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ABSTRACT

Titlle of Dissertation: The Effect of Intensive Instruction in
Hypothesis Generation Upon the Quantity
and Quality of Hypotheses and the Quantity
and Diversity of Information Search Questions
Contributed by Ninth Grade Students

Chris Aemil Pouler, Doctor of Philosophy, 1976

Dissertation directed by: Emmett L. Wright, Ph.D.
Assistant Professor
Secondary Education

The purpose of this investigation was to:

a. compare the effects of various hypothesis generation
intensive instruction procedures on the ability of
ninth grade students to generate written hypotheses and
information search questions about a discrepant event, and

b. determine if students, who have received hypothesis generation
intensive instruction in a setting free of peer interactions,
exhibit a greater diversity of questions during a group
discussion and greater written hypothesis generation
behaviors after the discussion.

The subjects--selected from all the ninth grade intact science
classes of a suburban junior high school--were assigned to either a
control group or one of four intensive instruction groups. The
procedures for each instructional group included:

a. watching the intensive instruction discrepant event until six
acceptable hypotheses were written, and

b, individual discussions during which the investigator evaluated
each of the six hypotheses by one of the following predetermined
standards:

1. differentiated reinforcement and criteria group-—-depending
on the level of acceptability for each hypothesis, the
student was both positively reinforced (good, very good,
excellent) and told the criteria for good hypothesis formationm,
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2. undifferentiated reinforcement and criterla group-—after
each acceptable hypothesis, the student was only told the
criteria for good hypothesis formation,

3. differentiated reinforcement only group-=depending on the

level of acceptability for each hypothesis, the student was
positively reinforced (good, very good, excellent), and

six hypathesas Cgf any quality) Each of which was agcepteﬂ
without positive reinforcement.

During the inténsive instruction sessions, the subjects were
shown discrepant events selected from the set of Inquiry Development
Program Films. Upon coupletion of the instructional sessioms, all
the experimental groups were shown another discrepant event and were
requested to write as many hypotheses as possible. Then an additional
film was shown and the participants were requested to write as many
questions as possible which solicited information to help explain the
discrepancy. Five days later each experimental group participated in a
discussion where they observed another discrepant event film and, then
had the opportunity to voluntarily ask questions of thebinvastigacar about
the discrepant event. All questions were only answered with yes or no.
After twenty questions, the discussion was terminated and the students
were requested to individually write hypotheses that might explain the
discrepancy . |

The seven dependent variables determined by this study were:

a. both the quantity and quality of written hypcthesés
following intensive instruction,

b. both the quantity and diversity of written information
search questions following intensive instruction,

¢. the diversity of information search questions during
the group discussion, and
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both the quantity and quality of written hypotheses
after th. group discussion.

The conclusions included the following:

Differentiated reinforcement--as an intensive instruction
method~—-is respo nsﬁble for a higher quantity of written
hypotheses after intensive instruction than the instruction
aethod which invelves no intensive instruction.

Participants who received inteasive instruction which
emphasized either differentiated reinforcement, criteria
or both generated a higher quality of written hypotheses,

follewing intensive instruction, than participants who
received undifferentiated reinforcement or no intensive
instruction.

do farn of aypothesis éenEratlnn intensive instruction
improves the participants' ability to generate a greater
quantity o= diversity of written information search questions

following intensive instruction.
g

Differentiated reinforcement only-—as an intensive instruction
condition-=-is responsible for a greater quantity of vwritten

hypotheses than no intensive instruction following the
group discussion.

Criteria as an intensive instruction method is responsible
for a higher quality of written hypotheses, after the

group discussion, than the instruction method of
undifferentiated reinforcement or no intensive instruction.

And, in the presence of the group discussion, diversity
of oral information search questions is not significantly
improved by hypothesis generation intensive instructiom.
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CHAPTER 1
AN INTRODUCTION
I am myself a great lover of these processes on division
and generalization; they help me to speak and to think.
Socrates, 470=399, B.C.
From Dialogue to Phaedrus

Both knowledge and application of problem solving skills became
important objectives of science education for the development and,
subsequent, iﬁﬁrgdﬁcticn of inquiry currdcula during the late fifties
and early sixties. The impact of these curricula was so great that
massive science curricular reform resulted by modifying instruction in
such a way that students were encouraged to acquire an understanding of
the attitudes and processes of scientific inquiry (Gagnig 1963, p. 152).
Consequently, the science classroom has become the center for activities
which encourage students to learn the principles of the various academic
disciplines while simultaneously acquiring and applying problem solving
skills. As the popularity and widespread use of the inquiry approach
increased, so did tke number and diversity of curricula available for
both elementary and secondary instruction. In fact, the trend has
been especially apparent at the junior high level which has experienced
an increasiug emphasis on discovery type (inquiry) activities (Trowbirdge,
1974, p. 13). The future directiom Jox inquiry curricula is reflected
by recent curricula developments which include:

123‘ e
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a. the adaptation of the original physics inquiry progranm (PSSC)
into an individualized format (Friedman, 1976, p. 15), and

b. the development of new inquiry curricula emphasizing individuali-
zation which permits content selection to be influenced by
student interest, local relevance, and existing facilities
(Burkman, 1974, p. 30).

Since activities which require problem solving skills comprise an
important aspect of contemporary and future science instruction, it
appears worthvhile to investizate methods which may improve the
acquisition and utilization of the basic inquiry skills.

Inquiry instruction encourages students to discover facts of
causality through their own initiative and not to be dependent on
explanations from teachers or other knowledgeable persons (Fugliese,
1973, p. 26). Essential among the basic inquiry skills is the ability
to isolate variables leading to the generation of relevant hypotheses.
In an attempt to improve the ability to generate hypotheses through
questioning, Suchman (1961, p. 159) devised a gschema which identified
the stages that students must follow in order to adeguately explain an
inconsistent scientific event. These stages inelude:

a. episode analysis--where the facts of the zvent are verified,

b. determination or relevance--where the necessary conditions
of relevance of variables are isolated, and

c. dinduction of relational constructs=-which allows the formation
of explanations ahout the event.

From the schema, Suchman (1960, 1961, 1962b) dévelgped an entire
inquiry training program which was based upon inconsistent Corx distrepantjlr
events of physics causality. During each inquiry session, students observed -
a film and then volunteered individual questions, as part of a group |

discussion effort, to isolate the variables of the event and explain the

19




causality. A scale, based on the schema, was then utilized by Suchman
to classify the questions into categories. Suchman (1962b) discovered
upon completion of the training program, the participants attained a
greater acquisition of questioning skills than students not participating.
Suchman's work illustrated that students can through classroom training
improve their abil.ty to gather data by asking questions about the
variables inherent within a problem.

More recent research, which considered various extensions of
Suchman's work, has indicated that students can be instructed to
improve their ability to generate hypotheses. Quinn (1971, 1972),
working with students from intact sixth grade classrooms, found a greater
quality of written hypotheses from those subjects who received classtéém
instruction describing the components of a good hypothesis. The instruction B
consisted of a series of class discussions emphasizing analysis of
observations (made from a Suchman Inquiry Development P?ggram Filmi in
terms of relevant variables and degrees of acceptable hypothcses as |
determined by a quality scale (see Table 5, p. 72).

Working with students individually in a setting removed from the

classroom, Wright (1974) found that ninth grade students improved their

verbal hypothesizing ability when exposed to either of two forms of

instruction. The instruction consisted of observing. a Suchman film and’ i
then, depending on the treatment group, the student was'rEquiréd‘to‘Eééafiﬁl

seventy-five details or generate five hypotheses which ;ﬁfrespgndEdfﬁd,af_

‘predetermined level of aggéptnbility- When a SEuden§ subﬂitEed aﬁ acceptable

hypothesis, he or she was réinfcr;ed,by,an“appfévingﬂtéfﬁfgﬁcﬁ"ééfgéégé

It is important to note that the reinforcement was diifgregt;gﬁe&*inffh




sense that each approval comment was intended to promote only one

kind of response-~the formation of an acceptable hypothesis. No

attempt was made to offer (a) undifferentiated reinforcement which

would merely encourage the formation of hypotheses and (b) differentiated
reinforcement (e.g. good, very good, excellent) which would encourage

the formation of a predetermined level of acceptable hypotheses. In this
sense, undifferentiated and differentiated reinforcement could be utilized
to develop varicus types of student responses.

In summary, Wright's work reinforced each student response and
differed from Quinn's work in four ways:

1. the instruction was individualized so each student werked
with the investigator and controlled the amount of time that
was necessary and the number of times the film was observed,

2. the criteria were not given for an acceptable hypothesis,

3. the effect of two forms of instruction (observing details and
hypothesis generation) upon hypothesis generation skills
were compared, and

4. the intensive imstruction model, which was employed, included
a predetermined minimum of hypotheses or observations that
had to be attained by each student.

Suchman's original research, together with the work of Quinn and

Wright, raises three questions which are worthy of further research:

1. What is the difference between intensive instruction in
hypothesis formation when only the criteria are given to the
student and intensiv: instruction in hypothesis formation
when only differentiated reinforcement or both criteria and
differentiated reinforcement are given?

2. What effect will previous hypothesis generation intensive
{nstruction have on a group discussion about a specific

discrepant event?

3. And, what effect will the group discussion have on the members
of the instructed groups to subsequently generate hypotheses? -
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The first question is an attempt to define suitable means to improve
hypothesis generating abilities in classroom settings. Further, the
answer can offer a viable addition to already existing science imstruction.
The seccend and third questions are important since it is advantageous to
couple specific instruction with group interactions because!

a. discussions are important as a learning approach in
secondary schools, and

b. most problems of communities and society are solved in a
social setting and it appears worthwhile to offer students
the opportunity to practice group problem solving behavior.
Alsa,‘graup discussion may enhance previous hypothesis generation intensive
instruction and, therefore, serve as an additional teaching strategy.
Research that attempts to answer these questions would of fer useful strategies
for the teaching of science.
The purpose of this study was to compare various forms of intensive
instruction in hypothesis generation and, then, determine if students
who have received instruction to improve their ability to formulate
hypotheses, in a setting free of peer interactions, were able to exhibit
an improved ability to ask a greater diversity of questions about a
discrepant event during a group discussion and, then, write more hypetheses
of a higher quality to explain the event.
Need for the Study

The original innovators of the science inquiry curricula based their

work upon the premise that an understanding of the fundamental principles "_ff

was sufflcient to allow extrapolation of the neceséary.sge:ifics'(Erﬁﬁé;,
1971, p. 18). Consequently, the instructional strategy of the resulting

curricula emphasized an independent, systematic, empirical, and inductive -

approach to science (Pugliese, 1973, p. 26). Therefore, it appears lggigal
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to assume that students developed the cognitive skills of problem
solving at the expense of developing the ability to express and share
the skills they acquired. Along these lines, Babikian (1971), in a
comparison of expository, laboratory and discovery methods of instruction,
found that students taught by inquiry were significantly less effective
in the verbalization of scientific concepts. Thus, an important concern
for curriculum designers of the future will be to incorporate group
discussion activities which utilize arquired inquiry skills. This research
study was an attempt to provide evidence from which to design relevant
activities in future curricula,
Although Suchman (1961), Quinn (1971), and Wright (1974)
illustrated that discussion is a feasible instruction method to
approach. While Suchman and Quinn employed group techniques, Wright
worked with each student individuaily, Since a majar_éirectign of
sclence curriculum is presently individualization, there is need for
research data which result from:
a. a comparison of different methods of intensive instruction
for improving process skills which allow students to
work individually, and

b. an assessment of the effect of the intensive instruction B
on group discussion behavior., i

In this way, the obtained findings could serve as a means to help

students improve their ability to interact while utilizing previously
learned skills. Along these 11335; Glasser.(lééQ,.ﬁ;'Béj;léé a result
of success with discussgion groups in elementary schools, has recommended
the teaching of critical thinking th?cugh group diséuséiaﬁs fréﬁ”élemgﬁt§i§

to high school. Specifically dealing with science instruction,
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Jerrigan (1972) illustrated that specific questions from readings
could be employed to create worthwhile discussion when the class members
attempted, as a gruup, to obtain an answer. Thersfore, a practical
need exists for research that provides evidence that problem solving
skills can be taught efficiently through individualization and, later
utilized by students during a group discussion.

Another important area of support for this study involves the
level of mental development of junior high students. Since the
inquiry approach emphasized the acquisition of problem solving skills,
it seems only logical that students must possess an appropriate mental
development to adequately acquire and apply problem solving skills.
Previous works with elementary and junior high students have dealt
with discrepant events which were clearly depicted on film, by deliberate
actions of an experimenter and close up photography, so students could
clearly recognize the problem and several variables (Su;hmau, 1961, pp. 150
-51). By relating the variables, the students were required to perform
mental operations which led to the development and utilization of hypot.etico-
deductive reasoning as defined by Jean Piaget's level of formal operations
(for further discussion see pp. 26-30). Thus, it is important to emphasize
that findings from hypothesis generation studies eguid prove to provide
the means to aid in the mental development of the student by either:

a. sharpening inquiry skills which may already be present, or

b. enhanecing the development af~ba§ic.inquity¥§§;lls not yet present;‘
This conclusion is crucial since two recent studies-—(a) Sayre and Ball
(1975) and (b) Lawson and Renner Cl??S)saHave found that while some secondary

gstudents have achieved the level of formal mental operations,
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many students do not think on this level. Therefore, investigation into
techniques that a classroom teacher could use to promote the development
of formal reasoning is certainly worthwhile, In fact, the researchers
mentioned above--(a) Sayre and Ball and (b) Lawson and Renner—-=strongly
recommended that elementary and junior high curricula be designed to

present perceivable problem solving experiences which will help students

to develop the processes of formal operations. When the preceeding
recommendation is coupled with the findings from previous investigations

by Suchman, Quinn and Wright, the ﬂ@ntenticﬁ that basic inquiry skills can
be taught and that research is necessary to determine the optimal method
of instruction becomes apparent.

In summary, Suchman (1962b) developed an effective method to
help participants better assimilate data and generate hypotheses
about a discrepant event. Further, Quinn (1971) and Wright (1974)
devoted their efforts to the analysis of hypothesis training. Their
findings have indicated: |

a. instruction in hypothesis generation yields a higher number
of hypotheses about.a discrepant event,

b. instruction in hypothesis generation is effective in both
intact classroom and individualized situations, and

c. there exist more than one effective method for hypothesis
generation instruction.

Unfortunately, none of the previous studies have included:
(a) comparisons of different forms of individualized intensive instruction,
(b) assessments of the value of prior individualized intensive instruction
on group discussion behavior, or (¢) assessments of both previous B
individualized intensive instruction and group discussion on hypothesis

generation. In essence, this study attempted to bridge the gap between

1
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research findings and classroon Eeasibility by further defining the methods

to promote problem solving capabilities.

The Research Problen
One of the key elements in the process of scientific inquiry
is the generation of hypotheses that offer possible explanations for
the é;currengé of a discrepant event, Basically, this mental cperation

involves: (a)'axpﬁsure to a problem, (b) isolation of the relevant

variables,and (c) generation of hypotheges.

This study was designed to:

a. compare the effect of different forms of hypothesis generation
intensive instruction om the ability of students to generate
hypotheses and ask questions about a discrepant event, and

b. determine if students, who have received hypothesis generation
intensive instruction In a setting free of peer interactions,
are able to exhibit a greater diversity of questions during a -
group discussion and, then, a greater ability to generate
hypotheses about a discrepant event,

Hypotheses

Quantity of Written Hypothesis Generatdon
Following Intensive Instruction

1, There is a difference in the quantity of written hypotheses ﬁf
between the following groups which receive a form of inmstruction
and the control group vhich receives no instruction:

a, the differentiated reinforcement and criteria
group versus the control group,

b. the undifferentiated reimforcement and criteria
group versus the control group,

c, the differentiated reinforcement ﬁnly group
versus the control group, and

d. the urfdifferentiated reiﬁfurcement anly graup
vexrsus the cnntral group.
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2. The effects of differentiated reinforcement and criteria are
non-additive on the quantity of written hypotheses.

There is a difference in the quantity of written hypotheses
between the following groups whicl receive differentiated
reinforcement as an instruction condition and the following
groups which receive undifferentiated reinforcement:

L

a. the differentiated reinforcement and criteria group
versus the undifferentiated veinforcement and criteria
gfoup ¥

. the differentiated reinforcement and criteria group
versus the undifferentiated reinforcement only group,

c. the differentiated reinforcement only group versus
the undifferentiated reinforcement and criteria group, and

d. the differentiated reinforcement only group versus
the undifferentiated reinforcement only group-

4. There is a difference in the quantity of written hypotheses
between the following groups which are told the criteria for
good hypothesis formation and the following groups which are
not told the criteria for good hypothesis formation:

a. the differentiated reinforcement and criteria group versus
the differentiated reinforcement only group,

b. the differentiated reinforcement and criteria group versus
the undifferentiated reinforcement only group,

c¢. the undifferentiated reinforcement and criteria group
versus the differentiated reinforcement only group, and

d. the undifferentiated reinforcement and criteria group
versus the undifferentiated reinforcement only group.

Quality of Written Hypothesis Generation
Following Intensive Instruction
5. There is a difference in the quality of written hypotheses
between the following groups which receive a form of
instruction and the control group which receives no instruction:

a. the differentiated reinforcement and criteria
group versus the control group,

b. the undifferentiated reinforcement and criteria
group vargus the control group,
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c. the differentiated reinforcement only group
versus the control group, and

d. the undifferentiated reinforcement only group
versus the control group.

6. The effects of differentiated reinforcement and criteria are
non-additive on the quality of written hypotheses.

7. There is a difference in the quality of written hypotheses
between the following groups which receive differentiated
reinforcement as an instruction condition and the following
groups which receive undifferentiated reinforcement: -

a. the differentiated reinforcement and criteria group
versus the undifferentiated reigférzémant:and criteria
EIroup, ‘

b. the differentiated reinforcement and criteria group
versus the undifferentiated reinforcement only group,

¢. the differentiated reinforcement only group
versus the undifferentiated reinforcement and criteria
group, and

d. the differentiated reinforcement only group versus the
undifferentiated reinforcement only group.

8. There is a difference in the quality of written hypotheses
between the following groups which are told the criteria for
good hypothesis formation and the following groups which are
not told the criteria for good hypothesis formation:

a. the differentiated reinforcement and criteria group versus
the differentiated reinforcement only group,

b. the differentiated reinforcement and criteria group versus
the undifferentiated reinforcement only group,

c¢. the undifferentiated reinforcement and criteria group versus
the differentiated reinforcement only group, and

d. the undifferentiated reinforcement and criteria group versus
the undifferentiated reinforcement only group.
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Quantity of Written Information Search Questions
Following Intensive Instruction

9.

140,

11.

O

ERIC

Aruitoxt provided by Eic:

There is a difference in the quantity of written information
search questions between the fellowing groups which recelve
a form of instruction and the control grouy which receives
no instruction:

a. the differentiated reinforceneut and criteria group
versus the control group, )

b. the undifferentiated reinforcement and criteria group
versus the control group,

c. the differentiated reinforcement only group
versus the control group, and

d. the undifferentiated reinforcement only group
versus the control group.

The effects of differentiated reinforcement and criteria are
nor-additive on the quantity of written information search
ques tions.

There is a difference in the quantity of written information
search questions between the following groups which receive
differentiated reinforcement as an instruction condition and

the following groups which received undifferentiated reinforcement:

a. the differentiated reinforcement and criteria group
versus the undifferentiated reinforcement and criteria
group,

o

the differentiated reinforcement and criteria group
versus the undifferentiated reinforcement only group,

c. the differentiated reinforcement only group versus
the undifferentiated reinforcement and criteria group, and

d. the differentiated reinforcement only group versus
the undifferentiated reinforcement only group.

There is a difference in the quantity of written information
search questions between the following groups which are told
the criteria for good hypothesis formation and the following
groups which are not told the criteria for good hypothesis fornation:

a. the differentiated reinforcenment and criteria group Versus
the differentiated reinforcement only group,

b. the differentiated reinforcement and criteria group versus
the undifferentiated reinforcement only group, s
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c¢. the undifferentiated reinforcement and criteria group
versus the differentiated reinforcement only grouup, and

d. the undifferentiated reinforcement and criteria group
versus the undifferentiated reinforcement only group.

Diversity of Written Information Search Questicns
Following Intensive Instruction

13!

16!

O
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Aruitoxt provided by Eic:

There is a difference in the diversity of written information
search questions between the following groups which receive

a form of instruction and the control group which receives

no instruction:

a. the differentiated reinforcement and criteria group
versgus the control group,

b. the undifferentiated reinforcement and criteria group
versus the control group,

c. the differentiated reinforcement only group
versus the control group, and

d. the undifferentiated reinforcement only group
versus the control group.

The effects of differentiated reinforcement and criteria are non-
additive on the diversity of written information search questions.

There is a difference in the diversity of written information
search questions between the following groups which receive
differentiated reinforcement as an instruction condition and

the following groups which received undifferentiated reinforcement:

a. the differentiated reinforcement and criteria group
versus the undifferentiated reinforcement and criteria group,

b. the differentiated reinforcement and criteria group
versus the undifferentiated reinforcement only group,

c. the differentiated reinforcement only group versus
the undifferertiated reinforcement and criteria group, and

d. the differentiated reinforcement only group versus
the undifferentiated reinforcement only group.

There is a difference in the diversity of written information
search questions between the following groups which are told
the criteria for good hypothesis formation and the following
groups which are not told the criteria for good hypothesis
formation: ‘
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2. the differentiated reinforcement and crlteria group
versus the differentiated reinforcement only group,

b. the differentiated reinforcement and criteria group
versus the undifferentiated reinforcement only group,

~. the undifferentiated reinforcement and critevia group
versus the differentiated reinforcement only group, and

d. the undifferentiated reinforcement and criteria group
versus the undifferentiated reluforcement only group.

Quanti: - of Written Hypothesis
Generation After the Group Discussion

17. There is a difference in the quantity of written hypotheses
between the following groups which receive a form of instruction
and the control group which receives no instruction:

a. the differentiated reinforcement and criteria group
versus the control group,

b. the undifferentiated reinforcement ana criteria group
versus the control group,

c. the differentiated reinforcement only group
versus the control group, and

d. the undifferentiated reinforcement only group
versus the control group.

