry course." "Push 

ali ttl e ha rde r." 



After analyzing the comments of the 15 students interviewed 

the following observations can be made: 

1. Students have a wide variety of experiences in high school 

chemistry. 

2. Students reported a relaxed learning atmosphere in their 

high school chemistry class. 

3. The comments obtained through these 15 Interviews were con

sistent with the information obtained from the Learning 

Activities Questionnaire. 

Statistical Test of Hypothesis 

The first statistical hypothesis to be tested was: 
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There is no relationship between the extent of students' partic

ipation in discovery learning activities in high school chemistry 

and their performance in lecture-recitation portion of freshman 

college chemistry. 

The extent of students' participation in discovery learning 

activities were represented by the discovery index, which were the 

scores obtained from the Learning Activities Questionnaire (Appendix A). 

Their performance in the lecture-recitation portion of freshman college 

chemistry was represented by the sum of their examination scores from 

the lecture portion of freshman chemistry. 

A hierarchical mUltiple regression procedure was performed 

with examination scores as the dependent variable. Before entering 

the discovery index score the following covariates were removed in 

the order listed: years of high school science, college chemistry 



laboratory scores, American College Test (ACT) mathematics scores, 

and high school grade point averages. 

The hierarchical procedure of multiple regression removes 

the variance for each of the covariates from the dependent variable 

as they are entered in the mUltiple regression equation (Nie et a1. 

1975, pp. 320-343). This allows one to account for variance that 

might otherwise obscure the relationship of the independent variable 

of interest, in this case the discovery index, with the dependent 

variable, examination scores in the lecture portion of freshman 

chemistry. The results of the procedure are summarized in Table 6. 
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Once the multiple regression procedure was accomplished, two 

measures of relationship were obtained. The first of these measures 

was the change in R2, which is the indication of the variance 

accounted for by the addition of that variable to the multiple regres

sion equation. With discovery index scores as the independent 

variable, and lecture-recitation examination scores as the dependent 

variable, the addition of discovery index resulted in a change in R2 

of .01; or only accounted for 1% more of the variance in examination 

scores. 

The second measure of relationship was the partial correlation 

of discovery index scores, after the variance of preceding covariates 

was removed, with examination scores. As described in Table 6, this 

yields an F-ratio with K, N-K-1 degrees of freedom. This F-ratio 

indicates the probability of obtaining the partial corre~ation by 

chance when the true correlation is equal to O. As presented in 



Table 6. MUltiple Regression Summary Table for College Chemistry Examination Scores. 

Step(a) 
Variable F-Ratio(c) df(d) SI gntflcance (e) Mu~U~le R2(g) 

Chanoe In (i) Partial R(J) Entered (b) to Enter R2{h) r 

YSCI 5.141 1,97 .026 .22 .05 .05 .22 

2 lSC 34.359 2,96 .000* .55 .30 .25 .53 

3 ACM 26.842 3.95 .000* .67 .45 .15 .58 

4 GPA 7.578 4,94 .007 .70 .49 .04 .45 

5 OSI .972 5,93 .327 .71 .50 .01 -.04 

*Computer program calculates probability to thousandths, these probabilities are less than .001. 

(a)Step: order of entry of variable in the regression equation. 

(b)Variable entered: YSCI, years of high school science; lSC, college chemistry lab score; ACM, ACT 
mathematics score; GPA, high school grade point average; OSI, discovery index from learning 
Activities Questionnaire. 

(c)F-ratio to enter: Calculated from Incremental sums of squares for variable bein entered f K 
sums or squares residual f N-K-l 

.51 

.47 

.27 

-.10 

Where K = number of Independent variables, Including the constant in the regression statement. 
N = number of cases 
This same F-ratio is used to determine significance of,'the partial correlation. 

(d) df: degrees of freedom for F-ratio, K and N-K-I 

(e)Signiflcance: probability of obtaining F-ratio by chance. 

