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ABSTRACT

This paper reports the procedures, results, and
conclusions of a study of the effects of two instructional strategies
on three aspects of preservice science teacher behavior: (1) the
q&mber of divergent and evaluative questions asked, (2) the
gfoportion of divergent and evaluative gquastions asked, and (3) the
total number of questions asked. The sul ~ts vere preservice science
teachers enrolled in a methods cours<. .40 instructors and two
strategies were randomly assigned to the four groups. Following
instruction, two post-tests were made, each following one phase of
instruction. Th¢y first phase included reading the instructional
program, and either categorizing or designing questions. The sécond
phase included a conference with the instructor, during which each
student discussed his questioning behavior. The investigator
categorized questions into (1) cognitive-memory and convergent, and
(2) divergent and evaluative f-om tape recordings made of 15-minute
science lessons presented by the subjects. The major findings wvere
that (1) instruction in classifying and—@psigning questions
significantly and positively affected both the number and proportion
of divergent and evaluative questions asked and (2) conferences
bet ween the instructor and the student teacher were Rore effective in
affecting the divergent and evaluative questions asked when used with
the formal instruction presented. Bibliography. (LC)
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Durpose: This jnvestigation included studying, the effects of
two instructional strateries on three aspects of preservice science
teachsr behavior: (1) the number of divergent and evaluative ques-
tions asked; (2) the proportion of diversent and evaluative questions
asked; and (3) the total number of questions asked. Both strategies
included the same programmed instructional booklet; however, the in-
struction that followed the readinr of the progranm differed among

strategies.

Procedures: A pretest was used to measure the entry behavior of
preservice science teachers in four experimental groups. Following
instruction, two posttests were made, each followint one phase of in-
struction. The first phase included readinp the jnstructional pro-
gram, a handout describins the caterories of questions, and either
sategorizing or designing questions. The second phase of instruction
included a conference during which each preservice science teacher
discussed his questioning behavior vith the instructor. A fifth group
(control) did not receive fornal instruction on gquestioning, but did
meet in conference vith the instructor and received the handout des-
cribing the categories of questions used during this study. The in-
vestirator categorized questions from audio tape recordinss made of
15-minute science lessons presented by the preservice science teachers.
For purposes of data analysis, questions were caterorized into either
of two categories: (1) cognitive-.emory and convergent; or (2) diver-
gent and evaluative.

Analysis of variance and t test were the experimental designs
used to test the significance of the variables studied. Instructors
and proportion of divergent and evaluative questions asked during the

pretest were used as covariables.

Major Conclusions:
1. Instruction in classifying questions asked and instruction in

designing questions sipnificantly and positively affected both the
number and proportion of divergent and evaluative questions asked.
2. Instruction in the use of divergent and evaluative questions
sicnificantly and negatively affected the total numher of questions asked.
3, Conferences between the instructor and the preservice science
teacner were more effective in affecting the divercent and evaluative
questions asked when used in conjunction with the formal instruction

presented durins this investigation.

Educational Importance: Vivergent and evaluative questions focus
attention on somethingy more tran recurgitation of factual information
and produce divergent and evaluative thought in students. The impli-
cation that appears to be surrested from this research is that in-
structors can use either instructional strategy to increase the use of
diverpent and evaluative questions asked by preservice science

teachers.
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Prospectus

One of the most important challenges in education has increas-
ingly become that of improving the quality and relevance of teacher
preparation. Preservice teacher preparation should make provisions
for technical skills deemed imporiant to the : lience teacher. Quest-

joning is one of the most important skills that a teacher can possess.

Educators and teachers agree that the questions asked in the
classroom should stimulate thinking. Yet, the interpretation of
collected data seems to indicate that although teachers, including
science teachers, believe they are asking thought provoking quest-
ions, they are, for the most part, asking questions which requrie

little mpre than factual recall.

This investipgation included studying the effects of two in-
structional strategies on the use of divergent and evaluative quest-
jons asked by preservice science teachers. Divergent and evaluative
questions focus attention on something more than regurgitation of
factual i-.formation and produce divergent and evaluative thought in
students.