18. The effects of differentiated reinforcement and criteria are
non-additive on the quantity of written hypotheses.

19. There is a difference in the quantity of written hypotheses
between the following groups which receive differentiated
reinforcement as an instruction condition and the following
groups which receive undifferentiated reinforcement:

a. the differentiated reinforcement and criteria group
versus the undifferentlated reinforcement and criteria

Broup,

b. the differentiated reinforcement and criteria group
versus the undifferentiated reinforcement only group,

c. the differenitated reinforcement aﬂly:graup
versus the undifferentiated reinforcement and criteria
group, and
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d. the differentiated reinforcenent only group versus the
undifferentiated reinforcement only group.

20. There is a difference in the quantity of written hypotheses
between the following groups which are told the ariteria for
good hyprthesis formation and the following groups which are
not told the criteria for good hypothesis formation:

a. the differentiated reinforcement and criteria group
versus the differentiated reinforcement only group,

b. the differentiated reinforcement and criteria group
versus the undifferentiated reinforcement only group,

c. the undifferentiated reinforcement and criteria groun
versus the differentiated reinforcement only group, and

d. the undifferentiated reinforcement and criteria group
versus the undifferentiated reinforcement ounly groun.

Quality of Vritten Hypothesis
Generation After the Group Discussion

21. '"here is a difference in the quality of written hypotheses
betwern the following groups which receive a form of
instruction and the control group which receives no instruction:

a, the differentiated reinforcement and criteria group
versus the control group,

b. the undifferentiated reinforcement and eriteria group
versus the control group,

c. the differentiated reinforcement only group
versus tlie control group, and

d. the undifferentiated reinforcement only group
versus the control group.

72. The effects of differentiated reinforcement and criteria are
non-additive on the quality of written hypotheses.

23. There is a difference in the quality of written hypotheses
between the following groups which receive differentiated
reinforcement as an instruction condition and the following
groups which receive undifferentiated reinforcemenc:

a, the differentiated reinforcement and zviteria group
versus the undifferentiated reinforcement and criteria
group,
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b. the differentiated reinforcement and criteria grecup
versus the undifferentiated rei forcement only group,

c. the differentiated reinforcement only group versus
the undifferentiated reinforcement and criteria group, and

d. the differentiated reinforcement only group versus
the undifierenttiated reinforcement cnly group.

ik
o

There is a diffcrerce in the quality »>f written hypotheses
between the following gircups which are told the criteria for
good hypothesis formation and the following groups which are
not told *he criteria for good hypothesis formation:

a. the differentiated reinforcement and ciricria groug
versus the differentiated reinforcement only group,

b. the differentiated reinforcement and criteria group
versus the undifferentiated reinforcement only group,

c. the undifferentiated reinforcement and criteria group
versus the differentiated reinforcement only group, and

d. the undifferentiated reinforcement and criteria group
versus the undifferentiated reinforcement only group.
Diverscity of Information Search
Questions During the Group Discussion
25. There is a difference in the diversity of questions between

the experimental groups during an information search group
discussion about a discrepant event.

Performance in Hypothesis Generation After

the Group Discussion Using Previous Hypothesis

Generation Experience as a Covariable

26. Using the results of the quantity of written hypotheses
inmediately following instruction as a covariable for the
quantity of written hypotheses after the group discussion,
there is a difference between the following planned comparisons:
a. instruction groups versus the control group,

b. interaction between instruction groups,

c., differentiated reinfcrcement groups versus undifferentiated
reinforcement groups, and

d. criteria groups versus non-criteria groups.
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Using the results of the quality of written hypotheses

immediately following instruction as a covariable for the

quality of written hypotheses after the group discussion,

there ic a difference between the following planned comparisons:
a. instruction groups versus the control gzroup,

b. interaction betwren instructlon groups,

¢, ditferentiated reinforce.ant groups versus undifferentiated
reinforcement groups, and

d. criteria groups versus non-criteria groups.

Definitions of Terms

Major Definitions

1.

Acceptable Hypothesis Generation: When a hypothesis that was
S rCitten and discussed by a participant rated at least a three
on the Hypothesis Quality Scale (see p. 72). Hypotheses in
this category were scientific explanations relating at least
two variables in general or nonspecific terms.

Differentiated Reinforcement: A form of reinforcement which
offers verbal encouragement for each hypothesis contributed

by a participant during intensive instruction which meets a
predetermined level of quality. The specific terms of reinforce-
ment--good, very good and excellent--correspond to hypotheses
which are described by levels three, four, and five of the
Hypothesis Quality Scale (see p. 72) .

Discrepant Event: An occurrence that illustrated a scientific
principle of causality that could have been logically explained

by more than one acceptable hypothesis. In addition, the
discrepant events contained several variables and presented

(within reason) a new experience to the subjects. This study
utilized several Inquiry Development Program Films (Suchman, 1962b)
which met these conditions.

Discrepant Event for Hypothesgis GeneratianﬁfcllgwingfInsgru;;iaﬂz
The discrepant event, ''[he Sailboat and the Fan,' was the source
for the hypotheses which were analyzed for the comparisgons
between experimental groups to assess the effects of the various
methods of instruction. The instructions to the participants
for this activity were audiotaped and the script appears on pages
68-69.

34




18

5. ggggragagE,EventrfptfInfar@atignASea;chﬁggestiqnsﬂEallawin%
Instruction: The discrepant event, "The Ice Cubes," was the
source for the questions which were analyzed in the comparisons
between the various experimental groups to assess the impact
of intensive instruction. The instructions to the participants
were audiotaped and tne script appears on pages 68-69.

6. Diversity of Information Search Questions: After all the questions
for each participant had been placed into the appropriate category
(see diversity of information gearch questions classification,
below), a diversity value utilizing the Shannon Index (see p. 74)
was determined. All the individual diversity values for all the
participants in each experimental group, were averaged and, then,
used in the statistical analyses.

7. Diversity of Informatiom Search Question Classification: The
extent to which generated questions for each individual corresponded
to one of sixteen predetermined categories. To determine the
appropriate category for a question, it was first placed into
one of the follcwing major groupings on the basis of intent:

verification: 1if the question sought to identify one
aspect abou’. the total event or sequence about the
discrepant event,

\m\

b. experimentation: if the question sought to ascertain
the consequences of some hypothetical change {would the
same have happened if) in the experiment presented
by the discrepant event,

c. necessity: if the question sought to determine whether
a specific aspect of the phenomenon was necessatry for the
outcome (cause and effect), and

d. synthesis: if the question sought to determine if a
particular idea of theory about causation was valid and

explained the experiment totally or in part.

Then each question was classified by one of the following
sub-groupings: ' '

a. events: referred to the ocecurrence of events,

b. objects: referred to the nature of objects,

c. conditions: referred to the states of objects, and
d. properties: referred to the properties.

By following the above description, each question fell into one
of sixteen categories; for a further description see pages 72-74,
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10.

1l.

12.

13.

14.

15.

Diversity of Information Search Scale: A means to classify
questions contributed by participants during an information
search discussion. The scale is presented on page 73.

Experimental Group E
subjects were only e

 (Control Group): The control group where
exposcd to the introductory discrepant event.
Group Discussion: This activity was intended to assess the

impact of the various methods of hypothesis generation intensive
instruction on the participants of each experimental group to

ask a diversity of questions about the group discussion

discrepa™t event. Basically, during the discussion, the students
watch the discrepant event and, then volunteered questions which

had to be specific enough for a yes or no response. As a question
was asked, it was repeated by the investigator, written and projected
o an overhead transparency, and, finally, answered. Since the
largest group was thirteen students, each student had the opportunity
to contribute one question. The group discussion was terminated
after twenty questions.

Group Discussion Discrepant Event: The discrepant event, "Drinking
Bolling Coffee,” was used as the problrm for the group discussion
and subsequent hypothesis generation session. The inst-uctions
were audiotaped and the script appears on pages 70-7l.

Hypothesis: A logical, reasonable, and testable explanation
for the occurrence of a discrepant event.

Hyp@thesisfggnerati@n: A behavior that involves writing
multiple hypotheses which attempt to explain a discrepant event.

Hypothesis Generation Intensive Instruction: An instruction

session, of one class period (fifty minutes), given to a

small group of students (six to twelve) where each individual

worked alone. Specifically, the students performed the following:
(a) listened to an explanation of hypotheses and obgerved an
introductory discrepant event (see pp. 64~66), (b) wrote between

one and six hypotheses about an intensive instruction discrepant
event, (c¢) discussed each hypothesis with the investigator, and

(d) completed the session when the investigator accepted six
hypotheses., Variations in instruction occurred when the participants
of each instruction group (see p. 20) talked with the investigator.
To insure individual participation, all instructions were audiotaped
and transmitted to each student via headphones. Also, the discussion
with the experimenter took place in a discussion area (isclated)

so ideas vere not overheard.

Information Search Following Intensive Instruction: An activity

where each individual of each experimental group wrote as many
questions as possible in an effort to isolate and define the
relevant variables presented by the discrepant event for
information search questions following intensive instruction.
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Intensive Instruction Group: Refers to one of the four groups

of participants which received a form of hypothesis generation
intensive instruction.

Intensive Instruction: Term used to refer to hypothesis generation
{ntensive instruction. Specifically, students had to write

and discuss six hypotheses with the investigator and, depending

on the intensive instruction group, the hypotheses had to

meet predetermined standards.

Intensive Instruction Discrepant Event: This discrepant event,
"The Knife," provided the problem to the various intensive
instruction groups during intensive instruction sessions.
Instructions to the groups were audiotaped and are included on
pages 64-66,

Intensive Instruction Group A (Differentiated Reinforcement and

Cflteria) Intensive instructlon group where each subject wrote
six acceptable hypotheses which attempted to explain the intensive
instruction discrepant event, At any time a participant could
request to come to the discussion area and present one or more
hypotheses to the investigator. During the discussion, each
acceptable hypothesis (which met a predetermined standard) was
accepted and the subject was: (a) positively reinforced (e.g. good)
and (b) told the criteria for acceptable hypothesis generation.

Intensive Instruction Group B (Undifferentiated Reinforcement and

Criger;a) Intensive ingtruction group where each subject wrote
gix acceptable hypotheses which attempted to explain the intensive
instruction discrepant event. At any time a participant could
request to come to the discussion area and present one or more
hypotheses to the investigator. During the discussion, each
acceptable hypothesis (which met a predetermined standard) was
accepted and the subject was told the criteria for acceptable

hypothesis generation.

Intensive Instruction Group C (Differentiated Reinforcement Only):

Intensive instruction group where each subject wrote six acceptable
hypotheses which attempted to explain the intensive instruction
discrepant event. At any time a participant could request to come
to the discussion area and present one or more hypotheses to the
investigator. During the discussion, each acceptable hypothesis
(which met a predetermined standard) was accepted and the subject
was positively reinforced (e.g. good).

Intensive Instruction Group D (yndifferéntiated Reinforcement Dnly)"
Intensive instruction group where each subject wrote six
hvpotheses which attempted to explain the intensive instruction
digscrepant event. At any time a participant could request to
come to the discussion area and present one or more hypotheses
to the investigator. During the discussion all hypotheses were
accepted and the subject was: (a) not positively reinforced and - .
(b) not told the criteria for acceptable hypcthesis géngratian.
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23. Introductory Discrepant Event: This discrepant event, "The
Restaurant," served as the means to illustrate the concept
of hypotheses as explanations that attempt to solve a problem
of causality. Students from all the experimental groups were
exposed to the film and instructional audio 'ape. The script
for the audiotape is included on pages 64-66.

24. Quality of Hypothesis Generation: The average value of
the numerical quality of hypotheses for each individual in
each group. To obtain the value, each hypothesis of an
individual was placed into the appropriate category of the
previously validated Quinn Hypothesis Quality Scale (see p. 72).
The values were then averaged for each individual and, then,
for each experimental group.

25. Quantity of Hypothesis Generation: The number of non-repeated
hypotheses generated by subjects as determined by count.

26. Undifferentiated Reinforcement: A form of reinforcement which
only accepts a hypothesis contributed by a participant during
intensive instruction without any form of verbal encouragement.
(For example, part were told "I can accept this hypothesis.').

Minor Definitions

1. Basic Inquiry Skills: The ability to isolate the variables
that account for a problem of causality and, then, to generate
an explanation for the problem which accounts for the variables.

2. Experimental Group: Refers to one of the four hypothesis generation
intensive instruction groups or the control group.

3. Group Discussion Information Search: Term used gsynonymously

ar
with group discussion (see p. 19).

4, Individualized Instructioa: Type of hypothesis generation
intensive instruction where each student interacts individually
with the investigator in a setting removed from peer interactions.

5. Inquiry Approach to Scilence Instruction: Instructional approach
which utlized inquiry curricula and problem solving activities.

6. Inquiry Curricula: Type of science curricula which emphasize
activities that allow students to learn the principles of a
specific discipline while developing and utilizing basic
inquiry skills. Generally, these curricula are associated with
activity oriented classrnams rather than lecture oriented glassraa"

7. Instruction Group: Refers to one of the faur groups of partieipaﬂt
which received a form of hypothesis generation 4intensive instrueti'
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8., Problem Solving Skills: The ability to solve a problem with
basic inquiry skills.

9. Treatment: Term which refers to one of the four hypothesis
generation intensive instruction procedures (see pp. 19-20).

Assumptions

It was assumed that all the subjects could generate hypotheses and
ask questions about the variables inherent within a problem of
causality. The assunption appears reasonable since the average
age of the participants during the study was 14 years and 8 months.

Since all subjects were selected from the same school, it was
assumed that prior sensitivity to hypothesis generation and
information search questioning was either nonexistent or if
present, evenly distributed among the subjects.

It was also assumed that each discrepant event presented an
original problem of causality to all the subjects. While this
may not have been the case, the random distributien of students
in the treatment groups minimized this threat.

Limitations of the Study

Although the study involved most of the ninth grade students in

a single junior high school, participation was voluntary and
dependent upon parental approval. As a result, a portion of the
students did not participate. To compensate, however, there was
random placement of all the participants into experimental groups.

The study was only conducted in a suburban school that was part
of a large school system,

There may have been some interaction of personality factors between
the investigator and some particilpants that either encouraged or
discouraged performance.

Students were not screened for visual or hearing problems.

Only one visual medium (£film) was used to expose subjects to the
discrepant events.

Students were only permitted to write hypotheses and questions for
six of the dependent variables,
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Summary

The development of thinking and speaking skills is an essential
objective for future science curricula. While previous vesearch has
indicated how the development of thinking skills can be improved, little
effort has been devoted to comparing the cffect of various hypothesis
generation intensive instruction methods on the ability to isolate &nd
relate variables in attempts to explain problems of causality. Further,
previous studies in hypothesis formation have not assessed the impact
of prior intensive instruction on group discussion questioning behavior
or hypothesis generation behavior following the group discussion. The
purpnse of this study was to first compare varicus procedures for hypothesis
generation intensive instruction and, then, to azssess the impact of each
insiructional form on the information search behavior during a group
discussion and the hypothesis generating behavior after the discussion
about a discrepant event.

Chapter II provides support for this study based on previous
findings of studies which attempted to improve hypothesis formation
abilities. The review of literature 1s, then, followed by Chapters
III, IV, ard V which discuss in detail the (a) procedures, (b) findings,

and (c) conclusions, implications and recommendations.




CHAFTER 11
A REVIEW OF THE LITERATURE
But such is the irresistible nature of truth,
that all it asks, and all it wants, is the liberty of appearing.

Thomas Paine, 1737-1809

The scientific method, as an "active" state of mental inquiry,
begins with casual observations and continues with qeustions, hypotheses,
and experiments which lead to the establishment of theories, principles,
and laws about causality. Perhaps, the most crucial step in the entire
process is the formation of hypotheses since they provide the testable
base from which to verify ideas. Because an understanding of the
scientific method--as reflected by the scientific advances that affect
society--is an essential part of education, contemporar& science
curricula have been developed that emphasize both the concepts and
processes of science. Thus, students discover the principles of biology,
earth science, chemistry, and physics by utilizing specific process
skillé embedded in the scientific method. This study attempted to

determine additional effective teaching strategies that will promote

the acquisition and development of science process skills. Spegifizally?
the effects of various forms of hypothesis generation intensive instructién;».
on hypothesis generating and information search questioning behaviors of |
ninth grade students were invéstigated.
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The review of the literature reports and analyzes the important
hypothesis generation investigations over the last twenty years. The
major sources consulted for this presentation include:

Current

Curr Index to Journals in Education
CCM

New York, New York
Dissertation Abstracts
University Microfilms, Inc.
Ann Arbor, Michigan

Education Index
The H. W. Wilszon Company
New York, New York

ERIC Research in Education

U. 8. Office of Education
Waghington, D. C.

Encyclopedia of Educational Research
Robert E. Ebel, Editor

American Educational Research Association
New York, New York

Handbook of Research on Teaching

N. L}AGagE, Editor

American Educational Research Association
Rand McNally and Company

Chicago, Illinois 1963

The Second Handbook of Research on Teaching
Robert Travers, Editor -
Rand McNally and Company

Chicago, Illinois 1973.
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The purpose of this review of the literature is to:

a. establish support, direction and a theoretical base for
a study on methods to improve hypothesis generation, and

b. verify this study as original and not a duplication of
previous investigations.
Hypothesis Generation

Student Development and
Hypothesie Generation

The formation of hypotheses which are reasonable, verifiable by
testing, and precise is a primary goal in the development of the problem
solving skills associated with scientific inquiry. As a result, previous
studies in hypothesis formation have been devoted to developing strategies
which would help students determine more efficiently the relationships
between variables. While these major hypothesis generation investigations
(Suchman, 1962b; Quinn, 1971; Wright, 1974) have differed in purpose,
each has presented the participants discrepant events which have been
especially developed and, subsequently, proved éffective; Such caution
has been necessary because a clear understanding of the problem is
essential for the formation of hypotheses which will be of educative
value (Renner and Stafford, 1972, p. 30). Although obvious, it should
be emphasized that students can only participate in.thé process of
isolating variables if a problem is perceived. Logically, there are
two conditions which must be met for a problem to be appropriate for
hypothesis formation studies:

1. the problem must present an original discrepancy in the
mind of the student, and

2. the student must possess the appropriate level of mental
development in order to relate the variables so to form
hypotheses.
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While both of the previous concerns are crucial for optimal results, the
lattér is especially important since it applies ta'cagnitive development.
Since the purpose of all hypothesis formation investigations is to
ultimately enhance cognitive development, it is crueial that:

(a) the selected discrepant event will Ehalleﬁgé students in such a

way that they will build their skills and (b) the experimental measures
account for student improvement regardless of the degree of cggnitivé
development possessed initially. A discussion of ﬁentalvﬁeve;opment

in relation to hypothesis formation is, therefore, worthwhile.

The work of Jean Piaget strongly supports the role of eagﬁitivé—
development and the resulting ability to understand a problem and generate
hypotheses. Basically, Piaget‘é éxplanatian for problem rggagniticn
invelves the concept of adaptation which is further g@mpasad of the
processes of assimilation and accommodation. As an individual is exposed
to various stimuli, assimilation (or the taking in) of ;ﬁé information '
occurs. As the information is assimilated, it is digested and integréted
into the individual's existing cognitive framework. If? however, no |
similar information has been previously iﬂtegratéd,:tha'individual must
accommodate, or adjust, existing behavior and eagni;iﬁg structures. As

a result, accommodation to new situatians means intellectusl'devélopmeht; :

Through activities associated with hypothesis formatian, the student 18
presented a problem which is not part of the already existing gagnitiva

structure so subsequent accommodation by hypnthe g nerati@n iﬂ;teases_nf

mental development. For an individual to first visualize a problem, it is,

necessary to be at a stage of mental develupment where the prﬁblém can‘;

be detected.

e
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There are four stages of development which Piaget feels relate
to cognitive growth: sensory-motor (birth to about 2 years), preoperational
(2 years to 6 years), concrete operational (6 years to 12 years) and
formal operational (12 years to 15 years). As an individual develops
those patterns of mental structure and behavior which are characteristic
of a specific stage, succession to the next higher stage occurs. As
a result, the individual develops into a more complex person by integrating
the processes of the previous stages. The major point is that individuals
must be presented with a problem that is consistent with the developmental
stage for a clear understanding to occur.

An elaboration of hypothesis formation is the ability to think
in a hypothetico-deductive mode. The importance of this skill is that
it manifests itself during the period of formal operations and involves
the ability to use inferential thinking that leads a hypothesis through
all possible logical conclusions (Pulaski, 1971, p. 70). Simply, this
suggests an ability to hypothesize abstractly. |

Thus far the importance for students who have achieved the level
of formal operations has been emphasized for optimal hypothesis formation
behavior. Certainly, this assertion is relevant since students can only
grasp a principle when their cognitive development can deal with the
components regardless of the type of instruction used to explain it (Mallon,
1976, p. 32). However, it does not follow that all secondary students
operate at the level of formal operations. Sayre and Ball (1975) found,
in a comparison of 214 junior high and 205 senior high students, that the
number of students who have reached the level of formal operations increases

with age and is more closely assoclated with scholastic grade. This implies



that there are more formal operational thinkers in senior rather than
junior high and that formal operational thinkers achieve higher

scholastic grades. A sizable number of average students are, therefore,
not formal operational thinkers. Further, Lawson and Renner (1975, p. 355)
found that 85 per cent of a group of 134 high school students had not

yet reached the highest level of formal operations. Both these studies
provide evidence that many students exposed to inquiry ideas may not be
able to benefit. These findings indicate a disparity between the cognitive
ability of the secondary students and the purpose of hypothesis formation
studies. TFortunately, however, the difference is more apparent than real
since previous hypothesis generation instruction studies have been
successful due to the emphasis placed on an explanation about a problem

in a filmed setting where several variables were easily recognizable
(Suchman, 1961; Quinn, 1971; Wright, 1974). Consequently, students were
er.couraged to observe and relate the obvious variables and not necessarily
manipulate variables in their efforts to generate hypcthéses- In this
respect, hypothesis generation studies have sought to determine the
optimal methods by which students could improve already existing

cognitive skills.