(f)Multlple R: multiple correlation coefficient 

(g)R2: coefficient of determination calculated from mUltiple correlation coefficient. 

(h) Change In R2: change in R2 produced as this independent variable is entered. 

(I)r: correlation of Independent variable with dependent variable. 

(j)Partial R: partial correlation of variable being entered with dependent variable, after variance Is 
removed for covarlates already in the equation. 

\11 
W 
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Table 6, the partial correlation was -.10 with an F-ratio equal to 

.97, degrees of freedom 5,93, and probability equal to .327, not 

significant at .05 level. The statistical decision was to retain 

the null hypothesis: There is no relationship between the extent of 

students' participation in discovery learning activities in high 

school chemistry and their performance in lecture-recitation portion 

of freshman college chemistry. 

An advantage of using the hierarchical procedure was the 

ability to note the change in the partial correlations of the discovery 

index scores with the addition of each of the covari'ates. Table 7 

summarizes these data. 

Table 7. Partial Correlations of Discovery Index Scores with Examina
tion Scores as Covariates are Added to Multiple Regression 
Equat ions. 

Covari ate (a) Pa rt i a 1 Correlation F-Rat i 0 df P roba b i 1 i ty 

YSCI -.08 .631 2,96 .429 
LSC -. 16 2.651 3,95 .107 
ACM -.09 .814 4,94 .369 
GPA -.10 .972 5,93 .327 

(a)Covariates: YSCI, years of high school science; LSC, college 
laboratory score; ACM, ACT mathematics score; and GPA, high 
school grade point averages. 

The data in Table 7 indicate that the partial correlation 

made small changes as the covariateswereentered, but never achieved a 

significant F~ratio at the .05 level of significance. These data 

support the retention of the null hypothesis. 



The second hypothesis to be tested was: 

There is no relationship between the extent of students' 

participation in discovery learning activities in high school 

chemistry and their performance in freshman college chemistry 

I abo rato ry • 

55 

Again the discovery index scores were used to measure student 

participation in discovery learning activities. These scores were 

entered in the regression equation after variance due to years of 

high school mathematics, ACT mathematics test scores, college chemistry 

examination scores, and high school grade point averages were removed 

from college laboratory scores. The results of the procedure are dis-

played in Table 8. 

The addition of the discovery index scores improved prediction 

by 3%, as indicated by the .03 change in R2. This procedure yielded 

a partial correlation of discovery index scores with college laboratory 

scores of .20 after the variance due to the covariates were removed. 

The F-ratio for the partial correlation was 3.995 with 2,93 degrees of 

freedom and significant at the .05 level. Based on this statistical 

evidence the null hypothesis was rejected, leading to the acceptance 

of an alternate hypothesis: There is a relationship between the extent 

of students' participation in discovery learning activities in high 

school chemistry and their performance in freshman college chemistry 

laboratory. 



Table 8. Multiple Regression Summary Table for College Chemistry Laboratory Scores. 

Step(a) 
Variable F-Ratlo 

df(d) Significance (e) Entered(b) to Entedc) 
Multiple 2(g) 

R(f) R Partial R{j) 
Change In (I) 

R2lh) r 

YMA 1.687 1,97 .197 .13 .02 .02 • 13 

2 ACM 14. 1157 2,96 .000* .38 .14 .12 .38 .36 

3 TSC 18.853 3,95 .000* .54 .29 .15 .53 .41 

4 GPA .115 4,94 .735 .54 .29 .00 .28 .04 

5 OSI 3.995 5,93 .049 .56 .32 .03 .14 .20 

... , 
Computer program calculates probability to thousandths, these probabilities are less than .001. 

(a) Step: order of entry of variable in the regression equation. 

(b)Variabie entered: YMA, years of high school mathematics; ACM, ACT mathematics score; T5C, college 
chemistry test score; GPA, high school grade point average; OSI, discovery Index from learning 
Activities Questionnaire. 