Definition of Terms

Terms which apply to this research are defined as follows:

1. A question is any interrogative verbal action made which
has the overt intention of soliciting a response, excluding
rhetorieal yuestions.
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2. Copgnitive-memory questions elicit the simpde reproduction
of facts, formulas, and other content through such processes
as recognition, rote memory, and simple recall.

3, Convergent questions jnvolve students in analysis and/or
intepration of given or.mcnembenudkinformation or data.
These questions lead to one expected end result or answer
because the ijndividual is asked to respond within a tirhtly

structured frameworke.

4, Divergent gquestions require intellectual operations in which
the individual is free to generate his own data or information
mation on an jndividual basis. The individual is asked to
take a new direction or perspective on a given topic.

5, Evaluative questions require judgment, value, or choice
and are particularly characterized by their judgmental qual-

itye

Procedures

Description of Fopulation

Tke subjects used in this study were preservice science teacheis
enrolled in Methods of Teaching High School Science at a large mid-

western university.

g4

Instructors

—__——#

Two instructors gave instruction during this investigation.

Both instructors were doctoral candidates in science education and
1aboratory instructors in Methods of Teaching High School Scieunce.

One of the instructors was the investigestor.

Pretest

T —————————

Each preservice science teacher in the erperimental group pre-
sented three science lessons on the same topic. The pretest was the
the first science lesson taurht. The investigator categorized ques-

tions frou audio tape recordings made of the science lesson presented

by each subjecte.
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This information was used to deternine the propprtion of divergent

and evaluative questions asked by each subgect. This proportion

was determined by dividinrg the sum of divergent anﬁ evaluative ques-
tions asked by the total number of questions asked., The median split

was used to group subjects as hish and lov based on this proportion.

ff A
Asgignment of Subjects, Instructors, and Stratepies

The subjects wvere enrolled in tvo intact classes. The sub-
jects in each class were 1eveled as high and lov based on the pro-
portion of diversent and evaluative questions asked during the pre-
test. An equal number of high-ranking subjects and low-ranking sub-
jects were randomly assigned to two groups within each intact class.
This prdbedure resulted in four groups. Two instructors and the two

strategies were randomly assigned to the resultiny; four groupsSe.

)

Posttests

Two posttests were used to collect data from the experimental

group. The second science lesson was presented after administration

of the strategies. The second posttest was made during the third
science lesson.
During the interim between the second and third science lesson,

each subject in the experimental croup met, in conference, with his

laboratory instructor. The instructor and the student discussed the |
questioning practices of the student in relation to the use of di-

verpent and evaluative quesiions.




-l

The student vas advised that frequent use of diverrent and evaluative

questions in science teaching was desirable.

Conﬂﬁ?ﬂﬁGrour

A control group received only informal instruction on question-

inr. This instruction included a handout describing cate-ories of

questions and the same teacher-student conference described above.

Dats and Instrumentation

The investigator caterorized gquestions from audio tape record-

ings. These recordings were made of science lessons presented by

the subjects duringnﬁéis study. For the purpose of data analysis,

questions were categorized into either of two categories: 1. coB-

nitive-memory and converrent; or 2. divergent and evaluativee.

Strategies

Two strategies were designed by the investigator. Both included

three déys of instruction on questioning. The length of each "day"

of instruction was one hour and forty-five minutes--an equilivant of

six class hours of instruction was given.

The first day of jnstruction was the same for both strategies.

The second and third days of instruction differed.

Strategk 1
First day. The first day of instruction was designed to develop

an avareness of the value of questioning.
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Introduction to the categories of questions was also given to the
subjects by means of a programmed instruction booklet,

The objective of th:s program was to develop the ability to cate-
rorize questions %g cornitive-menmory, convergent, divergent and eval-
uative. Following the reading of the programmed instruction bookle%,
the instructor led the class in a discussion recarding the categories

of questions.

- ,
Second day. The purpose of the second day of instruction for
'&‘
Strategy 1 was to further develop the skill of classifying questions.

Recordings of science lessons vere played fron audio tapes. The

subjects listened to, cateporized and discussed the questions asked

3 . (
during: these science lessons.