In an effort to qualify the hypotheses fafmed-by students, Quinn
(1971) developed a Hypothesis Quality Scale (see p. 72) that rated
hypotheses along the continuum from no explanation (the lowest level) tg
an explicit statement of a test for a hypothesis. Thus, the highésé level
of the scale is analogous to the highest levels of formal operations.
Further, Quinn (1971) and Wright (1974) found that students hypotheses, after
instruction in hypothesis formation, improved in quality. Hypothesis

generation studies, therefore, serve the dual function of promoting science
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process instruction and enhancing higher levels of cognitive development.
This is certainly important since Piaget found social transmission an |
important factor to promote acquisition of higher levels of mental
operations (Pulaski, 1971, pp. 11, 33).

In summary, the significance of the preceeding discussion has been
to examine and support the idea that worthwhile hypothesis generation
investigations must:

a. dnvolve students who have the capacity to eventually
function on a hypothetico-deductive level, and

b. present problems to the students that will be
visualized as real and solvable.

Fortunately, previous studies have included both of the above conditions.
In fact, specific studies utilizing sixth grade participants (Suchman,
1961; Quinn, 1971) and ninth grade participants (Wright, 1974) have
indicated that students of these ages can be effectively instructed to
improve their ability to identify and relate variables to generate
better hypotheses about specific discrepant events of ph?sics causality.

These studies are treated in greater depth later in this review.

Single or Multiple Hypéthesis Generation

Although a student may possess a clear understanding of the problem
and the ability to think hypathetica—deductivély, methods of instrggtian
which emphasize the formation of only a single hypathésis may not be |
of optimal educative value since students become more attached to a
eingle hypothesis and, then, lose perspective about the problem and
possible solutions (Woodburn, 1969, p. 333). The alternative is to

utilize activities that emphasize the formation of multiple hypotheses.
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The concept of multiple hypotheses is certainly congruous with .
scientific inquiry since it allows for greater flexibility in isolating
all aspects of a problem. Justifiably so, many of the previous hypothesis
generation studies have included the number of hypotheses contributed |
as a measure of effectiveness.

Specific Approaches Which Encourage
Hypothesis Generation
Method of Problem Presentation

A student must be confronted with a recognizable problem before
the process of generating hypotheses can occur. Therefore, the important
concern for researchers is the most effective method to present a problem
or discrepant event to students during an instructional session.
Naturally, an obvious approach is a live demonstration of the discrepant
event and, then, continuation of the instruction session. Live
demonstrations, however, present several difficulties:

a. can all students easily view the demonstration,

b. will various distractions from the classroom (or instructional
area) detract from the effectiveness,

c. does the demonstrator maintain identical conditions over
repeated demonstrations, and

d. are any excellent discrepant events not conducive to a
live demonstration?

Suchman (1962b, p. 52), as he began his preliminary work in developing
inquiry training techniques, encountered such problems. Since he favgrgd“
the recording of each discrepant event episode on fiim, the primary

question was the presence or absence of differences in motivation ﬁetwegﬂ“
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the gstudents who observed the discrepant event on film and those who

observed the identical event in a live setting., After several investigaticﬁs;
the results indicated that the motivation was identical for both groups. |
Suchman (1962b, p. 53) did find, however, that color film was more
effective than black and white film. This was attributed to the live
and vivid qualities of color film,

In a somewhat related study, DeTure and Koran (1975) found that

videotape recordings, where a few selected members of the class illustrated

laboratory techniques, resulted in increased involvement of their classmates
with process skills so students exhibited more positive and less negative

behaviors during subsequent laboratory exercises, The above studies

indicate that demonstrations which are recorded on %ilm or videotape
are just as effective methods to illustrate a problem and motivate
students as are live demonstrations. Further, it did not appear to
matter whether strangers (as in Suchman's films) or claésmates were the
demonstrators. These findings are basie in a discussion of hypcthésis
generation studies since many have utilized single topic films to
present discrepant events to the participants.

Two studies attempted to determine the effect of single topie

films on the ability of students to develop an improved capacity to
write hypotheses, Gibbs (1967) found that high school biology studeﬁts,-
who received five lessons in hypothesis sgnstruetign via films; in;:eaéadllf
their ablility at writing hypotheses. Thg measure of imprcvemEnﬁ_far,gﬁé ﬁi
" dependent varlable was relevance. In a similar study,wéafker4(1969) o
developed and evaluated four single topic films as che means ﬁa~pramat§ ¢* 

the construction of hypotheses that explain chemical phenémena,zisaéiéélij{
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a problem was introduced to the students by the film, after which
they were requested to write only one hypothesis. Then more of the
film was shown that illustrated some experimental evidence about the
original problem. Students were then permitted to revise their original
hypothesis or construct a new one. The findings indicated that after
the fourth film there was an improvement in the ability to construct
revised hypotheses as meagured by three forms of relevance.

These studies illustrated that single topic films can improve
the ability of high school students to write hypotheses about a preaente&
problem. The criteria of hypothesis quality was a general term--~relevance.
But this is important since these studies indicated a means to qualify
hypotheses generated by students. Further, the instruction for both
studies was viewing a film, receiving information and practice at writing
one hypothesis to explain each event. Neither offered a specific method
of intensive instruction. Other studies have incorporated the use of
film to preseﬁt the problem and a specific form of inteﬁsive instruction,
Specific Instruction Studies in

Hypothesis Generation Directly
Applicable to the Classroom

Although, over théipast twenty years, a nﬁmber'éf investigations
have been conducted in the area of hypothesis generation, much of thé
work has dealt specifically with the process of hypothesis formation and
not with techniques which can enhance the ﬁr@cesa as addiﬁians to existing
classroom instruetion, Therefore, the following discussiéﬂ will begin
with the three specific studies which have involved instruction methods
incorporating problems or discrepant events which are feésible-iﬁ a

sclence classroom setting. Then, pertinent works which have iﬂvestigatgd;f’
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general aspects of the hypothesis formation process will be capsuldzed

under the category of related studies.

Inquiry Development Program
Suchman (1961, 1962b) in the late fifties to mid-sixties designed,
developed, and distributed a comprehensive Inquiry Development Program
(IDP) intended for use in actual classroom settings. The objectives
were to help gtudents build those inquiry skills necessary to investigate
causal relationships. As a result, the activities emphasized: (a) pathering
and organizing data, (b) isolating variables, (c) hypothesizing relationships
between variables, and (d) testing hypotheses through verbalized experiments.
Suchman felt the Inquiry Development Program needed no system of
rewards or reinforcement since the need to inquire into the cause of a
puzzling situation was self-rewarding as information became available.
To insure this condition, problems were prepared which were readily
apparent since a limited number of variables were inval?éﬂ. Also, in
this way, students could focus their concentration on their thinking
process as well as the problem. The problems were limited to tg;sé of
physics causality which could be recorded on color film. (For classroom
use the eight millimeter filmloop format was prepared.) In total, thirtyf

three films of approximately two minutes in length were developed. In

order to maintain consisteney among the films, each problem was demonstrated - B

using recognizable science equipment.
The procedures for each inquiry instruction session lasted for one
to two hours per week for a period of twenty-four weeke. After the sixth

grade subjects viewed the film, they were requested to ask the teacher
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questions ahout causality that were specific éncugh‘fér a yes or no
response. In this way, open-ended questions were avolded so that thé
students focused on the variables in such a way to ask pertinent
questi@;si As a result, the students--not the teacher--controlled the
amount and quality of information gathered during the session. To
maintain order during the session, Suchman limited the number of active
participants to groups of ten. Since ﬁﬁe rest of the class was PféSéﬂt;
the non-participants observed the film and questions so they could improve
their abilities. Further, once a student had "the fl»ror" a series of
questions could be asked. Each session was audiotaped and, after the
session, the tape was replayed so the teacher could analyze the usefulness
of each question. This critique was intended as feedback to students

so they could improve their skills.

To assesg the effectiveness of the program, a year long study was
conducted in twelve schools across the nation. The inquiry leaders from
each school had participated in a summer training sessiﬁn directed by
Suchman. The procedure in each school involved one treatment (inquiry)
intact class and one control intact class which watched the same films as
the inquiry class but received an expository lesson about the concepts.

At the end of the study, the findings indicated: |
a. equal, if not better, conceptual growth fa; the inquiry classes, and‘f;

b. better process of inquiry acquisition by the inquiry classes as
measured by a greater fluency {(Suchman, 1962b, pp. 117-23).

The importance of the Inquiry Development Program was that it

outlined a feasible method to intengively instruct students in data

gathering. There is an assumption, in Suchman's work, that each question
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is a hypothesis in an interrogatory form. Further, the Inquiry Development
Program indicated small group discussions about the problem were essential
for good participation and, also, that the critique feedback was a

useful portion of the instruction,

Inquiry Instruction and Hypatheéis

Generation in the Classroonm

Although Suchman indicated that inquiry skills were increased by
small group instruction, no attempt was made to actually determine the
effect of the instruction on hypothesis generation. Quinn (1971) undertook
such a study with sixth grade students from one urban and one suburban
school each of which contained homogeneous groupings of students from
low and middle socio—economic homes respectively, Quinn developed a
validated and reliable scale to measure the quality of hypotheses
produced by students.

The procedures for Quinn's study involved a treatment and a control
group (both intact classes) in each school. Traatmanﬁ involved twelva film
sessions and six discussion sessions. The film sessions were additioms
to the Suchman Inquiry Development Program since the discussion sessions
were detailed analysis of students' observations in terms of possible
inferences, relationship of variables, and quality of ﬁyp@thESES- It
should be noted that the observations were written on the blackboara so
they were visible to the students, The results of the study indicated:

a. subjects who received instruction in hypothesis generation

provided a greater quality of hypotheses than subjects not
80 instructed,
b. instructed subjects from middle socio~economic homes did not

generate a greater quality of hypotheses than subjects from
low soclo-econouic homes,
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c. students with high Otis Test of Mental Ability Scores
generated a greater quality of hypotheses than subjects
with low Otis Scores,

d. students with high grade point averages generated a greater
quality of hypotheses than those with low grade point averages,

e. subjects with high reading levels generated a greater quality
of hypotheses than students with low reading levels,

f. girls generated a greater quality of hypotheses than boys, and

g. individual subjects wirh hypothesis generation training (regardless
of socio-economic status) generated a greater quality of
hypotheses than individual subjects without hypothesis training.
The importance of Quinn's researcu to the present study is that
it illustrated intact classroom instruction can improve the ability of
students to generate a higher quality of hypotheses as determined by
the analysis of written hypotheses utilizing a validated scale.
Intensive Instruction and Hypotheses
Ceneration in an Individualized Setting

Since Quinn's method of classroom instruction was proved successful,
a worthwhile next step was a comparison of different instruction methods

in an individualized setting. Wright (1974) conducted such a s tudy

utilizing ninth grade subjects who wece randomly placed into one of

three treatment groups-—-control, hypothesis génerat;an intensive
jnstruction, or cue attendance (number of details observed) intensive
instruction. The hypothesis generation iﬁténsive ingtruction consisted

of watching an Inquiry Development Program Film and, then, gegeratiﬁg

five acceptable hypotheses; the cue attendance instruction caﬁsisted of
viewing a film and, then. generating gseventy-five details. As the studgnt
would offer an acceptable response, it was reinféréed with "ok, good, vé;iii‘

good." After treatments, comparisons were made between. each intensive

{instruction group and the control as well as between treatment groups.

E%BJ‘;lﬁ;ﬂ&ir}‘ﬁ T T TP R - .
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The dependenit variables were the quantity and quality of hypotheses
generated, the quantity of cue attendance, and the quantity and diversity
of information search. In additlon, aptitude treatment interactions were
deternined wsing scores from Verbal Reasorring and Hidden Figures tests

as variables. The major finddings dudicated:

a, ezch intemsive imnstruction group performed bettes on
ezch deperndent variable,

b. the treatment groups perforned equally on all dependent
variables but cue attendance where the Intensive instruction

cize attendance group did better,

c. no differences existed between the thiree high and three
lov ability groups, and

d. ne significant aptitude treatsent Interactions existed between
intensive Instruction in cwe attendarice or hypothesis generation
for Verbal Reasoning or Hidden Figures levels.

Fif teen months later a follow-up study was conducted to determine

if difference results for the depemdent variables would occur (Wright, 1975).
For cue attendance quantity as well as quantity and quality of hypothesis
generation, the treatment groups were sdgrif icantly bétvter than the

contxrol groups. Further, there were no significant differences between

the treatment groups. As for infomation search, the cue attendance

group was significantly better in perfoimance than the hypothesis generation
and control groups. The najor implicatdon is that hypothesls generation
behavior is improved by either cue attemdance or hypothesis generating
instryction.

In both studies, Wright indicated that intensive instructiom,

which involved predeternined minimum standards for hypothesis generation
wvas effective in an individualized settdng to promote immediate and long-

tern inquiry skills. The importance of Wright®s work was that it verified:
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®

more than one form of hypothesis generation instruction
is applicable in a secondary school setting,

b, predetermined ninimum standards can be set for instruction
and acceptable responses can be reinforced,

c. Inquiry Development Program Films present adequate discrepant
events to ninth graders for hypothesis generation, and

o

intensive instruction yields persistent retention of basic
inquiry skills,

In summary, the three preceeding investigations are important to
the present study since the findings of each provide support. Suchman
(L962b) provided evidence that discrepant events can be filmed and,
then, utilized as part of a training program for the process skill
of isolating variables by questioning. Quinn (1971) continued inquiry
training by first developing a scale to measure the quality of hypothesis
generation and, then, by exposing students to classroom instruction in
hypothesis generation. The results indicated that students can be instructed
to improve hypothesis generating ability. Wright (1974), further, found
that hypothesis generating behaviors can be improved by individualized
reinforced instruction in either hypothesis generation or observing details.
While the work of Quinn and Wright have been valuable extensions
of Suchman's original research, together they raise three questions which
are vorthy of further research:
1. What is the difference between individualized instruction
in hypothesis formation when only the criteria are given to the
student and individualized instruction in hypothesis formation
when only reinforcement or both criteria and reinforcement
are given?

2. What effect will individualized intensive instruction have on
a group discussion about a specific discrepant event? And,
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3. what effect will the group discussion have on the members of
the instructed groups to subsequently generate hypothesas?
The present study attempted to provide answers to these questions in
an effort to further the information available about hypothesis generation
instruction techniques. Thus, this study further narrowed the gap

between research findings and classroom application.

Related Studies

General ILdeas

As previously mentioned, a number of investigations have been
conducted which deal specifically with the process of hypothesis
formation. In addition, investigators have studied general aspects of
hypothesis generation. The discussion of related studies will, therefore,
begin with general aspects and continue with specific findings about the
process of hypothesis formation.

In 1930, Tyler (1930) studied the inference processes of college
students in an elementary zoology class. The subjects were presented"
with zoological facts from which inferences could be drawn. Since care
was taken to make the facts as "original" as possibié, the inferences
were a result of thinking and not memory. First, the subjects were
presented with a series of items for which they weré required to write
an inference. Later, in the same day, the subjecta were given the same
items with multiple choice responses and required to gelect the best
inference. Although the findings indicated little correlation (.38) between
the ability to formulate an inference and the ability to select the best

inference from a group, Iyler was ablé to obtain a method for determining

the quality of generated inferences. Using a system of rating each
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inference by a panel of judges, he found a correlation between judges

of .96. The significance was that given a group of written inferences
about a discrepant topic a panel of judges could objectively rate the
hypotheses of individuals in general (good, bad or moderate) or specific
(point system) ways.

Along similar lines, Atkin (1958) investigated: (a) the nature of
elementary students' development and their ability to formulate hypotheses
and (b) the relationship between type of classroom and the development
of problem solving abilities. The results indicated that older children
tended to rely on a greater use of authority figures as the basis for
their hypotheses and this effect was most pronounced in less permissive
classrooms. WNaturally, there were more original responses in more
permissive classrooms. Another important point was that the investigation
substantiated the appropriateness of using a predetermined standard to
determine the quality of generated hypotheses.

A more recent correlational study of hypothesis géﬁeratian and
student traits was conducted by Brown, D. (1973). The subjects were 108
female undergraduates enrolled in an independent study introductory
biclogy class. Further, each participant had no previous college science
instruction. The findings indicated:

a. as independent study was increased so was precision in

hypothesis formation, however after the fourth session
there was a decrease which was explained by a fatigue factor,

b. as independent study was increased a greater number of
deductive hypotheses occurred; and

c. while there was a significant inverse correlation batween
anxiety and object visualization, there was no correlation
between anxiety and the type of hypothesis formed (precioe
and deductive).
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Brown indicated that hypothesis generation was positively correlated

to independent study but after a certain point a fatigue factor affected
hypothesis generation. Further, deductive hypotheses were stated more
precisely. Similarly, Atkin showed that elementary students offered
different types of hypotheses but these were determined by age and
degree of permissiveness in the classroom. There appears to be an
environmental factor suggested by both Brown and Atkin. Tyler's work,
while it did generally describe student traits and inference drawing
ability, emphasized the need for a problem to be original so the
subsequent hypotheses could be qualigégively evaluated.

In addition, mention of a finding from a recent investigation by
Sprafka (1973) may be worthwhile., Utilizing medical students, the study
determined if individuals who were constrained to verbalize during an
individualized hypothesis generating session would generate a greater
number of hypotheses. The findings indicated this was only the case on
one of three problems. Thinking out-loud was, thérefore; not an effective

technique in utilizing dnquiry skills.

Instruction in Hypothesis Generation

Many studies, conducted at the college level, offer many poirnts
which are worthwhile o consider. One such study was reported py Klein,
Frederiksen, and Evans (Klein, et, al., 1969) who utilized 127 paid male
freshman and sophomore '"volunteers' from Rutgers. Basicallf, the subjects
were randomly placed into éngFimental and control groups that received
treatments (and observations) simultaneously on three consecutive evenings.
The dependent variables were: (a) subject anxiety, (b) the quality (number

F
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corresponding to a list of acceptable) of hypotheses, and (c) the
quantity (number reported) of hypotheses on the Formulating Hypothesis
Test. The independent variables were illustrations of acceptable
hypotheses from a predetermined list. The findings indicated a greater
quantity of hypotheses from the treatment group but no significant
difference between the control and treatment groups for quality of
hypothesis generation due to the amount of anxiety.

Several years later the preceeding study was modified and repeated
(Frederiksen and Evans, 1974). The dependent variables were clearly
delineated as:

a. quantity of hypothesis generation-~those responses not previously
mentioned,

b. quality of hypothesis generation--those responses that corres, onded
to ideas previously agreed upon by a panel of judges,

c. quality of hypothesis generation--the average number of polnts
for the qualiity of hypotheses as rated by two judges,

d. quality of hypothesis generation--based on length, handwriting,
or grammatical correctness, and

e. quality of hypothesis generation--based cn the average number
of words per response.

The subjects included 395 paid male and female "yolunteers' from two
Pennsylvania colleges who were placed into three groups—--control, quality
treatment, and quantity treatment., Similar to the previous study, the
independent variables were proper illustrations for either quality or
quantity hypothesis formation. The findings were that each treatment
group generated a greater quality or quantity of hypotheses with fewer
words per response. Also, females generated more responses than males.

“hese two studies indicated that college students can be instructed to

60




O

ERIC

PAruntext provided oy eric (SRR

44

generate a greater quality and quantity of hypotheses as determined by
a systematic method of rating. It should be noted that these studies
were designed to compare the effect of treatment not to compare different
treatment methods.

A comparison of three different methods of instruction (attribute
block material, pictorial logic, and basic elements) on second and third

srade students was conducted by McGinty (1972). The findings indicated

o

P

W

that instruction had positive effects on certain logical abilities of
the subjects. Further, it was found that the third graders out-performed
the second graders when the same instruction method was compared. The
significant point of this study is the comparison of all three independent
variables on the outcome of each dependent variable.
Similarly, Salomon (1970) employed two training procedures (cue
attendance and hypothesis generation) and two levels of training (whether
criteria were met) and two kinds of training design (structure and
unstructured) in a study on response uncertainty in teaéher interns.
Although subjects were not specifically instructed in how to determine
quality hypotheses, they were positively reinforced when an acceptable
hypothesis (or detail) was submitted. To present the problem to the subjects,
a segment of a motion picture of approximately four minutes was either presented
as it was or in a randomly spliced arrangement. Subjects were required to meet
criteria of 150 details or seven hypotheses during instruction that utilized
the problem. In addition, a subject could observe the film as often as desired.
In order to determine the effects of the instruction methods, the

subjects were shown slide sequences and, then, asked to generate either
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hypotheses or details. Again the subject could view the problem
(slides) as often as desired. The subsequent findings included:
a. immediately after intensive instruction, the treatment
groups displayed greater hypothesis gemerating and cue

attending behaviors,

b. after seven days, the treatment groups displayed greater
information search behavior,

¢. intensive iastruction utlizing unstructured films was more
effective for hypothesis generation and utilizing structured

£ilms was more etffective for information search, and

d. intensive instruction participants displayed more
subjective uncertainty.

The importance of this study was the reinforcement used to illustrate
acceptable hypothesis generaticn and the comparison of immediate and
delayed (week later) improvements.

To what extent hypothesis generation occurs was partially determined
by Byers (1965) who tested twenty-four college educational psychology
students for the relative frequency of hypotheses and the amount of
information remaining after the first hypothesis c;;ufréd. The procedures,
which were complex, involved a question board and card sequence arrangement.
The findings were that students delayed overt expressions of hypotheses
until they had more information about the concept. The significance,
however, is in the discussion where Byers states that positive reinforcement
increases hypothesis generation frequency (Byers, 1965, p. 342).

Intensive Instruction Methods
for Concept Attainment

devoted primarily to determining the effect of one form of instruction
on the ability to generate hypotheses. Since the present study continued
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the previous work by comparing more than one method of hypothesis generatien
intensive instruction, it is worthwhile to discuss a few pertinent studies
in concept attainment which have similarly compared various methods of
instruction about specific concepts.