(c)F-ratio to enter: Calculated from Incremental sums of s uares for variable bern entered t K 
sums of squares residual T N-K-I 

Where K = number of independent variables, Including the constant in the regression statement. 
N = number of cases 
This same F-ratlo Is used to determine significance of the partial correlation. 

(d) df: degrees of freedom for F-ratlo, K and N-K-I 

(e)Slgnlflcance: probability of obtaining F-ratio by chance. 

(f)Multlpie R: mUltiple correlation coefficient 

(g)R2: coefficient of determination calculated from mUltiple correlation coefficient. 
(h) 2 2 Change In R: change In R produced as this independent variable is entered. 

(I)r: correlation of Independent variable with dependent variable. 

(J)Partlai R: partial correlation of variable being entered with dependent variable, after variance is 
removed for covarlates already In the equation. 

\J1 
(1\ 
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The change in the partial correlations of discovery index 

scores with laboratory scores as each of the covariates were added to 

the regression equation are exhibited in Table 9. 

Table 9. Partial Correlations of Discovery Index Scores with 
Laboratory Scores as Covariates are Added to Multiple 
Regression Equation. 

Co va ri ate (a) Pa rt i a 1 Correlation F-Ratio df P robab i 1 i ty 

YMA • 12 1.450 2,96 .231 
ACt1 • 19 3.648 3,95 .059 
TSC .20 4. 123 4,94 .045 
GPA .20 3.995 5,93 .049 

(a)Covariates: YMA, years of high school mathematics; ACM, ACT 
mathematics score; TSC, college chemistry examination score; 
GPA, high school grade point averages. 

It is interesting to note that once years of high school mathe-

matics and ACT mathematics scores had entered the equation the partial 

correlation of discovery index scores increased very little and became 

significant at the .05 level. The addition of college examination 

scores increased the partial correlation only sl ightly although as the 

data in Table 8 indicate, it had a simple correlation of .53 which was 

higher than any of the other covariates. 

The final statistical hypothesis to be tested was: 

There is no relationship between the extent of students' 

participation in discovery learning activities in high 

school chemistry and their use of learning resources of 

freshman college chemistry. 
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The students' participation in discovery learning activities 

was again measured by the discovery index scores and the use of learn

ing resource scores by the Learning Resource QuestIonnaire (Appendix 

B) • 

The mUltiple regression procedure used to test the previous 

two statistical hypotheses was not useful for testing this hypothesis 

because of the lack of suitable covariates among the attribute varia

bles of this study. The three variables with the largest correla

tions were ACT mathematics scores, ACT natural science scores, and 

ACT composite scores. The correlations were, -.24, -.38 and -.26 

respectively. All were significant at the .05 level and moderately 

intercorre1ated with each other. Because these variables were inter

correlated they were not useful as covariates for a mUltiple regression 

equation. 

The bivariate Pearson Correlation of discovery index scores 

with Learning Resource Questionnaire scores was .15 with a probability 

of .077 that this correlation could be obtained from population in 

which the correlation was O. Although the correlation is in the 

expected direction it was not significant at the .05 level so the null 

hypothesis was retained: There is no relationship between the extent 

of students' participation in discovery learning activities in high 

school chemistry and their use of learning resources of freshman 

college chemistry. 



Summary 

Chapter 4 was divided into five sections for the analysis of 

data, the first was a presentation ef data describing the sample. 
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These data indicated the subjects of this research were well prepared 

in science and mathematics and above average on two measures of aca

demic achievement, ACT test scores and high school grade point averages. 

The second section presented the analysis of the Learning 

Activities Questionnaire which indicated that students participated 

in activities that promote discovery learning with varying frequencies, 

with more participation in these types of activities in the laboratory 

portion of high school chemistry. 

The Learning Resource Questionnaire was analyzed in the third 

section. It was noted that some students reported using none of the 

.resources listed on the questionnaire while others made comparatively 

extensive use of these resources. The next section presented the 

analysis of the student interviews and noted that this information 

was consistent with information obtained from the Learning Activities 

Questionnaire. 