Third day. The third day of instruction for Strategy 1 included
classifying questighs from audio tape recordings &nd a discussion

of the types of questions that should be asked in the science class-

roof, N
L.
Strategy 2

First doy. OSame as Stratery 4

Second dav. The purposc of Strategy 2 was to develop the ability
of eubjects:to design questicng sor iaquiry-discovery type science
classes. Each subject was givin 9 hand&%t which included problem

situations. The subjects werked ir pnairs and wrote five questions

for ench of the four catecorias of quecstions uBed during this study.

o
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Third day. During the third day of instruction for Stratepy
2, two groups of'students evaluated and cateporized the questions de-
veloped by their peers durine the previous day of instruction. The

latter portion of the class period was used for a discussion on the

use of divergent and evalvative questions.,

L &

Analysis of Data
The description of the analys{s of data is divided into two
gections: The Effects of Fo=mal Instruction, and the Differences be-

tween Formal and Informal. inziri.silov.

ne Bffects of Formal Inetnvction

. . o
Twe mean number of “diverrent and evaluative questions ¢ ed dur-
ing the pretest and two posttesis vas determined for each stralepy.

The results of this analysis ere reported in Table 1.

Table 1. Formel Instructior Y Strategies, Mean Number of Divergent
Evaluative Questions Asieds
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T ~ms ) Tnatrvction
Ppetcct 2 Feafhost 1 L Posttest 2
-——mas meme ;s W W4 ..—----;,--—-. =g s -
‘.‘5‘ ‘
Strategy 1 L. hs i 7.90 | 7.5
: 1
Strzingy 2 6.0 i 710 ’ 8.23
. : §
- —..4-—" - - @ - a—— - cnmane

—

An examination of MTable 1 perniis one %o concluce that there was

»

LJ ~ a .
an increase in the enn nu ber 6f livergent and evaluative questions

asked after forial instruction on questioning was given.
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A twoevcy analysis of soriance vith ro.eatel crsures vas uscc
1, | S .
to study- the Bystcmatic cfifccts attributadble to. ciffcrences between
each of fwo strate~ics., the cflects attributadble to forial instruct-
jon ani their intcraction effcets. It was concluded that flormal in-
struction ha? a si nificant systeratic effecct (beyonc the oCl level)
on the number of divergent and evaluative questions askc'e It was
also concluded that there vere neither Cifferenccs betveen strate-
+ies nor si~nilficant jnteraction effects on the nunber of Civegfcnt
and ecvaluative questions askecs
"he mcan pro-artion of .iver ent and evaluative qucstions
asked curingz the oretest ant tuo Leattests vas teterninec for cach

*d ve “ﬂé 4 * n
stratesy. Tﬁ&iresults of this 2nalysis are revorted 1n Table 2.

A Y

Table 2. ormal Instruction X oStrateries. - ean .rouortion of
Diver:ent and svaluative uestions iagked Y

nd e
S ——

S
-

Forma) Inntruction 4

e fretest Tosttest 1 Tosttcest 2
stratery 1 2237 3733 270
sStrategy 2 .21k91 <348k 14506

in examination of Tablc 2 nernits one to concluce that thcre

was an incrcase in the rnean ~roortion of "i ercent and evaluative

2
o

questions asked follo.in~ form=1l instruction,
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A examinstion of Table 2 weriits onc to conclu’c that there
was an increasc in thc i‘ean proportion of "iver-—ent and evaluative
questions askced follo:in instruction,

A tuo-way analysis of variance with reje: ted reasures vas used
to study the syste.:.atic cf fects attributable to 1iflferences bet:een
each of tuo stratecies, the effects attributable to formal instruct-
jon, and thelr intcraé%ion cffects., It vas concluled that formal in-
struction had a sirnificant systematic cffect (beyon? the 0,001 level)on the
pro;ortion of “iver-ent sn’ evaluative qucstions asked., It was also
concluced that thcre werc neither differences betucen stratepies nor
girnificant jnteraction effects oqithe sFgrortion of diver ent and

evaluative questions askede The neans fo1 the total number of questions
asked during the pretest and two posttest were determined for both strat-

egies. The results of this analysis are reported in Table .