Kersh (1962) sought to compare the effect of instruction about
two novel rules of addition using three methods of instruction--guided
discovery, directed learning, and rote learning. The effect of each

was determined by a test of recall given three days, two weeks, and

[hd

six weeks after instruction. Utilizing three groups of high school
geometry students, it was found that: (a) the rate of forgetting was
constant for all groups and (b) the rote learning group did significantly
becter than the other two (although the guided discovery group outperformed
the directed learning group). These findings were at variance with
previous work (Kersh, 1958) which indicated discovery learning was
superior to learning with direction. The disparity was attributed to
retroactive inhibition which meant the treatment groups ?etentian was
inhibited by interpolated learning. The lmportance +f this work was
that differences occurred due to different methods of instruction and
that giving students too much information may not facilitate transfer
of previous learned principles.

As a result of studies which measured to what extent a concept
had been established, Gagn& and Brown (1961) investigated the effects
of variations in the programming of conceptual learning materials on
the affectiveness of learning {as measured by performance in a problem
solving situation). The participants, who were thirty-three boys from

ninth and tenth grades, were placed into three treatment groups—--rule
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and example, discovery, and guided discovery. After the instruction,

the gulded discovery group was the most effective--while the rule and
example group the least effective-—in solving a new problem., This study
established that three different approaches--vhich presented the students
various amounts of infarmatign;ﬁdid not succeed equally in promoting

concept attainment., Further, the results tended to verify that the students
needed to discover on their cwn but with the aid of some direction.

Sechrest and Wallace (1962) compared the assimilation and utilization
of information when subjects, who were instructed with different conditions
of information transmission, attempted to determine a concept. The premise
of this work was that less than perfect performance may be attributed
to failure to use all available information. Among the four groups of
college psychology (introductory) students, there were no gignificant
differences and, therefore, it was concluded all subjects assimilated
information efficiently. Each group differed by the ngﬁber of clues
they received during instruction. The importance of this study was
not the findings but, rather, the discussion. The invegtigator found
in addition to the results:

a. the earlier subjects ventured hypotheses the fewer instances
were required for a solution, and

b. some students used the experimenter's invalidations of their
hypotheses as a source of information while others used them
as a source of punishment. The latter group, naturally, was
reluctant to engage in quantity hypothesis generation (Sechrest
and Wallace, 1962, p. 163).

Working from an assumption that subjects can only discover how to
apply a rule, not discover it, Wittrock (1963) sought to determine the
effectiveness of giving subjects the rule, the answer, neither the rule

or answer, or both. The results indicated that the college psychology
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juniors who were given the rule and answers or just the rule did better
than the other two groups. The no-rule no-answer group was the least
effective. The point of this study was that activities which emphasized
discovering the application of a principle were superior means of instruction.

The evidence indicates that various forms of a treatment in coucep®
attainment studies do not jield equal results. Since previous intensive
instruction studies for hypothesis generation have not generally considered
various methods of instruction comparisons, this is a logicai area to
investigate. The data from the preceeding investigations indicate subjects
with guided discovery did better in applying concepts. Similarly, this
study attempted to determine if one specific method of hypothesis generation
intensive instruction was superior in promoting student application of
the concept of hypothesis formation. It appears that the studies discussed
in this review definitely support the need for the present in&estigatian.

A further point of interest is the quésﬁian=-wgu1§ all students
react identically to varying methods of intensive instruction? A recent
study indicates a negative answar to the preceeding question. Graybill-
(1975) investigated sex differences in problem solving of selected science
problems taken directly from the work of Piaget and Inhelder. The
results indicated that males ages nine, eleven, thirteen and fifteen
outperformed females and, also, were more confident in handling equipment
and less aware of the presence of the experimenter. These results, whén
considered with previous studies where female participants formulated
better hypotheses than males (Quinn, 1971; Frederiksen and Evans, 1974),
leave the guestions about the role of intensive instruction beyond the

scope of this study. However, it appears that intensive instruction may
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offer sll students the “lexibilitv to react differently but ultimately
the abilitv to master a specific performance objective. Therefore,
investigations which attenpt to illustrate feasible activities for

developing concept attainment in the classroom are worthwhile.

Summary of Related Studies

The related studies dealt primarily with three areus of hypothesis

2. instruction in hypothesis generation, and

3. intensive instructioa for concept attainment.
The general ideas studies have indicated that the quality of hypotheses
generated by students can e assessed. Further, a few of these studies
have indicated that the tvpe of learning environment can affect the type
of hvpothesis forration by elementary students (Atkin, 1958) and college
introductorv biology students (Brown, D., 1973}, The major importance of
the instruccion ia hvpothesis generation investigations is that each
illustrated, in the presence of one form of instruction and, also, a
measurement instrument, hvpotnesis formation abilities can be increased.
Further, Salomon (1970) illustrated that positive reinforcement was a
useful instructional cendition for students when a predetermined standard
was attained. Byers (1965) similarly found positive reinforcement increased
the quantity of hypotheses formed by students. Finally, the concept attainnent
studies have illustrated that guided discovery is a superior instructional
nethod for students to understand and apply a concept than rote learning

or total discovery.
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Relationship Between llypothesis
Generation and Creativity

Inquiry Training and Creativity

Naturally, any addition to the curriculum which emphasized an
infinite view of knowledge was considered to develop creative thinking
or creativity. 1In fact, Suchman (1965, 1962a) indicated that the Inquiry
Development Program enhanced creative thinking abilities of the participants.
This is logical when the nature of the discrepant events (ag the promotors
of enlarged conceptual system) is considered. Further, inquiry is
self-motivating and as such maintains a high interest level which results
in more fluent, precise analysis of the possible causes of the problem.
Simce critical thinking is an autonomous process which is self-directed
and aims toward the production of a new form, the Inquiry Devealopment
Program developed critical thinking.

There have been two studies on the impact of inquiry curricula
and activities on creativity. Brown, T. (1973), in a éampaf15§n of the

inquiry curriculum Science Curriculum Improvement Study (grades onu

to six) and a conventional science curriculum, found the inquiry students
were significantly more creative. In addition, it is important to mention
that the participants had only inquiry or E@ﬁvantiénal instruction for

six years. Contrasting results were obtained by Bills (1971) in an .
assessment of a weekly inquiry lesson on the creativity productions of
students. It was found that 306 eighth grade students (taught by six
teschers) did not make significant gains due to the inquiry instruction.

The investigator, iiovever, admitted creativity was a difficult term to

accurately assess (Bills, 1971, p. 420).
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Creativity--In General
Guiiford (1967, pp. 108-09) listed three basic tralts of creativity:
a. fluency as measured by quantity,
b. flexibility as measured by a change, and

¢c. originality as measured by the presence of the unusual
or somewhat removed.

Further, Guilford included mention of practicality in the sense of
feasibility. Guilford’s distinctions are important since the Hypothesis
Quality Scale of Quinn (see page 72), although not intended as a measure
of creativity, certainly accounts for creative responses. For example,
a student who performs well will have isolated variables and manipulated
them into various hypothetical situations--flexibility and originality.
In addition, a creative person must have a high sensitivity to
the problems so to sense imperfections (Guilford, 1967, p. 118). 1In
this way, complacency with a slingle hypothesis is not creativity! The
Inquiry Development Program definitely is based on = philosophy that

encourages the creative student,

Creativity and Classroom Activities

Brainstorming has the advantages of quantity but is it at the loss
of quality? This is an impossible question to answer! However, the ideas
gained from a group discussion setting are of a higher quality whea the
fear of being wrong is not reinforced (Guilford, 1967, p. 114). Other
conditions which further stimulate group creativity are: prepar~ on,
attitude, open-mindedness, receptivity, enthusiasm, concentration, and
expression (Rapp, 1967). The group inquiry session of Suchman concained

each of these criteria, Fox this reason, inquiry probably encourages
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group creativity and, consequently, indiv,.val creativity. As previously
mentioned, however, creativity is diffdcult to assess.

Al though Bills (1971) and Brown {1973) attempted to assess the
inpact of science inquiry skills on c¢reativity, they really inAy measured
a small aspect of a broad topic., S§ince creativi ty is a self-initiating
trait, the chances of developing creative behavior is maximal when
classyoom activities are interesting arad <hallenging. Actual practice;s,
naturally, depend on the teacher. To aid teachers In their effort to
proiote creative activities in the clagsroom, articles have appeared
in secondary science teaching journals over the last fifteen years
(Kilburn, 1963 ; Coleman, 1266; Micciche and Keany, 19695 Ankney and
Sayre, 19752. As the teaching of hypothesis generation skills becones
a popular addition for science curiicula, nmore eisphasis will probably
be placed on the role of creativity as reflected by hypothesis generating

behaviors .

Sunmary of Impertant Findings
The major findings of previous studies that have been involved
with intensive instruction and assessnent or hypothesis genierating skills
include:

a. hypothesis generating behavior in students can be improved
by intensive instruction,

infornation search behavior in s tudents can be improved by
intensive Instruction,

[»}

c. intensive Instruction for hypothegds gemeratiom can be
effectively conducted in an irdividualized, small group
or classroom setting,

d. as long as a problem meets the cxiteria as a discrepant event,
it can be filned and, then, effeetively motivate students,
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e. quality of hypotheses can be determined,

£, hypothesis generation skills are transferable immediately
and over a period of time,

g. various methods of intensive instruction result in different
levels of concept attainment,

h., creativity—-although related to hypothesis generation—-cannot
be quantitatively neasured,

i, regardless of intensive instruction, the ability to generate
hypotheses varies according to sex, and

intensive Jnstruction is effective in elementary and secondary
schools as well as colleges to promote the formation of hypotheses.

[

None of the previous studies have compared the effect of giving
students either criteria or a form of reinforcement as an intensive
instruction condition. Further, none af the studies have compared the
effect of previous hypothesis formation instruction on group qﬁastiéniﬁg
behavior or the effect of group discussion on subsequent hypothesis
generation. This study (a) compared four different hypothesis generation
intensive instruction methods and (b) determined the effect of each method
on information search behavior during a group discussion and subsequent
written hypothesis generation behavior. Chapter III outlines the procedures

utilized and the desigm of the study,
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CHAFTER 1IL
PROCEDURES

Design of the Study
A 2 x 2 factorial design was employed. There were four independent
variables--criteria (given and not given) and a form of reinforcement
(differentiated and undif ferentiated) . In addition, there was a control
group which received no treatment. Table 1 (balow) illustrates the
combinations of the independent variables for each treatment.

TABLE 1.--Cumbinations of the independent variables
and the control

Differentiated Undifferentiated
Reintorcement Reinforcement

Given: Given:
Criteria
Glven: Group 4 Group B
Criteria
Not Given: Group C Group D
Control:

Group E

The study was conducted during February and March, 1976 at Frederick
Sasscer Junior High School located im Prince George's County, Maryland.

The participants were the ninth grade students who attended science class
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for one period (fifty minutes) each day. In additica, all twelve science
classes of the two ninth grade science teachers were involved. In each
intact classs the participants were fanﬁémly placed into one of the four
instruction groups or the control group. The only exception to the
randomization was the sex composition of each group which was stratified
“in the same proportion that existed in the intact class since previous
researchers (Graybill, 1975; Quinn, 1971) had found differences in process
skill behavior due to the sex of the participant.
To minimize the possible interaction affect between the students

of the various groups, during each class period, students fioa the classes
of both teachers were simultaneously exposed to intensive in: truction.
This procedure was - 33ible by employing an instruction sequence as described
by a Greco-Latin square (Daytom, 1970, pp. 149-50), Table 2 (below)
illustrates hov the instruction sequence was baseé on (a) the group,

(b) the day of the study, and (c) the class pariod.

TABLE 2,-~Group intensive instruction sequeuce utilizing individuals
from both classes by the pericd and day of the-study

Day Day Day Day Day Day
-Period 1 A 3 4 5 6
;#: E?éup:,El %L BlE Cf, le Eaké ug
KL graups:Algz B 62 Cl,z 91,2 EJ 2 day for
4 BB GlD’ D7A E°C AlE students
5 cCC DE E B AD B A who
6 DD E A AC B E CB vere
7 EE AB BD CA D C absent

*only the classes of one teacher participated
#%the classes of both te.-'hers (numbers refer to each)
participated
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Group A: Differentiated Reinforcement and Criteria
Group B: Undifferentiated Reinforcement and Criteria
Group C: Differentiated Reinforcement only

Group D: Undifferentiated Reinforcement only

Group E: Contral '

Upon completion of the instruction sessions, during each period,
students of all the groups were shown an Inquiry Development Program
Film ("The Sailboat and the Fan') and asked to write as many hypotheses
as they could to explain the discrepant event. Then, the students were
shown another Inquiry Development Program Film ("The Ice Cubes') and
requested to write as many questions as they could which might help
better explain the discrepant event. Five days later, group discussions
began with only cone of the groups duriﬁg each class period. Table 3
(see page 57) shows the discussion schedule for each group. During the
discussion the students were requested to ask questions that might help
then solve the problem, After twenty questions, the students were requested
to apply the group information by writing as many hyp@théées as possible
that might expiain the discrepant event. Therefore, there were seven
dependent variables:

1. quantity of written hypotheses immediately following treatment,
2. quality of written hypotheses immediately following treatwment,

3. quantity of information search questions immediately
following treatment,

4. diversity of information search questions iﬁmediately
following treatment,

5. diversity of oral questions during the group discussion,
6. quantity of written hypotheses after the group discussion, and

7. quality of written hypotheses after the group discussion.
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Figure 1 (see page 58) jllustrated the relationship between the dependent

variables and the experimental groups.

TABLE 3.--Discussion group sequence for information search
behavior utilizing intensively instructed
individuals from both of the classes by the
period and day of the study

Day Day Day Day Day
Period 11 12 13 14 15
2% sroup: E Al B D
ik iggﬁis: A%Az BiEz %a S]‘D EE,
4 3752 ¢l pip?  EEP ala’
5 cc DD EE AA BB
6 bD E E AA BB ccC
7 EE AA BB ccC DD
*only the classes of one teacher participated
%%the classes of both teachers (numbers refer to each)
participated
Group A: Differentiated Reinforcement and Criteria
Group B: Undifferentiated Reinforcement and Criteria
Group C: Differentiated Reinforcement only
Group D: Undifferentiated Reinforcement only
Group E: Control

In suamary, there were four independent variables=-criteria (given
and not given) and reinforcement (dif ferentiated and undifferentiated).
Iumediately following the completion of the various methods of intensive
instruction, the effect of imstruction in hypothesis generation, was
determined by having students write hypotheses and questions about discrepant
events. Five days later, the students were presented an additional problem
in a small group setting where they were allowed to ask gnestions about:
the variables in the discrepancy. After twenty questions, each participant
was requested to write as many hypotheses as possible to explain the

Figure 2 (page 59) illustrates the design of this invesﬁigatiaﬂ.>

74

discrepancy.
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Sroup C7 | Group Dé /
written hypothesis quantity

%chup A: Differentiated Reinforcement and Criteria
“‘Group B: Undifferentiated Reinforcement and Criteria
“Group C: Differentiated Reinforcement only

'Group D: Undifferentiated Reinforcement only

“Group E: Control

Fig. l.--Relationship Between Dependent and Independent Variables
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Initial Investigation
Three weeks prior to the start of this study, an investigation
was conducted with one of the ninth grade science classes (the only first
period class) to determine;

a. the criterion level for the number of acceptable hypotheses
which could be expected during intensive instruction,

b. the criterion level for the number of questions which could be
asked by individuals during the group discussion, and

¢. the need for procedural modifications--including visibility of
the films, clarity of the tapes, and understanding of directions.

The findings (from the eighteen participants) indicated the suitability
of the procedures for widespread application and the number of hypotheses
possible and questions practical during the sessions was six and twenty

respectively.

Population

The participants were ninth grade students of Frederick Sasscer
Junior High School in Upper Marlboro, Maryland. As a scﬁgol in suyburban
Washington, D. C., Frederick Sasscer is part of the ?riﬁce George's County
Public Schools which is one of the largest systems in the nation. The
school operates on a seven period day with approximately fifty minute
classes. According to assignment procedures, the distribution of the
students in each intact science class was heterogeneous.

Participation in both the initial investigation and the actual study
was voluntary and, also, required parental consent. Therefore, the study

was explained to all potential participants and er.h was given a parental

permission letter (see Appendix I, p. 121). The response for participation

included approximately 80 percent of the students from the eleven classes
utilized in the main study. (It is important to note that students from
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twelve intact classes participated; however one of the classes was
selected for use in the initial investigation.) The total number of
Paftiﬂigan&s available for the investigation was 221. Unfortunzately,
due to absenteeism on crucial days, only 205 or forty~one students per
experimental group were utilized in the final analysis. The average
age of the participants--assessed during the discussion phase--was
14 years and 8 months.

The teaching philosophy of the ninth grade science teachers was

contract oriented utilizing the Earth Sciencs Curriculum Project. Both

teachers had covered the same topics prior to this investigation. Further,
Frederick Sasscer serves a relatively stable student body as most of the
seventh graders continue and finish the ninth grade. Therefore, most
participants had similar science experiences. The participants from

each class were randomly placed in one of the experimental groups utilizing
their numbers from a sheet containing the alphabetized last names of the
students in the class. The random numbers table provided by Dayton and

Stunkard (1971, pp. 270-76) was employed.

Stimuli Presented
Inquiry Development Program Films (Suchman, 1966) were used in
this investigation because previous research by Wright (1974) had shown
them as effective discrepant events for ninth grade students. Sincz only
five films vere necessary, it was important to select from the complete set
the greatest number of students. It was possible to immediately eliminate

sevaral because of previous student exposure due to prior science instruction
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which was known through discussions with science educators and prior

knowledge of the investigator. As a result, a group of possible films

was shown to two junior high teachers who together with the experimenter

selected the six best. Then, these were shown for further verification to:
a. a scilence specialist in the Prince George's County School System,

b. a university secondary education professor with prior experience
as a junior high teacher, and

¢, two Prince George's County science teachers,
The members of the film panel viewed the films separately and completed
the questionnaire included in Appendix II (see page 123). The unanimous
concensus was that all six were appropriate. Therefore, the following
Inquiry Development Program Films were selected by the investigator for
each of these specific purposes:

a, Introductory Discrepant Event--'"The Restaurant,"

b. Intensive Instruction Discrepant Event--'"The Knife,"

¢. Discrepant Event Immediately Following Treatment for Hypothesis
Generation~~'"The Sailboat and the Fan,"

d. Discrepant Event Immediately Following Treatment for Information
Search Questioning--'"The Ice Cubes,'" and

Group Discussion Discrepant Event--"Drinking Boiling Coffee."

T

Hypothesis Generation Intensive Instruction

The intensive instruction was conducted in a large office and
preparation room combination located between two science classrooms.
There was enough room for fifteen desks and a discussion area. To
minimize distractions and the amount of light entering the rzoom,
bookshelves and windows were covered with paper. Further, pegboard
partitions were fastened onto the desks to create a more individualized
atmosphere and to serve as support for the headphones. Each student
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listened to the instruc:jens--which were recorded on audiotape--via

these headphones. This method of presentation was found as excellent
since it improved concentration by eliminating occasional noise fronm

the classrooms. The par<icipants were allowed to remove their headphones
at any time after the taped instructions ended. Finally, the films were
shown continuously on a screen clearly visible by all students. For this
reason, the eight zillimeter ¢ * ~";; carrridge and the elght millimeter
filmloor proiectur werc tbhs ~zw . of presentation.

As previously mentioned, one instruction group from each class
reeived intensive instruction during a normal science class period.
Thus, it took five days for all the participants from a class to be
instructed. The average session lasted thirty-five minutes. Since the
class period lasted about fifty minutes, the time was adequate. Usually,
the classroom teachers sent the students--previously requested by the
investigator--as a group to the "laboratory' approximately five minutes
after class began. Students were allowed to sit where they wished since
enough desks and chairs were available.

The instruction among the groups varied in thz2 amocunt of
information presented to the members by the experimenter during one or
more individualized conferences. It should be noted that while the
investigator could devote "total" attention te nne ;. - - . ant, it was
possible to observe the others. Students, therefore, were monitored to
insure individual work. Table 4 (p. 64) illustrates the differences in.

information provided to each group.
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TABLE 4.==The information received by each hypothesis generation
intensive instruction group and by the control group

Group Group Group Group Group
Information A B c D E

Audiotaped instructions and the
Introductory Discrepant Evant X X X X X

Continuous showing of the
Intensive Instruction Discrepant
Event X X X

]

Acceptance of written hypotheses
with undifferentiated reinforce-
ment X X

Acceptance of written hypotheses

only when a predetermined level

was attained and then verbal

differentiated reinforcement

was given X X

Acceptance of written hypotheses

only when a predetermined level

was attained but the subjects

were told the criteria for good

hypothesis formation b4 X

The audictaped instructions and introductory discrepant event
comprised a general description about hypotheses presented in such a
way so it was comprehensible to all participants., The initial investigation
and a panel--a science education specialist and two junior high science
teachers—-agreed. The presentation consisted of the following:

Mankind has always attempted to find out why something happens.

Such attempts are called hypotheses and they are responsible for

the world around you. Even you generate hypotheses=-although

you do not call them by name. For example, John may be absent

from school and you may try to figure out why. Your ideas may
include: he is sick, out of town, missed the bus, overslept,

needed at home, and some others. As you can see, you have no

way of knowing the right answer until you do some research--in

this case wait until you see John again and ask him! This is
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how the scientists work--observing an event, generating hypotheses,
conducting rasearch, and finally, finding an answer that will probably
create more questions and more hypotheses, and more research.

The process is endless!

For thig experiment, you will be asked to approach -a problem
much like a scicntist. First, you will watch a short film and,
then, generate some hypotheses to try to explain it. To illustrate
the procedure, carefully watch this film that will be followed by
five hypotheses which would be considered good if made by a
person ¥he partiﬂipated in this training. (The Inquiry Development
Program Film—-"The Restsurant'--is shown one time.)