The final section presented the statistical treatment of data 

for testing the hypotheses. Theanalysisofthesedata indicated that the 

extent of students' participation in activities that promote discovery 

learning, as measured by the discovery index, was significantly 

related to college chemistry laboratory scores but not related to 

either the college chemistry examination scores or students' use of 

learning resources outside lecture and laboratory at the University. 



CHAPTER 5 

SUMMARY, DISCUSSION AND RECOMMENDATIONS 

Summary 

The Problem 

The purpose of this study was to assess the extent of dis

covery learning opportunities in Arizona secondary chemistry class

rooms and to determine their relationship to performance in selected 

areas of freshman college chemistry at the University of Arizona. 

Methods of Gathering Data 

For the purpose of this study two questionnaires were 

developed, one to gather data relating to students' participation 

in learning activities in high school chemistry and the other to 

assess their use of learning resources available to them at the 

University of Arizona. The Learning Activities Questionnaire 

(Appendix A) was administered to selected sections of freshman college 

chemistry classes and the subjects were selected. Later in the same 

semester the Learning Resource Questionnaire (Appendix B) was 

administered to gather data on the subjects' use of learning 

resources outside the classroom. 

Interviews were conducted with 15 volunteers from the subjects 

of this study. The volunteers were asked questions about their high 

school chemistry class. These data were tabulated and found to be 

consistent with data from the Learning Activities Questionnaire. 
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Data were acquired from the subjects' high school records 

for evaluation for possible use as covariates with the independent 

variables of the study. 

Examination and laboratory scores were obtained from the 

records of the chemistry instructor, to assess student performance 

in lecture and laboratory. 

Analysis of Data 
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The students' responses to the items on the Learning Activi

ties Questionnaire were analyzed to determine the extent of their 

participation in high school chemistry in activities that promote 

discovery learning. A discovery index score was calculated for 

correlation with college chemistry examination scores, college labora

tory scores, and student-reported use of learning resources. 

The relationship of the discovery index scoreswithcollege 

freshman chemistry examination scores was analyzed by the use of 

a hierarchical multiple regression equation. Years of high school 

science, college laboratory scores, ACT mathematics scores, and high 

school grade point averages were used as covariates. The partial 

correlation of -.10 was not significant at the .05 level of signi

ficance. 

A similar hierarchical mUltiple regression equation was used 

to determine the relationship of the discovery index scores to college 

chemistry laboratory scores. The covariates were years of high school 

mathematics, ACT mathematics scores, and high school grade point 
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averages. A partial correlation of .20, significant at the .05 level, 

indicated there was a statistically significant relationship between 

discovery index scores and college laboratory scores. 

It was not possible to use a multiple regression analysis for 

testing the relationship of discovery index scores to Resource 

Questionnaire scores due to the lack of suitable covariates. A 

Pearson bivariate correlation of .15 between these two variables was 

not significant at the .05 level. 

Discussion of Findings 

The findings of this study are discussed in terms of the 

questions that provided direction for the study. The findings can 

be generalized with respect only to the population of this study, 

that is, Arizona high school graduates enrolled in freshman college 

chemistry at the University of Arizona. 

Quest[on 1. To what extent are students afforded the opportunity 

to participate in discovery learning activities 

in Arizona secondary chemistry classrooms? 

The data from the Learning Activities Questionnaires indicate 

that students reported participation in learning activities that pro

mote discovery learning with varying frequency. The range of scores 

suggests that in some classrooms participation in these kinds of 

activities was infrequent. More students identified participating in 

these kinds of activities in association with laboratory experiences 

rather than other portions of chemistry instruction. 



The more frequent participation in activities that promote 

discovery learning in association with laboratory activities may be 

in part due to the influence of the science curricula reforms of the 

sixties. One of the areas of emphasis during these reforms was on 

the type of laboratory activities associated with the new curricula. 