Scme hypotheses which may explain this event are:

a. When the valter touched the tablecloth to rumove the
spot he put something on it that made th: tablecloth
slide out,

b. The twe tablecloths were made of two different materials
and the slippery one could be pullad out,

¢. The waiter pulled the tablecloth out horizontally &n d
the man pulled it up at an angle so the plates fell o

d. If the tablecloth is pulled out fast the force of gravity
keeps the plates on the table, and

e. One table had a magnet holding metal plates on the table.

The following instructions were given to Graugs A, B, C,
and D, During this session, you will generate six hypothéses
that . you feel explain the events in another film. Since the
film will run continuously, you should do the following when
you feel ready:

a. Write down between one and six hypotheses on the paper in
front of you using the pen provided. And,

b. then raise your hand sc you will be called to the discussion
area to explain your hypotheses to the experimenter. When
he feels you have reached a satisfactory level for each of
your six hypotheses, you may return to clasg. To make this
session worthwhile for you, your classmates, and the experimenter,
you will be requested to do your own work and not to talk to
anyone but the experimenter.

The following instructions were given to Group E (control).
You have now finished your participation in this study for today.
In a few days, you will take part in phase two. Please remove your
headphones and come to the discussion area and the experimenter
will give you a pass to return to class. Thank you.
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The groups that had to verbally interact with the experimenter
(Group A, B, C, D) were given a sheet of paper and a ballpoint pen so
they could writc complete or partial hypotheses which could be discussed.
When ready to discuss a hypothesis, participanrs raised their hands and

were called over to the discussion area one by one. Generally, the students

were i.terested in the problem and appeared to do their best. As for
'he various degrees of information the following remarks were uniformly
stated:
a. for the criteria given: an acceptable hypothesis is a
reasonable explanation that could be tested if you were
given the equipment,
b. for differentiated reinforcement given:

1, good--if the hypothesis would have rated . three on
the Hypothesis Quality Scale (see page 72),

2. very good-~if the hypothesis would have rated a four
on the Hypothesis Quality Scale,

3. excellent--if the hypothesis would have rated a five on
the Hypothesis Quality Scale, and

4. 1 cannot accept this one--if the hypothesis would have rated
a two or below on the Hypothesis Quality Scale.

c. for participants in the group where there was only undifferentiated
reinforcement--I can accept that hypothesis.

The intensive instructica sessions went smoothly and quickly. After
the sessious, there appeared te be no ''gossip --in the sense of sharing
answers——among students. In fact, the participants were enthusiastic
about keeping their specific answers (hypotheses or questions) a secret.

The peer pressure to make the investigation a guccess was evident.
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Obtaining Dependent Variables

Hypotheses and Questions Immediately
Following Intensive Instruction

Following completion of the intensive instruction sessions, the
effects of the various metiiuds were measured by the quality and quantity
of hypotheses as well as the quantity and diversiiy of questions about
emparate discrepant eveants presented by Inquiry Development Program
Films. To maintain uniformity in testing conditions, all the participants—-
from both classes--of a given period were simultaneously tested in the
larger of the two science classrcoms. Additional tables and chairs were
added so each participant could be seated. Also, to improve visibility,
the 7ilms were shown using a regular eight millimété% movie projector
which produced a picture of greater intens cy thar the filmloop projector.
Similar to the intensive instruction sessivns, students were not assigned
seats and paper was distributed for responses (and pens were loaned to
students who needed one). Instructions for this session were audiotaped.
The only contact of the experimenter or teachers with the students prior
to the audiotaped instructions was a b~ ¢ time after class began
focus the attention of the participarn: »n e electronic medium L
should be added that the students were wu.. cooperative and caused no
disruptions. The instructions and procedures included on the tape were:
Hi! During ome of the last few days, you have participaced in a
lesson on how to generate more than one hypothesis that could explain
a gscientific problem. In other words, you found out that there can
be more tnan one reason which explains why something happens. Today,
you will also be asked to generate some hypotheses but about
a different sclentific problem. Before we go on, it should be
menticned that today's work will be written and the next phase

will be verbal. Therefore, you are requested to doc your own work
and to please try to do your best. Since it is difficult ia a
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group of this size to put your group number on each paper during
this session, would you pleagse write your name and science teacher's
name on your paper. Lf you need a pencil or pen or have another
problem, please raise your hand.

As previously mentioned you are tr watch some films today and
then follow the directions. You shoulcd . arefully watch this film
two Lim’; ¢ 22z which you will be instructed to write a3 nany
hypothes«s ov reasons as you can that may explain why the proble.:
exists.

(At this point, "The Sailboat and the Fan" is shown two times.)

Now you will have five minutes to write as many hypotheses as
you can that may explain the scientific problem. Please do your
best since this session is inportant. Also, do not worry about
spelling or awkward grammar--the important thing is to write your
hypotheses. (During this time the film is shown one nore tiwme.)

(After five minutes.) Five minutes are up--so‘please stop writing
and turn your paper over. Lf you have written on this side of the
paper, vaise your hand for another sheet. As you have probably
thought, if you could only ask questions about scientific problems
which would be answered then you could write better hypotheses.
Therefore, you will be showrn another film after which you will be
asked to write questions which might help you better understand
the problem. Therefore, carefully watch this fllm two times.

(At this point, "The Ice Cubes'" is shown twice.)

You will ncw have five minutes to write as many questions an
vou want that .iight help you better understand the problen when
:hey are answered. Remeémber you are to write questions you want
answered not hypotheses. Again, do not worry about spelling or
awkward grammar. Ralse your hand if you have any difficulties.
Please do your best and zoncentrate on your own work. (During
this time the film is shown rmce.)

(After five miuvces.) Your time is up: Please stop writing.
You have now finished your participation in this study for today.
in a few days, you will take part in hase three. To make this
session wortihwhile for you, your classmates, and the experimenter,
you will be requested to not discuss your hypotheses and questions
with anyone but the experimenter. Please pass your papers to the
front. Thank vyou:.

&
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Quasyions During a Group Discussion
ani ilypothesis Generation Afterward

Five days after the written measures for the preceeding dependent
va.iables, small group discuss.’..ns began which were composed of those
participants from both classes who were in the same treatment groups
(=ne Table 3, p. 57). Since only one treatment group could have its
discuzsion session each dayv, ﬁﬁe procedure took five days ﬁé complete.
The y estions of the participants were audiotaped and written on an
overhead transparency by the i?vesgigatér so transcription for later
analysis was possible. As a participant stated a question, the
followi.g applied:

a. the question was repeated by the experimenter,

b. written on the transparency,

]

prnjected for the members of the group to observe,

¢. repeated by the experimenter, and

<. answered with a2 wvs L@ W response.

if a question <. .d ach Lo answered, the investigator told the
participant: "I cannot answer the question the way you stated it; it
needs to be more specif’n so yes or no can be the answer." No other
commernis were made by the experimenter. To agcertain the rélatixe absence
or consistency of nonverbal cues by thr investigator, four teachers, on
separate occasions made an unannounced vigit to one session for five minutes.
They were asked to discuss their observations and determine if the
procedures were conslstent and devoid of nonverbal or verbal cues.
The unanimous decision was in favor of uniform behavior by the investigator
that neither encouraged nor discouraged student participation. It should

be noted that the teachers were able to enter and leave qﬁdétected by a
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L sntrance. Further, the time spent observing t.2 sess’on was 1§ng
enough to obtain a general idea of the procedure yet short enough to
not prohibit a student f om participating if the teacher's presence
was annoying. The audiotaped instructions to the participants were:

Hi! Remember last week after you watched the film called
"The Ice Cibes," you were asked to write questions that you felt
might help you write better hypotheses if they were answered.
Today, you are going to do the same thing ex: :pt for two major
differences:

first, you will ask questions instead of writing them, and

second, the investigator will answer your questionms with a
yes or nr TR,

But, before we . .. segin you need a scientific problem. Therefore,
please watch carefully this film two times after which you will
receive further instructions. ("Drinking Boiling Coffee" is projected
two times.)

We can now begin a small group question and answer session
about the film. The procedure will include:

a. when you have a quésti@n about the scientific problem that
you feel might help you generate better hypotheses, raise
your hand, :

b. when you are called uporn state your question to the experimenter,
(Remember it must he stated so it can be answered with
a yes or no.)

¢, your questicn will then be written on an overhead transparency
so you and others in the group can use it to develop other
specific quustions, and

d. finallv, your question will be answered with a yes or no.

This procedure will continue until twenty questions have been
answered or until twenty minutes have passed. 5o the questions

can be later analyzed, this session will be audiotaped. To

insure your anonym!ry, I wiil not call anyone by name. (The session
now began.)

O
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(After twenty questions or twenty minutes, the audiotape
continued.) Now I will distribute paper and turn on the projector
so you can views the film again. I would appreciate it if you would

problem. As in the past, you will have five minutes.

(After five minutes.) Your time is up! Please stop writing
and pass your paper to the frent. Your participation in the study
is now completed. But your help is still needed since c:her members
of your class are not finished. So to make the experiment a success,
please do not discuss this session with your classmates until next
week. Thank vyou.

Assagsment of the Dependent Variables
Quantity of Hypotheses and Questions
The necessary measure for quantity was the number of nourepeatable
hypotheses and questions. In the event of an incomplete sentence, it was
counted as part of the total quantity only if the meaning was understood

s0 to be rated &3 to quality or diversity category.

"y

Guality of Hypotheses

Since the scale designed by Quinn (1971) was validateu and, further,
proven useful in analyzing the hypotheses of both elementary students
(Quinn, 1971) and secondary students (Wright, 1974), it was selected as
the quality measure, FBy using this scale (Table 5, p. 7. j, each hypothesis
of a participant was given the point value which corresponded toc its
category. These numbers were averaged to determine the qualifty o.  pothesis

generation for each individual. These averages were used in the later

statistical analyses.
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TABLE 5.--Hypothesis Quality Scale of Quinn (1971

Points Classification
o No explanation: for example a nonsense statement, a

question, an observation, a single inference about a
single concrete object

1 Nonscientific explanation: for example, " . . . because
it's magic" or "because the man pushed a button."

2 Partial scientific explanation: for example, incomplete
reference to variables, a negative explanation, analogy

3 Scientific explanation relating at least two variables
in general or nonspecific terms

4 Precise scientific explanation, a qualification and/or
quantification of the variables

5 Explicit statement of a test for a hypei.iesis (An infer-
ence is made here that the child who states a test can
also hypothesize adequately and precisely.)

Diversity of Questions

Suchman (1962b) devised a scale to detemiine the category of questions
generated during an information search group discussion. Wright (1974
found it applicable for the analysis of the questions generated by =winth
graders. Therefore, this scale (see Table 6, p. 73) was the preference
for this study.

The diversity of i ..tstion search question scale is arranged
so a question can be classified into one of sixteen categories which
are defined by eight parameters:

1. events--refer to the occurrence of events (e.g. Did he
wipe the blade?),

2. objects--refer to the nature of objects (e.g. Was the
liquid water?),
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3. conditions-~refer to the states of an object, in this
context conditions can vary and are defined by numbers
(e.g. Was the temperature of the water 85° F?),

4. properties--refer to properties, in this context properties

do not vary and refer to constant characteristics (e.g. wuas
an ordinary knife bend when heated?),

5. verification--if the question seeks to identify or verily seow.
aspect o the entire filmloop sequerce,

6. experimentation--if the questicn seeks o ascertain the
consaquences of some hypothetical change in the experiment
preseated by the film,

7. necessity--if the question seeks to de..rmine whether a
particula: aupect of a phenomenon in the film was necessary
for the o rome {cause and effect), and

8. synthesis--7 .he question seeks to determine if a partilcular
idea of the.rv of causation is valid and explains totally of
some aspect of the experiment.

TABLE 6.~-Diversity of information search question scale

Events Objects Conditions Properties
Verifiecation Vo v v \)
a o c P
Experinentation E E E 5
a o] o P

Necessity N N N N

Synthesis S, S 5, Sp

The simplent way to analyze a question is to first dectermine the
vertical and, then, the horizontal category. As a rssuli, questions fall

into one of the sixteen categories. A condition of high diversity is

the presence of questions in many categories as compw.zed with low diversity S

which contains an equal number of questions but only in one category.

For this investigation, after all the questions were classified for
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each individual, mathematical manipulations made it possible to determine
diversity.

The Shannon Index was utilized to calculate the diversity of
questions because the various functions provided a ceunzige way to
express how the participants responses corresponded to maximum diversity.
Originally an information scale (zurrently employed by e¢:clogists), the
Shannon Index measures thé‘uﬁcertaiﬂty of predicting the specific identity
of specific questions when drawing individuals »t random. Naturally, the’
higher div “rsity values indicate greater uncertainty. For calculations
of thi; study, the following equation applied:

a. H=-~- EZPi log Pi: where the sum of Pi was the cummulative
probehility of having & ;uestion in each category of the scale,

HEits/Sample
number of questions; C is a conversion factor; and n, is the

=C (N logN -X n, log ni): where N is the total

number of ques:lons in each category,

, ¢ e ,
Hpi o, individuals = % OV log N - Xn, log n,),

HMax = Lagla § (C): maximum diversity where S is the number

[

of questions, and

H ..
e %-;ELE : the evenness calculation compares the number in

8%

ez'u s re,0ory to the maximum diversity.
Only the evenness value was presented in the data, ;f the maxinun divevsity
was attained by a student (e.g. nine Juestions with one in each category),
- then the evenness value was one. Values, thergfsre? ranged from zeso

(if-na ques ti-ns were asked) to one for maximum diversity.
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Correlation to the Measurement Scales

To assure the lack of prejudice on the part of the investigator
in rating each hypothesis or question, two junior high science teachers
were asked to rate fifteen hypotheses and questions which were randomly
selected from student responses during the study. Using Kendall's
Coefficient of Concordance (Hayes, 1973, pp. 801-03), the results of
the teachers and of the experimenter were compated. The coefficient
values were 0.83 for the hypotheses and 0.94 for the questions. The
selected questions and hypotheses as well as instructions are included
in Appendix III (page 125). It is interesting to note that the good
agreement on the Hypothesis Quality Scale indicates the applicability
of the instrument. Quinn (1971, p. 45) found an interjudge raliab{iity

coefficient of 0.94 when she validated the scale.

Statistical Analyses
The six dependent variables for the written quéstians and hypotheses

or each participant of the various experimental groups were analyzed

=ty

by planned compariscs (contrasts) for the main effect interactions and
treatment versus rnontreatmenr comparisons. When a significant difference
occurred, either the Newman-Keuls or Dunnett Test was conducted to
determine the extent. The level of siznificance to support the hypothesis
was 0.05. Figure 3 (page 78) depicts the sequence of statistical analyses
for the preceeding dependent variables.

To determine the impact of the dependent variables that referred to
diversity of questions during the group discussion, an analysis of variance
and both the MNewman-Kevls and Dunnett test were conducted. To furthsr

determine the effect of previous exposure to written ~ypotheses on subsequent
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hypothesis generation behaviors, the analysis of covariance on the plauned
comparisons was conducted. The covariables were quantity and quality

of hypothesis generation immediately following iustruction, and the
variables were quantity and quality of hypothesis generation after the
group discussicn. Again, the level of significance to support the

hypotheses was 0.05.

¢ mary

This study involved a compu:sison of five methods of hypothesis

generation intensive instruct’ e algso, the assessment of the effect
of the instruction on group . .cuseion ehavior and the, subsequent,

ability to generate hypothe::s. Gasic:ily, students from the intact
classes of two ninth grade scieucc teachers were placed into each of

the groups which received varying amounts of information. The independent
variables were the nresence or absence of reinforcement and knowledge of
the criteria for an acceptable hypothesis. The seven dependent vsriables
were:

a. both the quantity and quality of written hypotheses immediately
following instruction,

b. both the quantity and diversity of written information sefrch
questionr immediately foliowing instruction,

c. the div...ity of inf: ~ ation search questions during a group
discussity, and

d. both the c.antity and quality of written hypotheses after
the group discussion.

The discrepant event utilized to stimulate intensive instruction
and the dependent variables were selected filws from the Inquiry Development
Program. The measure of the quality of hypotheses was the Hypotheris
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Quality Scale, and the measure for diversity of question was the
Information Search Scale. The statistical analyses involved planned
comparison between axperimental groups. Chapter IV presents the

specific findings.
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CHAPTER IV
FINDINGS OF THD STUDLY

Techniques Utilized

The individual wrirten hypotheses and questions were analyzed
using respectively the Hypothesis Qualitv Scale (see Table 5, p. 72)
and the Informatiun 32arch 3cale (see Table 6, p. 73). Further, the
diversity of the questions was calculated by the Shannon Diversity
Index (see p. 74). The derived values for all participants appear
in Appendix IV (see p. 130).

There were five equalily populated experimental groups and six
dependent written response variables, Pair-wise comparisons were performed
on each variable tu . .scertain if differences between groups existed because
of the form of instruction rather than by chance alone., Specifically, contrasts
between the presence or absencs of reinforcement, criteria, and treatment
interactiana.wera cor.ducted. For the &nalyses, the computer program
Mulgivariate Analysis of Variance (Clyde, e. al., 1966, pp. 20-41) was
emploved because it could determine the specific comparisons as requested.
If a significant difference occurred in a compariscn of intensive instruction
groups, then the Newman-Keuls analysis (Dayton. 1970, p. 47} was cenducted
(by the researcher) to determine the extent. However, if a significant
difference occurred in the comparison of the intensive instruction groups
and the control, then the Dunnett test (Dayton, 1970, p. 49) was utilized.
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The guestions generated during the group discussion were transcribed
and analyzed to obtain the diversity valve for each group. These values
were first submitted to an analysis of variance (Hays, 1973, pp. 457-5192)
followed by the MNewman-Keuls and Dunnett analyses. (These three analyses
were determined by the researcher.) To assess the effect of previous
exposure to generating hypotheses prior to the group discussion on subsequent
hypothesis generation behavior efter the group discussion, an analysis of
covariance was conducted by the Multivariate Analysis of Variance
(Clyde, et al., 1966, pp. 20-41). The covariables were the quantity and
quality of written hypotheses immediately following treatment and the
variables were the gquantity and quality of written hypotheses after the
group discussion. The level of significance to support each hypothesis

was 0.05.

The Specific Contrasts

The importance of planned pair-wise comparisons i1s that the univariate
analysis is further delineated so tue presence of significant differences
becomes obvious. The four comparisons of tFis inves:igation involved:

1. the four intensive instructlon groupsversus the eontrol,

2, the additive effect of criteria and reinforcement (interaction
between treatment),

3. the reinforced groups versus the nmon-reinforced groups, and

4, the criteria groups versus the mon~criteria groups.

The Résearch Hypotheses
The hypotheses for this study were listed in detail on pages 9-17.
Sir.ce each hypothesis for written hypotheses and questions (hypotheses

one through twenty-four) corresponds to the planned pair-wise comparisons,
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the most concise way tou present the dats is to first ocutline _Lhe six
dependent variables in terns of specific fiudinps. Secondly, the data
which refer to the hypotheses about the group discussion and, subsequent,
eftect on hyrothesis generation behaviors (hypotheses twenty-flve through
twenty~-seven) will be presented.
Summary of Results--Hypothesis
Generation Following Instruction Sessions
Dependent Variabls One—-
Quantity of Uritten Hypothesis
Generation Following Intensive Instruction
The four hypotheses which refer to the quantity of yritten
hypotheses following Intensive instruction are:
1. There is 2 difference in the quantity of written hypotheses
between the following group which receives a form of instructica
and the control group which receives no instruction:

the differentiated reinforcement and criceria group
versus the control group,

=W

b, the undifferentiated reinforcement and criteria group
versus the control group,

c. the diflerentiated reinforcement ouly group
versus the control group, and

d. the undifferentiated reinforccment only girroup
versus the control group.

2 The effects of differentiated reinforcement and ariteria are non-
additive on “he quantity of written hypotheses.

3. There is a di{ference in the quantity of wriiten hypotheses
betveen the following groups whirh receive differentiated
reinforcement as an instruction condition and the following
groups which receive undifferentiated reinforcement!

a, the differentiated reinforcement and criteria group
versus the undifferentiated reinforcement and criteria group,

b, the differentiated reilnforcement and criteria group
versus the undifferentiated reinforcement omly group,
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diftcrentiated reinforcement unly group

red reinfo-cement and criterd

a group, an:d

und Lflerentia

dit ferentiated reinforcement ouly group versus
undifferentiated reinforcement only group.

There is a fdifference in the guantity of written hypotheses
betweer the following groups which are told the criteria for
good hypothesis fovma tion and the following groups which arc

not told the criteria for gocd hypothesis formation:

i

erentiated reinforcement ana criteria group versus

d. the Jif§
iffe ‘thgtzd reinforcement only group,

toe di

rein i ortenm

ent and criteria group versus
iaforcoem

ent only group,

b, the diffe
Lhi‘ ‘.;Tlt;;i_ B

t=d reinfo-cement and criteria group versus

. the undifferential
the differentiated reinforcement only group, and

Jd the w3 j ferentiated reinforcement and criteria group versus
the ifferentiated reinforcement only group.

Table 7 (p. 23) lists the mean value for cach experimental group.

r~wise comparisons only

)

van values differ, the specific pa

atensive instruction (Lreatment)

o
\H‘m

ant differznce for

indicare a signii

einforcement versus undifferentiated

r

yersus control and 47fferentlated

reinforceuent (see Tat B bsequent dewman-Keuls and Daunett

analyses indicate that significaut differences only omeccur between the

differentiated reinforcement groups and the control (see Table 9, p- 84) .
.. therefcre, that differentiated reinforcement (e.g. good)

T

The implication i

a treatnent conditior results in higher quantity of hypotheses only

as
in comparison witn the control (and not compared to the other intensive

instruction groups). Accordingly, only parts (a) and (c) of hypothesis
one are supported while parts (b) and (d) of hypothesis one as well as

hypotheses two, three and four are not supported.
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TABLE 7.--Maans and standard deviations for each intensive
instruction group on the quantity of written
nypotheses following intensive instruction

Mean Group
Standard
Deviatiol

A% B c* D* B

M 4.0y 3.390 4,000 3.439 2.463
£0 2.121 L.686 1.844 1.450 1.790

#Grovp A: Differentiated Reinforcement and Uriteria
#Group B¢ Undifferenciated Reinforcement apnd Criteria
#Group C: Differentiated Reinforcement only

#Group D: Undifferentiated Reinforcemerc only

*Group B: Contreol

T4BLE £.-~-Pair-wise comparisons of tne experimental groups for
the quantity of hypothasis generation rollowing
intensive instruction

Degrees  Sum of Mean Probability
Source Freedom Squares Square F (less than)

"

Treatuent vs. Control 1 51.751 51.75% 16.123 001%
Interaction 1 D08 .098 030 .862

Differentiatead Reio~
forcenment vs.
U.differentiated
Reinf. 15.244 15.244 4,749 ,030%

Criteria vs. no Criteria 1 .000 .G00 .000 1,000
Error 200 941,951 3.21
Total 204 709.004

\H‘

*Significant at 0.05
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TABLE 9 .--Palr-wise analyses of experimental group Jata for the
quanticy of written hypotheses following intensive
instruction

Newman-Keuls® Dunne ct#*%*
A L D B E
Group  Mean 4.049 4.000 3.439 3.390 |2.463

A 4040 b 1751 2.1801  2.3552 | 4.0080%%
3 4000 eeeem 2.0049  2.1801 | 3.8842%%

p” 3.439 ——— .1751 | 2 .4665

*Significant at 0.05 when t=4.04
**Significant at 0.05 when tX3.21

Fr.-l

“Group A: Differentiated Reinforcement and Criteria
“Group B: Undifferentiated Reinforcement and Criteria
“Group C: Differentiated Reinforcement only

“Group D: Undifferentiated Reinforcement only

“Group E: Control

AR SR AR A

Dependent Variable Twe--
Quality of Written Hypothesis
Generation Following Iatensive Instruction

The four hypotheses which refer to this dependent vzriable are:
5. There is a difference in the quality of written hypotheses
betvween the following grcups which receive a form of intensive

instruction and the control group which receives no instruction:

a, the differentiated reinforcement and criteria group
versus the contreol group,

b. the undifferentiated reinforcement and criteria group
versus the control group,

c. the differentiated reinforcenment only group
versus the centrol group, and
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d. the undifferentiated reinforcement only group
versus the control group.

5. The effects of differentiated reinforcement and cuitevia are
non-additive on the quality of written hypothesus.

7. There is a difference in the quality of written hvpotheses
Lztween the following groups which receive differentiated
reinforcement as an instruction condition and the follcwing

groups which receive uadifferentiated veinforcement:

a. the differentiated reinforcement and criteria group
versus the undifferentiated reinforcement .and criteria group,

b. the differentiated reinforcement and criteria group
versus the undifferentiated reinforcement only group,

the differ=src
the undifferentiated reinforcement and criteria group, and

L]

d. the differentizted reinforcement only group versus
the undifferentiated reinforcement only group.
8. There is a difference in the quality of written hypotheses
hetwaen the following groups which are told the czriteria for
good hypothesis formation and the following grcups which are

not told the criteria for good hypothesis formation:

a. the differentiated reinforcement and criteria group versus
the differentiated reinforcement only grcup,

3. the differentiated reinforcement and criteria group versus

the undifferentiated reinforcement only group,

¢. the undifferentiated reinforcement and criteria group
versus the differentiated reinforcement only group, and

d. the undifferentiated reinforcemer.” and criteria group versus
the undifferentiated reinforcement only group.

Table 10 (p. 87 lists the mean values for all the experimental
groups. Pair-wise comparisons, illustrated in Table 11 (p. 87), indicate
the diiferences to be significant for treatment (intensive instruction)
versus the control, interaction of the treatments, and criteria versus

no criteria. Further, the Newman—-Keuls and Dunnett analyses (Table 12, p. 881

indicate that differentiated reinforcement, criteria or both are respansible;:
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ior a signiiicantly greater quality of hypotheses than treatment

without thair praosence or no intensive instruction. Figure 4 (below)
illustrates the condition iwplied by the data that when differentiated
reinforcenent is prasent the addicion of eriteria has no effect, Therefore,
parts {(a), (b;. and (¢) of hypothesis five, hypothesis six, and parts (b)

and (d) cf hypotheses seven and eight are supported.

(undifferentiated
reinforcement & criteria)
B

fferentiated t2!856)

(di

2,309 reiaforcenent)
C -
2,799 (3575‘“‘%@3

A (differ=ntiated
(2.667) reinforcenent &

SE AN criteria)
JJALITY 2.590
5C0RES
2,400
2.300
2,200 (undifferentiated reinforcement)

D
2,199 (2.131)

2.000

0.000

~o T YES
CRITERIA
PRESENCE

— % u &

Fig. 4.--Interaction Graph of Treatments
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1ﬁ%tfuLthn grmup on tha quality Qf wr;ften
hypotheses following intensive instruction

Group
JMean ) T ]
Standard Deviation A% B* c* D* E* v

M 2.667 2.856 2,764 2,131 1.853

5D . 757 640 .567 669 1.028
#Group A: Differentiated Reinforcement and Criteria
*Group B: Undifferentiated Reinforcement and Criteria
#Group C: Differentiated Reinforcement only
%Group D: Undifferentiated Reinforcement only
#Group E: Contrcl

TASLE 1l.--Pair-wise couparisons of the experimental groups for
the quality of hypothesis generation following intensive

ins t,leCtlDfl,

Source Degrees of Sum of Mean » Probability

Freedom Squares Square F (less than)
Treatment vs. Coutrol 1 18.519 18.519  32.984 .001*
Interaction 1 6.913 6.913 12,312 .001*
Differentiated Reinforcement
vs. Undifferentiated Reinf. 1 2.018 2.018 3.593 .059
Criteria vs. no Criteria 1 4,037 4.037 7.190 .008%
Error 200 112.289 .562
Total 204 143.775

*Significant at 0.05
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TABLE 12.--Pair-wise analyses of experimental group data for the
quality of written hypotheses following intensive

instruction
Newman-Keuls* Dunnett*#*
B c A D E
Group Mean 2.856 2,764 2.667 2.131 1.853
B2 2.856 S 7858 1.6143  6.1924% | 6.0631#%
3 2.764 meememe 8285 5.4066%| 5.5070%%
al 2.667 e 4.5781% | 4.9206%%
p* 2.131 cmemem | 1.6805
g’ 1.853

#Significant at .05 when t=4.04
#*5ignificant at ,05 when t==3.21

%Graup A: Differentiated Reinforcement and Criteria
BGrQup B: VUndifferentiated Reinforcement and Criteria

,Group C; Differentiated Reinforcement only

ngGup D: Undifferentiated Reinforcement only

Group £: Control

Summary of Results-=Information
Search Following Intensive Instruction

Dependent Variable Three~-
Quantity of Written
Information Search Questions
Following Intensive Instruction

Table 13 (p. 90) shows the mean values for the quantity of written
information search questiong. The pair-wise :omparisons indicate the
contrast of the intensive instruction groups to the control as significant
(see Table 14. p. 91). However, the Dunnett test, which accounts for error
assoclated with multiple individual comparisons, indicates no significant

differences as shown in Table 15 (p. 91). The implication is that the

.l()E§‘ , ;‘j; .~m, 1,. -u'akf: '.
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intensive instruction does not improve the students' ability to generate
a greater quantity of questions. Accordingly, the following hypotheses
are not supported,

9. Thare is a difference in the quantity of written information
search questions between the following groups which receive
a fornm of instruction and the control group which receives
no iastruction:

a. the differentiated reinforcement and criteria group
versus the control group,

L. the undifferentiated reinforcement and criteria group
versus the control group,

¢. the dififerentiated reinforcement only group
versus the control group, and

d. the undifferentiz-ed reinforcement only group
versus the control group.

10. The effects of differentiated reinforcement and criteria are
non—additive on the quantity of written information search
questions.

11. There is a difference in the quantity of written information
search questions between the following groups which receive
differentiated reinforcement as an instruction condition and the
following groups which receive undifferentiated reinforcement:

a. the differentiated reinforcement and criteria group

versus the undifferentiated reinforcement and criteria group,

or

the differentiated reinforcement and criteria.group
versus the undifferentiated reinforcement only group,

c. the differentiated reinforcement only group versus
the undifferentiated reinforcement and criteria group, and

d. the differentiated reinforcement only group versus
the undifferentiated reinforcement only group.

12. There is a difference in the quantity of written information
search questions between the following groups which are told
the criteria for good hypothesis formation and the following
groups which are not told the criteria for good hypothesis
formation:

a. the differentiated reinforcement and criteria group
versus the differentiated reinforcement only group,

O ‘ 1 0 6
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c¢. the undifferentiated reinforcement and criteria group
versus the differentiated reinforcement only group, and

d. the undifferentiatea reinforcement and criterla group
versus the undifferentiated reinforcement only group.

TASLE 13.--Means and standard deviations for each intensive
instruction group on the quantity of written
information search questions following intensive
instruction

Jcan B ) - ) ) B o
Standard Deviation

[t
P
o

3
.

¥

A B* C*

M 4.878 5.195 5.220 5.098 3.902

3D 2.159 2.442 2.770 2.755 1.960

: Differentiated Reinforcement and Criteria
Undifferentiated Reinforcement and Criteria
Differentiated Reinforcement only
Undifferentiated Reinforcement only

: Contrel

#Group
*Group
*Group
*Group
#Group

[l B Tl v i

Dependent Variable Four--
Diversity of Written Information
Search Questions Following
Intensive Instruction

Table 16 (p. 93) illustrates the differences in mean values among
the experimental groups. Further, the contrasts (see Table 17, p. 93)
indicate significant differences between the treatment groups and the
control. The Dunnett analysis, however, indicates no significant
differences for the various pair-wise comparisons (see Table 18, p. 94).
This finding implies, that although the intensive instruction groups
have a greater mean diversity of questions than the control, the intensive
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TABLE 14 .--Pair-wise comparisons of the experimental groups for the
quantity ef information search questions following
intensive instruction

o f Mean Probability

Degrees of 5 0
Squares  Square F (less than)

Source Freedomn

Treatinent vs. Control 1 46,849 46 .849 7.880 .005%

Interaction 1 1.976 1.976 .332 .365

ve,., Undifferentiated Reiif. 1 .390 .390 .066 .798
Criteria vs. no Criteria 1 .610 .610 .103 . 748
Error 200 1189.073 5.845

Total 204 1238.898

%Significant at J3.05

TA3BLE 15.--Pair-wise analyses of experimental group data for the
quantity of written information search questions
following intensive instruction

E(Dunnett#®%)
Group Mean 3,902

3 5.220 2.4475
3 5.195 2.4010
5.098 2.2209

at 4.878 1.8125

e

3.902 —————

<

ificant at 0.05 when t 23.21

**Sign
Differentiated Reinforcement and Criteriz
Undifferentiated Reinforcement and Criteria
Differenitiated Reinforcement only
Undifferentiated Reinforcement only

Control ,
108
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SGroup
Group
Group
S D,
Group
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imstruction dees not significantly improve the diversity of questions.
Thiere fore the following hypotheses are not supported.

13. There is a difference in the diversity of written information
search ques tions between the following groups which receive
a form of instruction and the control group which receives
o dnstructiom:

a. the differentdated rednforcement and criteria group
versus the control group,

b . the undifferentiated reinforcement and criteria group
vexsus the comtrol group,

c. the differentiated rednforcement only group
vexrsus the control group, and

d. the undifferentiated reinforcement only group
versus the control group.

l4 - ‘The effects of differentisted reinforcement and criteria are
yon~adli tive on the diversify of written information search
questions.

15. Thers is a difference ip the diversity of written information
sea rch ques tions betveen the following groups which receive
dif ferentiated reinforcement as an instruction condition and
the following group which reéceived undifferentizied reinforcement:

a, the differentdated reinforcement and criteria group
versus the undifferentiated reinforcement and criteria group,

b. the differentdated reinforcement and criteria group
versus the undifferentiated reinforcement only group,

c., the differentdated rednforcement only group versus
the undifferentiated xeinforcement and criteria group, and

d. the differentiated redinforcement only group versus
the undifferentiared reinforcement only group. '

16- “There ls a difference in the diversity of written information
search ques tions be twveen the following groups which are told
the criteria for good hypothesis formation and the following
groups which are not told the criteria for gcnd hypathesis fafmatiun.

a, the differentiated reinfnrcement and c:rit;eri.a group ve:sus
the differentiat:ed felnfarcement cmly grcm;:, :

b. the differentiated reinfcrﬂement and c:ril:eria graup ve:su
the uﬂdiffaremtiatéd i:einfafgément zmiy g:cup, ; ‘

ERI!
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the undifferentiated reinforcement and criteria group versus
the differentiated reinforcement only group, and

%

d. the undifferentiated reinforcement and criteria group versus
the undifferentiated reinforcement only group.

TABLE 16.~-Means and standard deviations for each intensive
instruction group on the diversity of written
information search questions following intensive

instruction
Group
Mean ] e e
§tandard Deviation
A% B? c* D* E*
M .797 .770 .737 713 .608
sD 340 330 .372 388 <448
*Group A: Differentiated Reinforcement and Criteria
*Group B: Undifferentiated Reinforcement and Criteria
*Group C: Differentiated Reinforcement only
%Group D: Undifferentiated Reinforcement only
*Group E: Control
TABLE 17.--Pair-wise comparisons of the experimental groups for the
diversity of information search questions following
intensive instruction
Degrees of Sum of Mean Probability .
Source Freedom Squares Square F (less than) -
Treatment vs. Control 1 .703 .703  4.919 .028%
Interaction 1 .000 .000 001  .981
Differentiated Reinforcement .
va. Undiiferentiated Reinf. 1 .026 .026 .18 @ .672
Criteria vs. no Criteria 1 .139 .139 973,325
Exror 200 . 28,566 .143
Total 204 ©29.434

*gignificant at 0,05
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TABLE 18.--Pair-wise analyses of the experimental group
data for thn diversity of information search
questious following intensive instruction

£ (Dunne tt#%)

Group Mean 6079
At 7966 L7145
52 L7702 6145
3 . ,
C .7370 .4888
p® 7134 .3994
£~ 6079 000 me—e-

#3ignificant at .05 when t=3.21

%Gruup A: Differentiated Reinforcenent and Criteria
BGqup B: Undifferentiated Reinforcement and Criteria
éGraup C: Differentiated Reinforcement only
SGrcgp D: Undifferentiated Reinforcement only

Group E: Control

Summary of Results—-Hypothesis
Generation Following the Group Discussion

Dependent Variable Five--
Quantity of VWritten Hypothesis
Ceneration After the Group Discussion

The four hypotheses which refer to this dependent variable are:
17. There is a difference in the quantity of written hypotheses
between the following groups which recelve a form of iﬁstru:tian

and the control group which receives no instruction:

a. the differentiated reinforcement and criteria group
versus the control group,

b. the undifferentiated reinforcement and criteria group
versus the control group,

the differentiated reinEQECEﬁEnt Dnly grcup
versus the cantral gfaup, aﬁd
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d. the undifferentiated reinforcement only group
versus the control group.

18. The effect= of differentiated reinforcement and criteria are
non-additive on the quantity of written hypotheses.

19. There is a difference in the quantity of written hypotheses
between the following groups which receive differentiated
reinforceuent as an instruction condition and the following
groups which receive undifferentiated reinforcement:

a. the differentiated reinforcement and criteria group
versus the undifferentiated rcinforcement and criteria

gTroup,

b. the differentiatad veinforcement and criteria group
versus the undifferentiated reinforcement cnly group.

¢. the differentiated reinforcement only group versus the
undif ferentiated reinforcement and critecia group, and

d. the differentiated reinforcement only group versus the
undifferentiated reinforcement only group.

20. There is a difference in the quantity of written hypotheses
between the following groups which are told the criteria for
good hypothesis formation and the following groups which are
not told the criteria for good hypothesis formation:

a. the differentiated reinforcement and criterla group
versus the differentiated reinforcement only group,

b. the differentiated reinforcement and criteria group
versus the undifferentiated reinforcement oniy group,

¢. the undifferentiated reinforcement and criteria group
versus the differentiated reinforcement only group, and

d. the undifferentiated reinforcement and criteria group
versus the undifferentiated reinforcement only group-.

Table 19 (p. 96) indicates the mean values for each experimental
group. Further, Table 20 (p. 96) shows significant differences between
the treatment groups versus the control and the interaction between
treatment groups., The Newman-Keuls and Dunnett analyses (see Table 21, p. 97)
indicate differentiated reinforcement only intensive instruction is responsible

for significantly higher quantity of hypotheses than no intensive instruction,
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Therefore, part (c) of hypothesis one is supported while the remaining
portions of hypothesis seventeen and hypotheses eighteen, nineteen, and

twenty are not supported.

TASLE 19.--Means and standard deviationms for each experimental
group on the quantity of written hypotheses
af ter the group discussion

: Group
Hean ) P

Stanaard Deviation —— e ————— R

A% B C* D* E*

1 ' 2.293 2.805 3.293 2.341 1,902
5D P 1.736 2.552 1.874 1.493 1.241
. [ e

Diiferentiated Reinforcement and Criteria
Undifferentiated Reinforcement and Criteria
Diiferentiated Reinforcement only
Undifferentiat2d Reinforcement only

Control

#Group
*roun
*GYoup
#Group
#Group

[ e R

]

TABLZ 20.~-Pair-wise couparisons of the experimental groups for the

quantity of written hypotheses after the group discussion

Degrees of Sum of Mean Probability -
Source Freedom Squares Square F (less than)

Treatment vs. Control 1 19,980 19.980 5.944 .016%
Interaction 1 - 21,951 21,951 6.53L 011%

Differentiated Reinforcement

vs. Undifferentiated Reinf. 1.976 1.976 588 L4464

[

Criteria vs. no Criteria : 1 2.951 2.951 .878 «350
Exror 200 672.244 3.361

Total 204 719,102

*3ignificant at 0.05 113




TABLE 21.--Pair-wise analyses of experimental group data for
the quantity of written hypotheses after the group

discussion
i — -
: Newman-Keuls*® Dunne t t#st

. c B D A E
Group Mean 3.293 2.805 2.341 2.293 1.902

¢’ 3,295 | ~-m-—  1.7045  3.3250 3.4927 3.4353%+
B 2.805 e 1,6206  1.7882 2.2301
D 2.341 cemmee .1676 1.0842

5L S 9636

%#$ignificant at .05 when t =4.04
#3ignificant at .05 when t 23.21

P

Differentiated Reinforcement and Criteria
Undifferentiated Reinforcement and Criterila
Differentiated Reinforcement only

m:':
Lt
[
Lo
b
3 TR T

fGr@up D Undifferentiated Reinforcement only
v
Group E Control

Dependent Variable 5iz—-
Nuality of Written #Hypothesis
Generation After the Group Discussion

The four hypotheses for this dependent variable are:
21. There is a difference in the quality of written hypotheses
between the following groups which receive a form of

instruction and the control group which receives no instruction:

a. the differentiated reinforcement and criteria group
versus the control group,

b. the undiffersntiated reinforcement and criteria groug
vers s the contrul group,

¢, the differentiated reinforcement only group
versus the control group, and

d. the undifferentiated reiﬁfgrﬂement gnly grnup
versus the ;anhrcl grﬁup.
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The effects of differentiated reinforcement and criteria

are non—-additive on the quality of written hypotheses.

23. There is a difference in the quality of written hypotheses
between the following groups which receive differentiated
reinforcenent as aa instruction condition and the following
groups which receive undifferentiated reinforcement:

a. the

differentiated reinforcement and criteria group

versus the undifferentiated reinforcement and criteria group,

b. the

differentiated reinfercement and criteria group

versus the undifferentiated reinforcement only group,

e. the
the

d. the
the

differentiated reinforcement only group versus
undifferentiated reinforcement and criteria group, and

differentiated reinforcement only group versus
undifferentiated reinforcement only group.

24, There is a difference in the quality of written hypotheses
between the following groups which are told .‘he criteria for
good hypothesis formation and the following groups which are
not told the criteria for good hypothesis formation:

a. the

differentiated reinforcement and criteria group

versus the di:iferentiated reinforcement only group,

b. the
the

c. the
the

d. the
the

differentiated reinforcement and criteria group versus
undifferentiated reinforcement only group,

undifferentiated reinforcement and criteria group versus
differentiated reinforcement only group, and

undifferentiated reinforcement and criteria group versus

undifferentiated reinfcrcement only group.

Table 22 (p. 99) indicates the mean values of each group. Further,

Table 23 (p.100) illustrates comparisons which show a significant difference

between the treatment groups versus the control and the criteria groups

versus no criteria.

As a result of the Newman-Keuls and Dunnett analyses

(see Table 24, p.100), significant differences occur between the groups

receiving criteria as an intensive instruction condition and those recelving

no intensive instruction or undifferentiated reinforcement only. This

finding indicates that the intensive instruction method of criteria is better -
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than no instruction or instruction without criteria and undifferentiated
reinforcement. Accordingly, parts (a) and (b) of hypothesis twenty-
one and parts (b) and (d) of hypothesis twenty-four are supported while
the remaining parts of these hypotheses and hypotheses twenty-two and
twenty-three are not supported.