These laborato~ exercises tended to provide less explfcit directions 

to the students and afforded the opportunity for the students to or

ganize and report the data without providing blanks or structured 

charts. Further support for the existence of this influence came 

from the interviews wi'th the students. Over half of these students 

reported using duplicated materials from the teacher rather than a 

laboratory manual. Of the students reporting the use of a laboratory 

manual,' only one reported a manual which provided blanks and charts 

to be filled in during the course o~ the laboratory exercise. 

Arizona chemistry teachers' presentation of learning activi

ties in other than the laboratory part of the course is, in a large 

part, learning activities that do not promote discovery learning. 

However, care must be exercised in interpreting the dominance of 

these types of activities. For example, students made no distinction 

between lecture and group problem solving activities, in which they 

were guided as they mentally processed information to obtain solutions 

to problems involving the application of chemical concepts. Distin

guishing between lecture and this type of activity would require 

direct classroom observation and was beyond the scope of the research. 



Question 2: What is the relationship between participation 

in discovery learning activities in secondary 

chemistry and performance in lecture-recitation 

section of college freshman chemistry? 
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The failure to find a significant correlation between discovery 

index scores and college lecture-recitation examination scores provides 

some interesting implications. The lack of correlation of these two 

variables implies that students' participation in learning activities 

that promote discovery learning neither improved nor decreased their 

examination scores. This is consistent with the studtes reported in 

Chapter 2 in which students participating in discovery learning 

activities were compared to students that were taught by the expository 

method. No significant differences in achievement were detected. 

A factor that may have affec'ted this lack of relationship is 

the students' infrequent participation in discovery learning activi

ties in non-laboratory portions of hIgh school chemistry. This supports 

the suggestion of some writers that much of the supposed reforms of 

the sixties in science education were never implemented in the class

room. 

Question 3: What is the relationship between participation in 

discovery learning activities tn secondary chemistry 

and laboratory performance in college freshman 

chemi's try? 
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This study indicated a significant relationship between partic

ipation in discovery learning activities in high school chemistry as 

measured by the discovery index scores, and college chemistry labora

tory scores. 

The relationship, as indicated by the partial correlation, 

was a positive correlation of .20 between the discovery i'ndex scores 

and the laboratory scores. Not only is this correlation statistically 

significant but it is practically significant, when one considers that 

only a smal I portion of students' high school backgrounds is repre

sented by their high school chemistry class. 

Another factor to be considered is that, with the use of the 

attribute variables of this study, laboratory scores are less pre

dictable than lecture-recitation test scores. The multiple correIa"" 

tion coefficient obtained for college chemistry laboratory scores was 

.56, compared with a multiple coefficient for test scores of .71. The 

attribute variables, indicative of academic preparation and achieve-,' 

ment, do not predict laboratory scores as well as they predict test 

scores. It is interesting to note that the kinds of learning activi

ties in which students participated in their high school chemistry are 

independent of ability and background and are related to college 

laboratory scores. 

The difference in correlation of discovery index scores with 

college examination scores and college laboratory scores may also 

indicate that there is a difference in knowing "aboutll chemistry and 

knowing IIhow to doll chemistry. If one accepts the proposition that 



high school chemistry needs to prepare students in both areas, then 

it would seem that learning activities that promote discovery learn

ing have a role in the high school chemistry classroom, as do the 

other types of learning activities. 

Question 4. What is the relationship between participation 

in discovery learning activities and the students' 

use of learning resources of college freshman 

chemi s t ry7 
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The lack of suitable covariates among the attribute variables 

for inclusion in a multiple regression equation suggested the use of 

a Pearson correlation for the test of relationshfp. A Pearson corre

lation of .15 was obtained which was not significant at the .05 level. 

This implies that the high school students' participation in activities 

that promote discovery learning has ho relationship to the students' 

subsequent use of learning resources in college chemistry. 

Recommendations 

After completing this study it appears that several recommen

dations are appropriate. 

1. The correlation of the discovery index scores with the 

college laboratory scores suggests that activities that 

promote discovery learning have a role in preparing high 

school students for college laboratory exercises. The lack 

of correlation of discovery index scores with college chemis

try examination scores imply that using class time in high 
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school classrooms for these types of activities do not 

significantly effect students' achievement in the lecture

recitation part of freshman chemistry. Since evidence from 

this study indicates that activities that do not promote 

discovery learning are more prevalent in Arizona chemistry 

classrooms, it is recommended that Arizona high school 

chemistry teachers seek ways to incorporate learning activi

ties that promote discovery learning into their classrooms. 

2. The Learning Activities Questionnaire is useful for obtain

ing a broad overview of high school chemistry instruction. 

It is recommended that it be used to detect changes in high 

school chemistry instruction as time progresses. 

3. It is recommended that a means of determining specific labora

tory skills be devised and ~sed to determine the relationship 

of these skills to high school academic preparation as well 

as learning activities in high school chemistry classroom. 



APPENDIX A 

LEARNING ACTIVITIES QUESTIONNAIRE 
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Learning Activities Survey 
Chemistry l03a - Sections 1,2,5,6 

This questionnaire is a part of a study of learning experiences in 
high school chemistry. Your participation is voluntary and is in 
no way connected to your evaluation in this course. 

Data will be gathered and reported in such a manner as to insure 
anonymity. 

, 
Please complete the following questionnaire if you have taken a 
high school chemistry course and have not completed a college 
chemistry course. 

Signing your signature and the completion of this questionnaire 
indicates voluntary participation in this study. 

Signature 

Year in College: _____ Freshman _______ Sophomore_Other 
,-;ras your chemistry class at an Arizona: high school?_Yes ____ NO 
If yes, name of high school ___________________________________________________________ __ 

Number of semesters of high school chemistry. 
1 semester _2(1 year) _______ 3 _______ 4 _______ more than 4 

School year you studied high school chemistry. 
Before 1978-79__ 1978-79__ 1979-80__ 1980-81 __ 
Years of scie:1ce studied in 9th thru 12 grade, including chemistry. 
_______ None 1 2 3 4 _more than 4 ------- ------- ------- -------
~;urnber of ~of mathematics in high school. 
_____ None 1 2 3 4 _more than 4 ------- ------- - -------
The following statements refer to your learning experiences in high 
school chemistry. Please mark the one quantifier that best 
describes your participation. 
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How often did ••••.••• 

1. your teacher ask questions that required the recall of factual 
information? 
three or more times per week_____ one or two times per week _____ 
every other week ------ 2 or 3 times per semester_____ never _____ 

2. your teacher assign specific laboratory activities from a lab
oratory manual? 
three or more times per week_____ one or two times per week ____ _ 
every other week_____ 2 or 3 times per semester_____ never _____ 

3. your teacher assign specific questions at the end of a laboratory 
activity? 
three or more times per week_____ one or two times per week _____ 
every other week_____ 2 or 3 times per semester_____ never _____ 

4. your teacher assign problems and questions from the textbook? 
three or more times per week_____ one or two times per week _____ 
every other week_____ 2 or 3 times per semester_____ never ____ _ 

5. you work from a workbook or handout in which you filled in the 
blanks? 
three or more times per week_____ one or two times per week _____ 
every other week_____ 2 or 3 times per semester~ never _____ 

6. you use programed materials? (Materials that use the answer to the 
last question to direct you to eithe~ new information or another 
explanation of previous concepts). 
three "or more times per week _____ one or two times per week _____ 
every other week_____ 2 or 3 times per semester_____ never ____ _ 

7. you listen and take notes from the teachers lecture? 
three or more times per week_____ one or two times per week ____ _ 
every other week_____ 2 or 3 times per semester_____ never _____ 
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How often did •••••••• 