TABLE 2Z.--Means and standard deviations for each experimental

group for the quality of written hypotheses after
the group discussion

Hfean . . iATErgug — . o

Standard Deviation

A% B* c* D* E%*

5D .955 .758 .825 984 .905

Differentiated Reinforcement and Criteria
Undifferentiated ReinSorcement and Criteria
Differentiated Reinforcement only
Undifferentiated Reinforcement only

Control

*Lroup
*Group
*Group
*Group
*Group

MO
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TABLE 23.--Pair-wise comparisons of the experimental groups for the
quality of written hypothesis generation after the

group discussion

}

Degrees of  Sum of Mean Prababilit§ )
Source Freedon Squares Square F (less than)

[

Treatment vs. Control

-

Interactieon

Differentiated Reinforcenent
vs. Undifferentiated Rainf. 1

Criteria vs. no Criteria 1
Error 200

Total 204

176.152

8.942

1.429

158.216

8.942
1.429
1.183
6.381

.791

11.304

1.807

1.496

8.066

L001%

.180

.223

.005%

%#5iznificant at 0.05

TABLE 24.--7air-wise analyses of experimental group data for the

Jevman=Keuls#*

Dunnettk%

c

2.590

2.234

E

2.087

Group Yean P2,

1224

1.6199

1.4975

4.1829%
4.0605%

2.5630

3.70614%
3.6196%%
2.5607

. 7484

#3ignificant at 0.05 when t=4.04
*#k5ignificant at 0,05 when t=3.21

Group A:
Group B
Group C:
Group D:

e L

Group E:

Differentiated Reinfgrcemeﬁﬁ ani>cf1teria'
Undifferentiated Reinforecement and Criteria

Differentiated Reinforcement only

Uﬂdiffétéﬂtiatéd_RéiﬁfﬁfCémEﬂt'éﬁl?#ﬁq;;J.famg;;_ vv

Control
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Summary of Results--Diversity of
Inforwation Search During the Group Discussion

These findings have been treated separately from the written data
since they deal only with group results and not the sum of all individuals
in each group. This raduction is reflected by a decrease in the total
ausber of participating units--205 (200 df) to 30 (25 df). The hypothesis
for this--the seventh dependent variable--is:

25. There is a difference in the diversity of verbal questions
contributed by the various treatment groups during a group
discussion about a discrepant event.

After the diversity index for the data was compiled for each group,
the values were analyzed with the Analysis of Variance and the Newman-Keuls
and Dunnett tests. The results, which appear in Tables 25 and 26 (p. 102),
indicate no siznificant differences between any treatment groups or any
treatmant group and the control. This implies, in the presence of peer
interaction, diversity of oral questions is not significantly improved by
iatensive instruction in hypothesis generation. Therefore, the above

hypothesis is not supported.
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TABLE 25.--Analysis of variance for diversity of information
search questions during the group discussion

Degrees
of Sum of Mean

Source Freedo:m Squares Square F*

Trezatments A 0.0251 0,0063 1.9688
(between
groups)

Error 25 0.0606 0.0032
(within
groups)

Total

0.0857 '

*For significance at 0.05, F must be greater than 2.76.

TABLE 26.--Pair-wise analysis of data for diversity of information
search during the group discussion

Newmnan—Keuls* Dunnett®#*

Standard D A c B E
Group Deviation Mean .8755 .8736 . 8564 .8452 . 7802

0.,3370 .8755 ——— .0823 .8271 1.3120 2.9180
0.0684 .8736 ———— .7448 1.2298  2.8598
0.0649 .8565 ———— 4893 2.3362
0.0435 .8452 ' ———— 1.990%
0.0547 .7802 ——————

Hom ooy o i
(5  T FU R WP N

#Significant at 0.05 when t 24.04
*%Significant at 0.05 when t =3.21

: Differentiated Reinforcement and Criteria
Undifferentiated Reinforcement and Criteria
Differentiated Reinforcenmeat only
Undifferentiated Reinforcement only

Control

L,Group
LGroup
. Group
-Group
Group

i 3

LS~
(R T~
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Summary of Results-—-Performance for
»ypothesis Generation After Group Discussion
Using Previous Exposure as a Covariable

An interesting aspect of the interpretation of the data was to

determine if students from the various groups improved their ability to

generate hypotheses (both quality and quantity) because of previous

exposure to the process of generating hypotheses. Accordingly, the best

measure was to examine the significant differences of the pair-wise

comparisons using previous data as a covariable. The two hypotheses

for the analvsis are:

26. wusing the results of the quantity of written hypotheses

immediately following treatment as a covariable for the
quantity of written hypotheses after the group discussion,
there is a difference between the following planned
conmparisons:

a, treatment vs. control,

b. 1interaction between treatments,
¢, differentiated reinforcement vs. undifferentiated
reinforcement, and

d. criteria vs. no criteria, and

27. using the results of the quality of written hypotheses
immediately following treatment as a covariable for the
quality of uritten hypotheses after the group discussion,
there is a difference between the following planned
cosparisons:

a, treatment vs. control,

b, interaction between treatments,

¢. differentiated reinforcement vs. undifferentiated

reinforceanent, and

d. criteria vs. no criteria.

Tables 27 and 28 (p. 104) indicate significant differences for the quantity

of written hypotheses with the interaction comparison and with the quality
of written hypotheses with the
the Jewman-{euls results for quantity of hypotheses after group discussion

(Table 21, p. 97), indicates no further significance. Therefore, hypathesisyi

120
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TABLE 27.--Pair-wise comparisons of experimental groups for the quantity
of written hypothesis generation after the group discussion
using previocus quantity of written hypotheses as a covariate

Degrees of Sum of Mean Probability
Source Freedon Squares 5quare F (less than)

Treatment vs. Control 1 8.102 8.102 2.561 L1111
Interaction 1 24,800 24,800 7.838 .006%

Differentiated Reinforcement
vs. Undifferentiated Reinf. 1 .301 .301 .035 .752

Criteria vs. no Criteria 1 1,994 1.994 .630 L428
Error 198

Total 202

*3ignificant at 0.05

TABLE 28.--Pair-wise comparisons of experimental groups for the gquality
of written hypothesis generation after the group discussion
using previous quality of written hypotheses as a covariate

Degrees of Sum of Mean Probability
Source Freedom Squares Square F (less than)

2.899 2.899 3.761 .054

(Sl

Treataent vs. Control
Interaction 1 .515 515 .668 .415

Differentiated Reinforcenent
vs. Undifferentiated Reinf. 1 407 407 528 468

Criteria vs. no Criteria 1 4,529 4,529 5.875 .016%*
Error 198

Total 202

*Significant at 0.05
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twenty-six is not supported as no differences occur between any of the
comparisons. The quality of hypotheses after group discussion Newman-
Keuls data (see Table 24, p. 100), indicates significant differences do
occur between treatment groups. Therefore, hypothesis twenty-seven

is supported for the comparison involving criteria vs. no criteria

and rejected for the other comparisons.

Summary of the Findings
The findings support many of the hypotheses and, thus, indicate
differences between the methods of hypothesis generation intensive
instruction utilized in this study. For each of the dependent variables,
the findings involve the following.

a. Dependent Variable One--Differentiated reinforcement as an
intensive instruction method is responsible for a higher
quantity of written hypothesis after intensive instruction
than the instruction method which involves no intensive
instruction.

b. Dependent Variable Two--Participants who received intensive
instruction which emphasizes either differentiated reinforcement,
criteria or both generate a higher quality of written hypotheses,
following intensive instruction, than participants who receive
only undifferentiated reinforcement or no intensive instruction.

¢. Dependent Variables Three and Four-=-No form of hypothesis
generation intensive instruction improves the participants’
ability to generate a greater quantity or diversity of written
information search questions following intansive instruction.«

d. Dependent Variable Five--Differentiated reinforcement alnne as
an intensive instruction condition is responsible for a greater
quantity of written hypotheses than no intensive instructian 7
following the group discussion. _ , ,~,W et

e, Dependent Variable Six--Criteria as an intensive instructian_
method is responsible for a higher quality of written hypathea 8
after the group discussion, than the instruction method of ° °
undifferentiated reinforcement or no intensive instruction.
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Dependent Variable Seven--In the presence of the group
discussion, diversity of oral information search questions
is not significantly improved by hypothesis generation
intensive instruction.

Participants who received intensive instruction which utilized
criteria were not effected by prior exposure to written hypothesis
generation when they generated a higher quality of written
hypotheses--than participants who received only undifferentiated
reinforcement or no intensive instruction--after the group
discussion.
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CHAPTER V
CONCLUSIONS, IMPLLCATIONS, AND RECOMMENDATIONS

I1f ever there was a cause, if ever there can be a cause,
worthy to be upheld by all the toil or sacrifice that the
human heart can endure, it is the cause of education.

Horace Mann, 1796-=1859

Summary

The formation of hypotheses is such an important objective of
science education that curricula designed over the last fifteen years
have emphasized specific learning activities which encourage students
to isolate the variables inherent within a problem and, then, formulate
reasonable hypotheses which may account for the principles of causality.
In essence, students are urged to learn the content of a specific
scientific discipline while developing and utilizing problem solving
skills. Previous research has illustrated that problem solving skills
can be enhanced by exposing students to specific strategles degigned to
encourage isolating and relating variables by arking questions or
generating hypotheses about a discrepant event (Suchman, 1962b; Quinn, 19713
Wright, 1974). However, none of the previous work included comparilsons
of various hypothesis generation intensive instruction methods or
assessments of the value of prior imstruction during peer group discussian.

Therefore, the purpose of this investigation was to:
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a. compare the effects of various hypothesis generation intensive
instruction procedures on the ability of ninth grade students
to generate written hypotheses and information search questions
about a discrepant event, and

b. determine if students, who have received hypothesis generation
intensive instructioa, in a setting free of peer interactions,
exhibit a greater diversity u! questions during a group
discussion and greater written hypothesis generation behaviors
after the discussion.

Procedures

The intact science classes of two ninth grade science teachers
in a suburban junior high school comprised the participants for this
study. Since 205 students were involved in the final analyses, forty-one
students were present in each of four instruction groups and one control
group. Yhile the assignment to each group was random, there was |
stratification--according to the sex composition of each intact class--
for the sex of the individuals. The procedures for the four imstruction
groups included:

a. listening to general instructions about hypothésis formation
and watching an introductory discrepant event,

b. watching the intensive instruction discrepant event until six
acceptable hypotheses were written, and

c, individual discussiaﬁs during which the investigatar Evaluacad

standards.

l. differentiated reinforcement and criteria group--each of
the hypotheses had to meet a predetermined level of acﬂeptability
and, after each was stated, the student was both positively .
feinfgrced (e.g. good) and told the criteria for good
hypothesis formation,

2. undifferentiated reinforcement and criteria group--each of b
the hypotheses had to meet a predetermined level of acceptabilit f
and, after each was stated, the student Was only told the
criteria for good hypothesis farmatian, :
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3. differentiated roinforcement only group-—each of the
hypotheses had to meet a predetermined level of acceptability
and, after each was stated, the student was only positively
reinforced (e.g. good), or

4, undicferentiated reinforcement only group--had to generate
six hypotheses and, after each was stated, the student
received only acceptance (e.g. I can accept this hypothesis).

The control group only listened to general instructions about hypothesis
formation and watched the introductory discrepant event., All the discrepant
events were selected from the Inquiry Development Program Films (Suchman, 1962b).
Lpon completion of the instruction sessions for all the experimental
groups, the participants from Loth science classes during each period
were shown another Inquiry Development Program Film (discrepant event) and
were requested to write as wmany hypotheses as possible. Then, another
filn was shown and the participants were requested to write as many
questions as possible which would provide information to help explain
the discrepancy. Five days later, group discussions began using one
experimental group during each class period until all the experimental
groups had completed the discussion (five days). During the discussion,
the students observed another Inquiry Development Program Film and, then
had the opportunity, to voluntarily, ask questions to the investigator
about the discrepant event. The questions were specific so they could
be answered with yes or no. After twenty questions, the discussion
was terminated and the students were requested to iﬁﬁividually write
hypotheses that might explain the discrepancy.
Thus, this study gathered data about seven dependent variables:

a. both the quantity and quality of written hypotheses following
intensive instruction,

b; both the quantity and diversity of written information search
questions following intensive instruction,
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c. the divarsity of information search questions during the
avoup disczussion, and

both the quantity and qualiry of written hypotheses after
the group discussion.

jam

The dependent variables for written results were analyzed utilizing
planned comparisons which were furtner delineated by the Yewman-Keuls
or Duanett analyses. Finsally, the analysis of covarisnce was conducted
to determine the effect of previous exposure to written hyvpothesis
generation on hypothesis generating ability after the group discussion.
ihe level of significance which was needed to support the hypothesis was

i2.05.

Conclusions

The findings of this study lead to the formation of several conclusions.
it should be emphasized, howwver, that each conclusion is restricted by
the prozedures employ2d (pp. *% ':) and the limitations of this study (p. 22).

1. The uethods of hypothesis generation intensive instruction which
enploved differentiated reinforcement, whenever a hypothesis of a predeternined
standard was generated, werc more effective than no hypothesis generation
intensive instruction (control group) in promoting a greater quancity of
written hypotheses about a discrepant event following instructicn. Further,
while differentiated reinforcement intensive instruction was better than no
instruction, there were no significant differences in the quantity of written
hypotheses between the four intensive instruction groups. Therefore, differénti=v
ated reinforcemert (either alone or with criteria) is only superior to no
ingtruction and equal to other forms of intensive instruction for the quantity

of written hypotheses following intensive instruction.
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2. Those participants who received differentiated reinforcement
intensive instruction (alone or in combination with criteria) or undiffer~
entiated reinforcement and criteria intensive insctruction produced a
significantly higher quality of written hypotheses following instruction
than participants who received either (a) only undifferentiated reinforcement
or (b) no intensive instruction., In addition, there was no gsignificant
difference between either of the differentiated reinforcement intensive
instruction groups and the undifferentiated reinforcement and criteria
group. It seems reasonable to conclude that the presence of differentiated
reinforcement and the addition of criteria does not ezhance the quality of
written hypothesis generation following intessive instruciion. Although
the presence of differentiated reinforcement, eriteria or both cause a
sigrificant improvement in the ahility to generate a higher quality of
hypotheses following intensive iustruction, differentiated reinforcement
alone is sufficient to cause the same result.

3. Jone of the for¢ methods of hypothesis generation intensive
instruction improved the ability of the participants to generate a
significantly higher quantity or diversity of written information search
questions about a discrepant event following intensive instruction (when
compared to no intensive instruction).

4. Differentiated reinforcement only hypothesis intensive instruction

was found more effective than no intensive instruction (control group) in

promoting a higher quantity of written hypotheses after the information
seafch group discussion. There were no significant differences among the
four intensive instruction groups. Alsc, no significant differences were
detected between the other three intensive instruction groups and the
128
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control group. Therefore, intensive instruction which gives only
differentiated reinforcement to participants is significantly better

thar no intensive instruction but not significantly different to the

other forms of intensiv: instruction éfﬁer the group discussion.

5. Participaucs vho reczived the criteria (either with differentlated

or undifferentiated reiuforcement), as the rondition of hypothesis generation

intensive instruction, produced a higher quality of written hypotheses

after the group discussion than participants who either (a) received only
undifferentiated reinforcement, or (b) received no intensive instruction.
There was no <difference in the quality of hypotheses when each criteria
group was compared to the differentiated reinforcement only group. So
givirg criteria about good hypothesis formation was only more effective
than no intensive instruction or only undifferentiated reinforcement
for the quality of written hypotheses following the group discussion.
6. UYone of the four forms of hypothesis generation intensive
instruction significantly effected the diversity of questions submitted
during a group discussion when compared to no intensive instruction
(control group) .

7. The analysis of covariance indicated that those participants
who received criteria as a form of intensive instruction were not effected
by prior exposure to written nypothesis generation when this group of
participants generated a higher quality of written hypotheses than
participants who received no intensive instruction. However, the criteria
oniy participants generated hypotheses of equal quality as the participants

from the other intensive instruction groups.
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The above conclusions arce important because they indicate that a
variety of hypothesis generation intensive instruction methods can be

used to incrca

‘Lﬁ
m

e the quantity and/or quality of hrpothesis generation,

Basically, intensive instructioun which emphasizes differentiated

xe

i}

reinforcement is siznificantly better to no intensive instruction in
promotirg a higher quantity of hypotheses fo llowing intensive instruction.
Likewise, for the quality of hypotheses following intensive instruction,
either undifferentiated reinforcement and criteria or differentiated
reinforcement and criteria, or differentiated reinforcement alone are

thie most ef eeotive fornmg of instruction when compared to no intensive
instruction and only undifferentiated reinforcement intensive instruction.
Since there is no difference between the differentiated reinforcement

as an intensive instructien

o
e
o]
el
m

and criteria groups, reinforcement
nethod is sufficient to produce a higher quality of written hypotheses.
This conclusion substantiates the findings of Wright (1974) who used

only positive reinforcement (e.g. good) as the intensive instruction

condirion in his work with ninth grade students. In summary, the methods

of intensive instruction which emphasize differentiated reinforcement

(either alone or with criteria) are most effective for written
hypothesis generation following intensive instruction.

For written hypothesis generation after a group discussion, differentiated

reinforcement alone was only significantly different (better) than no intensive

instruction for the quantity of hypotheses. Further, a form of criteria
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(with differentiated or undifferentiated reinforcement) intensive instruction
was the superior method for a higher quality of written hypotheses after
the group discussion. It appears, therefore, that the effect of differentiated
reinforcement on the quality of hypothesis generation is short-term. The
previous statement is consistent with studies in concept attainment which
found that students best attain and utilize a concept by instruction methods
which allow the student to discover the concept with practice in application
(Gagné and Brown, 1961; Wictrock, 1963).

In addition, it is interesting to note that this study--unlike
previous work--utilized two forms of reinforcement. The differentiated
form anployed thr different terms (good, very good, and excellent) which
corresponded to each of three levels of acceptable quality hypothesis
generation during intensive instruction. The undifferentiated form, on
the other hand, merely utilized acceptance (in the absence of positive
terms) for contributed hypotheses which either did or did not reach a
nredetermined level of acceptability depending upon the intensive
instruction group. When each form of reinforcement is examined in
terms of the quantity and quality of written hypotheses, worthwhile
observations become apparent.

wnile no stazi§t1c31 differences occurred between the differentiated
reinforcement only group and the undifferentiated reinforcement only group
for the quantity of written hypotheses, significant differences did occur
in favor of the differentiated reinfercement only group when compared to
the control group (both after intensive instruction and the group diSG@ssiDn)
These flndiﬂgs are consistent with the work of Byers (l965) who found

positive reinkefcement (in terms of selecting correct alternat;ves)
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increases the frequency of hypothesis formation. Further, for quality

of written hypotheses, differentiated reinforcement was the important

factor for significantly better hypotheses following intensive instruction.
Although this finding did ncot canti%u% for long-term hypothesis generation,
it is crucial for short-term improvement in hypothesis generating behaviors.
ihat the preceeding discussion indicates is that undifferentiated reinforce-
ment may be useful as a precursor of differentiated reinforcement in the
shaping of quantity and, then, quality hypothesis geﬁeraticn; Tuture study
should investigate the specific effects of reinforcement (e.g. words used,
frequency) on the entire process of hypothesis generation.

The significance of the conclusions is that each illustrates that
hypothesis generation behaviors of ninth ¢rade students can be improved by
specific intensive instruction methods. The study indicatc . that students
possess the cognitive ability to formulate acceptable hypotheses and intensive

instruction further enhances these abilities.

Implications
The implications suggested by the conclusions are important because
cach offers ideas of specific value for classroom instruction.
1. 1f it is desirable to promote an immediate higher quaatity of
hypotheses about a discrepant event, then students should be given verbal
differentiated reinforcement as part of the intensive instruction.

Differentiated reinforcement is logical since it encourages students to

continue the generation of hypotheses. Giving students only criteria or :

only practice at writing hypotheses is not as effective since students

are probably hesitant to generate hypotheses which do not meet acceptable

criterin. -
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east one form of intensive instruction--reinforcement,

=

X

2. Since at
criteria, or both--is necessary to produce a higher quality of hypotheses
following intensive instruction, the implication is that students can
determine what constitutes an acceptable hypothesis either by being told
the criteria or by gaining confidence through differentiated reinforcement
to figure owut the criteria. Therefore, teaching stratezies should involve
a predeterwined level of acceptability and one of the above intensive
instruction methods. It should be noted that the differentiated reinforce-
ment intensive instruction methods improve both the quantity and quality
of written nypothesis gzeneration following intensive instruction.

3. Since both the quantity and diversity of written questions
were not significantly effected by hypothesis generation intensive instruction,
the instruction did not cause students to change their approach to isolating
variables by questioning but merely by hypothesizing. These results are
at variance with right (1974) who intensively instructed ninth grace students
by positive reinforcement (e.g. good) and by asking if they had further
hypotheses or details about the discrepant event. Further, when Wright
assessed the impact of the intensive instruction he used oral rather than
written measures. In addition, Salomon (1970), working with college
students and written measures of information search questions, found a
significant difference due to intensive instruction. The findings of
Wright and Salomon, when considered with the findings of this study,
indicate further research must be conducted to determine the effect of

hvnothesis generation intensive iastruction on information search

questioning behaviors.

4., Even after a group discussion, previcus differentiated reinforcement
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as an instructional condition, yielded a higher quantiry of hypotheses,

This implies that differentiated reinforcement gives students confidence

to generate hypotheses. It is lmportant to note that, among the intensive
instruction groups, there were no differences, but the reinforcement only
group was significantly better than no instruction. This iamplies that,
unless students receive reinforcement, the quantity of hypothesis generation
is not increascd.

5. The i:plication is strong that criteria as an intensive
instruction condition is iuportant to increase the guality of hypotheses
after a group discussion siace students could recall the appropriate
criteria., The interesting fact is that the group which received both the
differentiated reinforcement and criteria was significantly better for
quality but not quantity after the group discussion. This tends to indicate
that criteria instruction is effective due to a clear understanding of what
is expected since it does not coupete with the desire to generate a greater
nunmber of hypotheses (regardless of quality) for the purpose of receiving
praise (differentiated reinforcement).

6. The conclusion that instructicon does not enhance diversity
of group information search questioning implies again that students did
not odify their approach to isolating variables by questioning as a
result of intensive instruction. Further, in the group setting individuals
with extremely complex or evaluative questions may have been hesitant to
volunteer then due to aiverse peer pressure., XNevertheless, the differences
in hypothesis generation behaviors indicate students did improve their ability ,;}
to isolate and explain the relationship between variables. Unfortunately,
this improvement did not manifest itself by either the individual written
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or the group discussion infurmation search activities. Since the present
study only employed twenty questions--as the extent of the group discussion--
future research should attempt to determine the effect of an increasing
number of questions (e.g. twenty-five, forty, seventy-five) on the
diversity of questions contributed during the group discussion.

7. Since the effect of previous exposure to hypothesis generation
is not apparent with the participants who received criteria only for the
quality of written hypotheses, the implication exists that when students
know the criteria they can utilize additional information. It could be
these participants were not confused in their approach to solving problems.