B. you work on the same assignment as all other students? 
three or more times per week_____ one or two times per week _____ 
every other week_____ 2 or 3 times per semester_____ never ____ _ 

9. you read and study the textbook in preparation for an exam? 
three or more times per week_____ one or two times per week _____ 
every other week_____ 2 or 3 times per semester_____ never _____ 
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10. your teacher ask you to memorize symbols, equations, or other gen
eral law? 
three or more times per week_____ one or two times per week ____ _ 
every other week_____ 2 or 3 times per semester_____ never ____ _ 

11. your teacher assign work from textbook to submit for credit? 
three or more times per week_____ one or two times per week ____ _ 
every other week_____ 2 or 3 times per semester_____ never _____ 

12. your teacher work sample problems for the entire class? 
three or more times per week_____ one or two times per week _____ 
every other week_____ 2 or 3 times per semester_____ never _____ 

13. you use your textbook or dictionary to write the definitions of 
words as a part of an assignment? 
three or more times per week_____ one or two times per week ____ _ 
every other week_____ 2 or 3 times per semester_____ never ____ _ 

14. you receive textbook reading assignments? 
three or more times per week_____ one or two times per week _____ 
every other week_____ 2 or 3 times per semester_____ never ____ _ 

15. your teacher explain the laboratory procedure before a lab? 
three or more times per week_____ one or two ~imes per week _____ 
every other week_____ 2 or 3 times per semester never ____ _ 



page 4 
How often did •••••.•• 

16. you plan and conduct your own laboratory -investigation? 
three or more times per week_____ one or two times per week 
every other week_____ 2 or 3 times per semester_____ never _____ 

17. you write a laboratory report that analyzed the lab work in your 
own words? 
three or more times per week_____ one or two times per week _____ 
every other week_____ 2 or 3 times per semester_____ never _____ 

18. your analysis of laboratory data require you to construct your 
own charts, graphs, or diagrams? 
three or more times per week_____ one or two times per week ____ _ 
every other week_____ 2 or 3 times per semester ____ _ never ____ _ 

19. you work in the lab doing experiments? 
three or more times per week_____ one or two times per week _____ 
every other week_____ 2 or 3 times per semester_____ never _____ 

20. you plan an investigation to find 'an answer to a problem? 
three or more times per week_____ one or two times per week _____ 
every other week_____ 2 or 3 times per semester_____ never _____ 

21. you watch films that presented phenomena which you were asked to 
observe and analyze? 
three or more times per week one or two times per week _____ 
every other week_____ 2 or 3 times per semester_____ never ____ _ 

22. you ~se written materials other than a textbook, workbook, or a 
laboratory manual? 
three or more times per week_____ one or two times per week _____ 
every other week_____ 2 or 3 times per semester_____ never _____ 

23. you discuss and study material not in the textbook? 
three or more times per week_____ one or two times per week ____ _ 
every other week_____ 2 or 3 times per semester_____ never ____ _ 
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How often did •••••••• 

24. you work on .projects with other classmates, other than assigned 
lab partners? 
three or more times per week_____ one or two times per week _____ 
every other week_____ 2 or 3 times per semester_____ never _____ 

25. you read and write reports or discuss magazine articles on some 
topic in chemistry with the teacher and/or other students? 
three or more times per week_____ one or two times per week _____ 
every other week_____ 2 or 3 times per semester_____ never ____ _ 

26. you work independently on a project you selected? 
three or more times per week_____ one or two times per week 
every other we~k_____ 2 or 3 times per semester_____ never _____ 
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27. you organize data and develop statments generalizing the relationships 
of the data? 
three or more times per week_____ one or two times per week _____ 
every other week ____ ._ 2 or 3. times per semester_____ never _____ 

28. you use sources outside the school to aid in solving a problem in 
chemistry? 
three or more times per week_____ one or two times per week ____ _ 
every other week_____ 2 or 3 times per semester never ____ _ 

29. you have the opportunity to use the high school laboratory 
facilities to do an experiment of your own design? 
three or. more times per week_____ one or two times per week _____ 
every other week_____ 2 or 3 times per semester_____ never ____ _ 

30. you plan the order in which you would study a topic? 
three or more times per week_____ one or two times per week _____ 
every other week_____ 2 or 3 times per semeste+_____ never _____ 



page 6 

The next statements ask for your general assessment of your high 
school chemistry course(s). 

31. How did the methods of instruction in high schoo~ chemistry compare 
with other high school science classes? 
Entirely different .......... _ Somewhat different .......... _ Somewhat similar~ 

Very similar .......... _ 

32. How would you characterize your experience in high school chemistry? 

Very distasteful .......... _ One of the less interesting science classes .......... _ 
Average science class Above average science class..........-

Outstanding science class..........-
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Learning Resource Questionnaire 

Chemistry 103a Sections 1.2.5 & 6 
Name ______________________ _ 

This questionnaire is to determine your use of learning resources 

outside the lecture-recitation and laboratory portion of Chemistry 103a. 
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Your participation is voluntary and is in no way connected to your evaluation 

in this course. 

Data gained from this questionnarie will be reported in such a manner 

as to insure anonymity. 

Below is a list of resources available to you outside of the regular 

classroom and laboratory portion of this course. Please indicate the extent 

of your use of these learning resources by checking the most appropriate 

blank. 

How often do you use: 

1. Study.groups formed with one or more students from Chem.103a. 

______ one or more times per week ______ before each exam 

______ occasionally but not on regular basis ______ never 

2. Printed materials other than'text or laboratory manual 

(includes workbooks, other textbooks, study outlines, 

previous students notes, examples of old test, etc.) 

______ one or more times per week ______ before each exam 

______ occasionally but not on regular basis ______ never 

3. Tutorial sessions that Associated Students provide free at 

the University of Arizona. 

______ one or more times per week ______ before each exam 

______ occasionally but not on regular basis never 

4. Tutorial sessions that you arrange for yourself. 

______ one or more times per week _____ before each exam 

______ occasionally but not on regular basis ______ never 



How often did you use: 

5. Individual help from lecture instructor, outside of classroom 

time. 

_____ one or more times per week ______ before each exam 

_____ occasionally but not on regular basis 

6. Individual help from laboratory instructor, outside of classroom 

time. 

one or more times per week _____ before each exam 

______ occasionally but not on regular basis ______ never 

7. Study skills class provided by the chemistry department. 

______ one or more times per week ______ before each exam 

______ occasionally but not on regular basis ______ never 

8. Lecture instructors' Wednesday night review session. 

______ one or more times per week ______ before each exam 

______ occasionally but not on regular basis ______ never 

9. Computer aided instruction from PLATO in science library. 

______ one or more times per week _____ before each exam 

______ occasionally but not on regul~r basis 

10. Other sources. please specify 

______ never 

______ one or more times per week ______ before each exam 

______ occasionally but not on regular basis ______ never 
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Name: 

High School: 

1. What is your college major? 

2. In what year of high school did you study chemistry? 

3. What type of learning atmosphere was present in your high school 

chemistry class? 

4. \~hat were your high school laboratory experi"ments like? 

5. How did you report laboratory data? 

6. Which of these topics do you remember dOing? 

empirical formulas, percent composttfon, pH, balancing equatfons, 

stoiciometric relationships, heats of formation, kinetics, acid 

base equilibria, or normality 

7. What kind of problems did you do from the text book? 

8. Did you solve problems that requ,ired application of concepts, but 

not necessarily math? 

9. If we were to divide college chemi"stry in to three areas; lecture

test, problem solving and laboratory, whi"ch is most di'fficult for 

you? 

10. If you were to recommend changes to your high school teacher, what 

would they be? 
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