§, Further, the successful implementation of the instructional
procedures in a secondary schocl setting impliesg that most teachers could
devise similar methods to teach hypothesis formation through intensive
instruction models.

In suumary, the implications of che present study are worthwhile
for educators to consider in planning activities to promote the goals
of inquiry instruction. In the short-term, intensive instruction which
emphasizes only differentiated reinforcement as a condition of instruction
is superior to other forms. However, for the long-term, instruction which
emphasizes criteria as the method of hypothesis generation intensive

instruction is preferable.

Recommendations
As a result of this investigation, several recommendations for
further study are inportant to mention.
1. This investigation should be repeated to see if the same

results are achieved by junior high students,
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2. This investigation should be repeated to determine if the
same results are achieved by senior high students.
3. The investigation should be repeated with individual oral

responses collected from each individual instead of written responses.

4. The investigation should be repeated using the same instructional
procedures but the group discussion should be varied in the following ways:
a. allow the students to ask as many questions as they desire
and not the twenty question limit imposed by this study,
b. combine the various intensive instruction groups during
the discussion, and
c. allow the entire class (all experimental groups) to
simultaneously participate-

5. Since development of formal reasoniug skills depends on several
factors as age and correlated to factors as grades (Sayre and Ball, 1975),
it would be interesting to assess the correlation between the various
intensive ins:truction methods which are best to utilize for specifirc
student traits (e.g. grade point average).

6. The form of stimulus for the discrepant events should be
varied. Suggested formats include: (a) live demounstration, (b) videotape ;

recordings, and (c) discrepant events where students present the discrepancy .,
gither on film or in a live setting.

7. The correlation between diversity of information search questions
and hypothesizing behaviors needs to be determined.

8. A scale should be developed to better equate information search
questioning diversity with hypcthesis generation.

9, The effect of increasing the number of acceptable hypotheses

required during intensive instruction should be assessed.

ERIC

Aruitoxt provided by Eic:




=~
[ ]
o]

10. The effects of specific reinforcement techniques should
be examined to include the following:

a, the effect of specific words (e.g. good, very good,
excellent) as differentiated reinforcement,

b. the effect of specific phrases as undifferentiated
reinforcement (e.g. I accept this hypothesis, This
hypothesis is acceptable), and

c. the effects of a nixture of reinforcement (e.g. vary
the words or phrases after each hypothesis).
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GEORGE W. AMNDERSOHM, JR. KEARL TASCHENBERBER
L

YILE PHIMHEGIBAL

UPPER MARLBORO, MD. 20870
e27-4551
Dear Parent,

Because of my interest in developing teaching methods which will enhance science
instruction, I am on educational leave from Our Public School System to pursue my
doctorate in Science Education at the University of Maryland. The purpose of my
research study is to determine ways which will help students generate better hypotheses. :

Basically, this study will not interfere with normal class instruction. The
procedures will be part of regular class activities for a few days. These will involve:

a. the random placing of students into one of five groups,

be. the presentation of a lesson to each group in a setting removed
from the classroom,

c. the participation of all the groups in a class discussion when the
students' written and verbal responses will be recorded, and

d. the analysis of the students’ responses.

The instruments that will be utilized are the Hypothesis Quality Scale and the e
Diversity of Information Search Scale. Both of these will be available for your review o
at the schoole Purther, the instruments do not refleect the science ability or potential
of your child but merely the success or failure of the study. Your child will remain
completely anonvmous during and after the study. TO INSURE THXS, NO CHILD'S NAME WILL

THERING SHEETS OR TAPES!

BE INCLUDED ON DATA G

In accordance with existing Board of Education Policy, Mr. Anderson and I are
informing and requesting permission for your child to participate. If you have any
questions, please call me at 864-8951. We would appreciate the return of this form
within a weeke.

Thank you for your cooperation.
Sincerely,

Gﬁfig Achaule:
Ph.D. Gaﬂéidy g

s University of Maryland

'—5iﬁbfiaff’7§

Andefson, Jr.

lebrge Wi
Principal

1 do give permission for my child ) , o
to participate in the above study. Name of Student

1 do not give permission for my child
(< S ___| to participate in the above study.
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The Restaurant

Knife

i
£

The

bes

The Ice Cu

Zailboat

5
k
The Cannon

The
r

’ NAR <

DATE =

[NSTRUCTIONS: Please check those items which would apply for A
each £ilm if presented to a ninth prade audience S
in a Prince George's County school.

TECHNOLOGY :

1. The sequence is easv to obserwve.

e T Oy sy S i o i e o T 4 4 s

2. The sequence is presented in an interesting manner.

- A NP p—

141

-

3. There are no major distractions which prevent students
from observimy the scquence.

CONTENT =

S S S

L cbem e & _MRe dIscrepancy is

L. The discrepancy depicted by the scquence is understandable.

i e et o e it ol s et i e, . o s

2. The discrepancy is probable a new experivnce {or the s

...... s el s s, e e e et e A

fent .

A T i —

3. It is possible to state several hypotheses which attempt
to explain the discrepancy.

4. Lt is possible to ask scveral questions which may clarify
the discrepancy so hvpotheses can be penerated.

} - - - —— B o o iy
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INSTRUCTIONS: After viewing ""The Sailboat and the Fan,'" please rate
each of these student hypotheses by using the number
that "best" fits each.

1. The boat didn't move because maybe the air wasn't in a

T certain angle,
e 2. The boat didn't move because there was not enough air to

push the boat and the fan both.
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and the second it was on low.

4. The tank of water may have been tilted the first time and
not the second.

The man may have docked the boat to something so it would nct
mova the second time.

ki

6. - Maybe the second time the fan only circulated the air around.
7. 1t could have been magic.

8. 1t could have been because of the thickness of the material
of the sails.
9. The water could have been moving the first 'time and stayed

still the second.

10. The wind from the fan was blowing at the sail and not getting
caught into the sail to make it go.

11. The ship moved the first time since the fan was moving along
with the boat.

12. The boat was not in the same position.
13. A wagnet could have been on the bottom.
14. When the fan is lifted the boat is light and can move freely. )
15. The first time the wind was not hitting the pole on the sail

and the second time it was.
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Hypothesis Quality Scale

The following was devised by Quinn (1972) and utilized by Quinn (1972)
and Wright (1974) in hypothesis generation studies. Hypotheses are rated
by the experimenter using the number that corresponds to the description

that best "fits" the generated hypothesis.

Points Clagsification

0 No explanation: for example a nonsense statement, a question,
an observation, a single inference about a single concrete object

1 Jdonscientific explanation: for example, ", . . because it's magic"
or "because the man pushed the button."

2 Partial scientific explanation: for example, incomplete reference
to variables, a negative explanation, analogy

3 Scientific explanation relating at least two variables in general
or nonspecific terms

4 Precise scientific erplanation, a qualification and/or
quantification of the variables

5 Explicit statement of a test of a hypothesis (An inference is
wade here that the child who states a test can alsc hypothesize
adequately and precisely.)
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INSTRUCTIONS: After viewing "The Ice Cubes," please rate each of these
student hypotheses by using the category that "best" fits
each.

CATEGORY :

1. ¥ere the two cubes ice?

-

2. Did each glass have the same amcunt of liquid in it

3. Did he put something in one of the cubes that would nake
it float?

4. Did he use the same temperature liquid in each glass?
5. Was the table level?

6. Did the man put a solution in the glass when he pushed ,”j
the ice cube down? S

7. Does the heat of the man's hand have any effect on the cubes? .

8. were the liquids greater than room temperature when the cubeg
were added? =

9. Was there cold air blowing over one of the glasses?
10. Jere the cubes the same weight?
11. Did the ice cubes have the same density?

12. Are both cubes fully frozen?

13. Could one glass have salt water in it?
14. Was the spoon made of plastic?

15. Did the man have something on one of his hands rubbing
off on one of the cubes? : : v

o . ) S : o
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DLVERSITY OF INFORMATION SEARCH SCALE

The following scale was devised by Suchman to determine the
diversity of questions during an information search activity. Wright
(1974) found it applicable for the analysis of questions generated by
ninth graders. Basically, a question is classified into one of the
sixteen categories. After all the questions have been classified,
mathematical manipulations make it possible to determine the diversity.

Events Objects Properties

Conditions

Verification v v v v
e o e P

Experimentation E E E E
e o c P

Necessity N N N N_
: a o c P
Synthesis S 5 S s
e 0 c P

A question is classified into one of sixteen categories which are

defined a

a.

b.

5

Lvents-—-refer to the occurance of events (e.g. Did he wipe the blade?)
Objects--refer to the nature of objects (e.g. Was the liquid wath?)
Conditions-~refer to the states of an object, in this context canditians

can vary and are defined by numbers (e.g. Was the temperature of the
water 850 F?)

Properties~-refer to properties, in this context properties do not
vary and refer to constant characteristics (e.g. Does an ordinary
knife bend when heated?)

Verification-~if the question seeks to identify or verify some
aspect of the entire filmloop sequence,

han52qugﬁgggﬁ

Experimentation-~if the question seeks to ascertain the
in thg,film?

of some hypothetical change in the experiment presented

Necessity--if the question seeks to detérnlna whether a partlcular
aspect of a phenomenon in the film was ngcessary far the autcam
(cause and effect), and L S , C

Synthesis--1f the questian seeks tc determine if a particulaf idea
theory of causation is valid and éxplains tatally ar some aspeg :
the experiment. . . T : S
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TABLE 29.—-yritten hypothessis and question values for each individual
participating in the study

aut uoal 1890 1sd” wqu®  Haa”

firoup Student FII  FIL TilL FII AGD AGD
A 1 20 0.990 02 1.0000 02 2.59
A 2 02 2.09 02 1.0006 03 2.00
A 3 03 2.33 05 0.9603 04 2.75
A 4 23 3.00 03 0.5183 N2 3.00
A S 03 2.33 05 0.9709 03 2.33
A 5 03 3.00 06 0.0000C 0l 1.00
A 7 03 2.33 92 1.0000 03 2.50
A 8 06 3.17 23 1.0000 03 3,90
A 3 Nk 3.33 04 0.8113 02 3.90
A 19 03 2.60 92 1.9600 01 3.00
A 11 05 2.00 23 1.0000 04 2.75
A 12 11 2.40 95 0.9709 04 1.50
A 13 D4 2.30 n2 0.9000 01 2.67
A 14 02 2.00 02 0.0000 04 2.75
A 15 02 1.80 25 0.9603 a5 2.27
A 16 ns 3.67 08 0.9464 01 4,00
. A 17 03 3.25 23 1.9000 03 3.33
A i8 N4 3.00 10 0.9709 02 3.00
A 13 07 3.90 03 0.0000 09 0.07
A 20 05 3.90 a7 0.8631 01 4,00
A 21 n2 2.83 09 ),3538 02 4.90
A 22 06 3.50 05 0.9603 01 3.90
A 23 02 3.80 07 0.9852 01 4,09
A 24 25 3.00 06 0.9183 07 2.586
A 23 06 2.00 06 2.9206 03 2.33
A 26 04 2.00 04 1.0002 00 5.00
A 27 02 2.50 07 0.9212 01 3.00
A 28 04 2.14 06 0.7897 01 3.90
A 3 07 3,25 08 0.9528 21 4,00
A 29 na 3.00 04 0.9464 01 3.9G
A 31 06 2.33 04 0.9464 01 2.90
A 32 03 3.25 07 0.8195 05 3.00
A 33 04 4,00 04 1.0000 05  3.60
A 34 01 2.20 03 0.9610 . 01  3.70
A 35 05 2.60 05 0.8650 01 4.90
A 36 05 3.00 23 1.0000 01 4,00
A 37 02 3.20 04 0.8113 02 3.00
A 38 04 3.60 05 0.8650 07 2.86
A 39 05 2.30 03 0.0000 02 2,50
A 49 04 3.33 N9 0.7725 01 4,00
A 41 01 1.00 a7 0.0000 01 2.00

148




132

TAsLE 29.--=Continued

. wout woa? 189 1sp’ nquw  HQA
Group Student F11 FII FII1 FII AGD AGD
5 1 02 2.00 06 0.9206 03 2,50
3 2 04 3.00 05 0.9603 03 2.33
B 3 01 2.00 04 0.0000 01 5.00
B 4 05 1.0 09 0.8289 10 2.0
B 5 05 2.40 09 0.8289 01 3,00
5 6 01 1.06 00 0.0000 91 3,00
5 7 03 2.67 04 0.8113 01 3,00
3 8 03 2.00 93 0.9133 03 3.33
i 9 05 2.80 05 0.7219 10 2.10
) 10 04 2.50 08 0.9851 11 2.00
3 11 03 2.67 03 0.9183 04 2.75
3 12 01 2.00 02 0.0000 02 2.50
5 13 03 3.33 01 0.0000 02 3.00
3 14 02 3.50 04 0.9464 2 3.50
3 15 04 2.75 06 0.9206 03 2,33
3 16 05 2.80 10 0.8174 01 4 .20
B 17 02 3.00 06 0.9206 00 0.00
s 18 04 2.75 96 0.9206 01 4.00
5 19 04 3.75 03 0.9183 07 3.90
8 20 04 2.75 02 1.0000 02 2.59
3 21 01 3.00 76 0.7897 02 2.50
5 22 02 2.50 03 1.0000 01 3.00
5 23 04 2.25 05 0.9603 02 2.00
5 24 03 3.00 99 0.8289 02 3.00
s 25 05 2.40 04 0.9464 02 2,50
3 26 04 3.25 07 0.9212 02 3.00
5 27 09 2.67 10 0.9603 06 2.33
B 28 05 3.60 06 0.9591 04 3,00
B 29 05 3.40 07 0.9141 04 2.50
4 30 05 2.80 04 1.0000 04 2.25
B 31 06 2.67 06 0.9591 02 3.50
B 32 03 2.67 04 0.9466 01 4,00
5 33 02 3.50 03 0.9183  J2 3,50
3 34 02 3.50 09 0.8764 01 4.00
B 35 02 4,99 06 0.9206 01 4.00
3 36 01 4,00 03 0.9183 01 4.00
B 37 02 3.50 05 0.7219 03 3,00
B 18 04 3.50 04 0.8113 02 3.00
3 39 02 3.50 04 0.0000 02 1.50
B 40 05 3.40 08 0.8869 02 3,00
5 41 02 2.50 04 0.0000 Ol 3.00
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TABL: 29.-~=Continued

et il sp® Hau’ A’
Group Student FII FII Fii AGD AGD
c . L 05  2.60 06 1.0009 M4 2.29
c 2 02 2.00 02 0.0009 03 2.47
c 3 05 2.20 00 2.04300 25 2.25
C 4 07 2.32 0 0.8174 97 2.7)
C 5 33 2.80 27 0.9754 4 1.75
C 3 16 3.00 10 0.9373 03 3.00
C 7 D4 3.00 (M) 1.0900 31 4,00
o g 03 2.00 04 0.9709 01 4.00
c 3 03 2.67 N2 0.0000 01 3.00
c 1 02 2.40 04 0.8764 - 21 2.00
c 1L a1 2.90 92 9.0000 03 2,33
C L2 02 2.50 V4 7.0000 04 2.00
c 1 03 1.67 24 0.8113 N2 2.0
£ 14 %3 3.32 06 7.9206 93 2.2
C 1z 25 2.32 06 7.9206 25 2,40
G 1o 02 3.0 03 0.9183 03 2.67
c 17 04 2.25 12 0.2183 20 .00
c 15 D2 3.00 34 0.8113 J4 2.73
c 1y 23 3.67 92 0.0000 5 3.00
C 27 33 3.67 03 0.2183 03 1.33
c 21 21 3.0 03 0.9183 01 4,00
c 27 52 2.09 05 9.9603 01 3.90
o 235 05 3.40 07 0.8699 03 2,8
C 24 39 2.11 13 0.7560 07 2.14
o 23 04 3,00 08 0.9528 D4 2.57
C 26 04 2.25 05 0.9603 03 2,57
C 27 05 2.60 07 0.9212 24 2.00
C 28 94 2.50 ns 0.9610 05 2.560
C 2z o3 3.33 07 0.9610 03 2,70
c 30 05 2.80 o0& 0.,7897 06 2.50
o 31 26 3.09 06 0.9206 02 3.00
C 32 a7 3.14 10 0.8567 03 3.32
c 33 06 3.50 07 9.8699 01 2,00
c 34 02 3.50 04 0.9464 00 3.00
c 33 14 3.99 15 0.9709 05 2.69
C 36 03 3.33 02 0.0000 04 3.33
C 37 05 2.00 18 0.88549 (11f 3.20
c 38 05 3.93 05 7.9603 46 3.33
G 39 o7 2.29 05 0.9759 05 3.20
C 47 04 3.00 30 ().0000 G1 " 2.00
c 41 01 4.010 G8 0.9851 04 3,25
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TAELE 29 é"'“'Cijﬂt iﬂf;cd

u° 119a°
Croup 5 tudent AGD AGD
! 1 D4 2.25 21 £),9069 92 2.50
D 2 3 2.97 04 0,0464 06 2.17
D 3 25 2.40 05 00,9603 oY 2.33
D 4 ok 2.30 03 ,9183 03 2.00
D 5 35 1.20 o7 02,9212 0 2.00
D f o Z.25 36 0,9205 0 2.67
D j 1 2.30 D4 20,0060 0 1.50
D 3 oy 2.57 o) 0,0009 90 0.00
D ) 3 2 .40 03 0.9183 03 2.00
D 14 0?2 2.50 02 1.0002 03 2.67
D 1l Sy 1.50 06 1.0009 % 2.67
D 1.2 ‘3 100 07 0.8699 04 2.25
D 13 0L 1.00 0) 10,0009 01 2.00
D 14 24 2.25 06 10,9206 0 0.00
D 13 S 2.75 09 1,0009 "3 3.00
D 16 Qb 2.50 06 0,2183 4y 2.57
D 17 1.33 ah 0.8869 9 2.00
D 18 6 2.67 8 0,946 4 9% 2.25
D L7 56 - 1.75 i 20,9477 0l 4 .90
D 29 32 3.00 03 0,9183 il 4.50
n 21 52 2.50 00 0,00¢ 01 1.00
D 2 03 3.00 06 1,0009 0 2,00
D 23 0 1.25 06 12,9133 0 2.00
D 24 b 2.25 A 1,0000 03 2.00
D 25 23 2.67 06 00,9206 ol 3.00
D 26 33 3.00 04 0.8113 03 2.00
D 27 02 1.30 23 90,0009 0 2.00
D 28 0k 2.25 il ,7328 01 2.00
D 29 04 3.00 03 0,8659 03 3.33
D 30 03 3.00 okl 09,9183 01 3.00
D 31 05 2.00 10 90,9373 02 1.50
D 32 0) 2.0 19 0,9603 0 2.50
D 33 03 2.67 05 9, 86590 04 2.25
D 34 06 1.00 06 0),7397 01 4.00
D 35 23 1.67 a7 0,9751 01 3.00
D 56 03 1.67 Q5 0,7219 03 3.00
D 37 0?2 2.00 01 0.00040 00 0.00
D 38 ol 3.00 06 0.7897 0 2.33
D 39 03 2.33 06 1,0009 03 2.32
D 49 01 2.00 02 0,2004 2 0.00
D 4l 00 0.00 02 - 00,0000 03 3.00
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TABLE 2 9.~ —C(ontd nued

Ut HQA 1s9°  1sp* wqu®  HoA®
Group Stuclmt  FII FIT FII  FII AGD AGD
£ 1 o1 1.09 02 1.,0000 02 2.00
B 2 02 1.50 03 1.0090 04 1.50
i 3 00 0.00 06 0.0000 06 0.17
c ] 05 2.20 05 0.7219 00 0.00
E 5 02 2.50 02 1.0000 01 2.00
£ 6 02 1.50 02 0.0000 01 3.00
i 7 01 2.00 96 1,0000 01 2.00
£ g 03 2.67 03 0.9183 02 2.50
£ 9 03 2.25 05 0.9709 02 1.50
B 10 03 1.00 04 0.8113 03 2.00
E 1 05 2.20 02 0.000C 01 3.00
i 12 00 0.0 02 0.0000 01 3.00
E 13 00 0.00 02 0.0000 01 2.09
g 1 03 2.33 95 0.9503 91 3.00
E 15 01 0.00 90 0.0000 01 2.00
B 16 04 3.00 03 0.0000 04 3.00
B 17 01 2.00 03 0.9183 01 0.00
E 18 05 2.25 07 0.8631 03 2.33
E 19 o1 1.00 04 0.0000 02 2.00
g 20 0l 3.00 02 0.0000 03 2.00
£ 21 ol 2.00 06 0.9206 02 3.00
B 2 03 2.33 05 0.9610 01 3.00
E 2 03 2.33 06 0.9206 03 2.00
i 24 29 1.33 04 0.9464 01 2.00
i 25 06 1.83 07 0.9852 01 3.00
E 2 03 2.50 09 0.9657 03 1.67
E 2 02 1.00 04 0,8113 02 2.00
B 2 01 4.00 03 0.9183 03 2.33
E 2 01 3.00 04 0.0000 03 2.00
£ 10 04 0.75 02 0.9G00 02 2.50
g 3 03 2.33 06 0.7897 01 3.00
B 12 02 2.50 02 0.0000 00 0.00
£ 1 0h 1.50 05 0.7219 01 3.00
B 3 02 3.50 05 0.9709 01 2.00
E 35 03 3.00 05 0.9709 04 2.25
E % 01 1.00 06 1.0000 01 0.00
i 3 02 2.50 02 1.0000 02 3.00
E 8 - ol 0.00 02 0.0000 03 2.33
B 1 03 0.67 09 0.0000 02 2.50
B 40 02 3.00 05 0.9603 01 3.00
E

41 02 2.50 03 n0.9183 01 2.00

lerpc:thgsls quantity fc:llaw:mg intensive instruction
Hyp::thésis quality £following intensive instruction
Question cuantity following intensive instruction
Question diversity £ollowing intensive instruction
Hypothesis quantity after group discussion
‘Hypothesis quality after group discussion
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