Table 3. Jormal Instruction X ~trote~ies. liean Total rlumber of
‘mestions «sked. N\

~ormal: Instrucétion

Iircetcst Fosttest 1 Posttest 2
Stratery 1 20,31 20.83 15.86
stratery 2 22.77 20,43 19,03
|

An examination of Tablc 3 nermits one to conclu'e that there

vas a decrcase in the total nu ber of questions askec after formal

&
A

i{nstructions vas given.
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A two-way analysis of variance vith repeated measures was used
to study the syf -matic effects attributable to differences between
each of two strate;ies, the effects attributablé‘to formal instruct-
jon, and their interaction effects. 1t was concluded that formal
instruction had a significant eftect (beyond the .0l level) on the
total number of questions asked. It was also concluded that there
were neither differenccs betveen strategies nor significant &g}er-

action effects on the total number of questions asked.

Differences between Formal and Informal Instruction

‘Hhe two-sided t test for independent samples was used to meas-
ure thé differences between formal and informal instruction on
questioning. The formal instruction consisted of Strategy 1 and
Strategy 2. A control group received only informal instruction.
Two posttests vere made on the groups that received formal in-
struction and one posttest was made on the group that ;eceived in-
formal instruction. The variable studied was nutber of divergent

and evaluative questions asked cduring posttests. lleans, variances,

and number of subjects in each group are reported in Table U,

g
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TQS analysis of the data in Table 4 permitted the followirg con-

clusions:

1. Subjects who received Stratepgy 1 asked significantly (beyond
the .02 level) more diverrent and evaluative questions during
the first posttest of the Strategy 1 group than subjects in
the control rroup.

2. Subjects who received Strategy 1 asked significantiy (beyond
the {g@ level) more divgrgent and evaluative questions during -
the second posttest of the Strategy 1 nroup than subjects in

the control groupe. é@{

3, Subjects who received Strategy 2 asked simnificantly (beyond
the .001 level) smore divergent and evaluative questions during
the second posttest of the Strategy 2 group than subjects in

—thecontrnl group. —

e

A two-sided t test for independent samples was used to neasure the
differences between formal an®® informal instruction. The formal ih-
struction conaisted;of Strategy 1 and St??tegy 2. A control group
received only informal jnstruction. The variable studied was
proportion cf divergent and evaluative questions asked during posttests.

Means, variances, and number of subjects in eégh group are reported in
»

ok
L4

Table 5.

e
Sa
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Table B, Means and Variances of Formal and Informal Instructional
roups for Number of Diverpent and Evaluative Questions Asked.

Instruction
& Formal Informai
Strategy 1 Strategy 2 Contrél
Posttest 1 _21 1 2 1
MSan 8.030| 8.032,  7.086} 8.507 4,136
5.720 -5,250: 4.69¢ 3,842 2,748
Number 33 33 35 35 22
Table 5. Means and Variances of Normal and Informal Instructional
Groups for Proportion of Divergent and Evaluntive Questions Agked.
) ,
Instruction
Formal Informal
o ‘ Strategy 1 _ Strategy 2 Control
Posttest 1 2 "’ 1 2 1
Mean 0.389 0.416 0.338 0.425 0.278
0.199 0.236 0.189 0.198 0.186
Number 23 33 35 28 22




The analysis of the data in Table 5 permitted the following

conclusions:

1. Subjects who received Strategy 1 did not ask a signifi-
cently higher proportion of divergent and evaluative
questions when the first posttist of the Strategy 1 group
was compared to the posttest of the control group.

2. Subjects who received Strategy 1 asked a significantly
(beyond the .05 level) higher proportion of divergent and
evaluative guestions during the second posttest of the
Strategy 1 group than the control group.

3, Subjects who received Strategy 2 did not ask a signifi-
cently higher proportion of divergent and evaluative
questions when the first posttest of the Strategy 2 group
was compared to the posttest of the contro.. group,

4, Subgects who received Strategy 2 asked a significently
(beyond the 402 level) higher proportion ot divergent and
evaluative questions during the second posttest of the
Strategy 2 group than the control group,

Conclusions

The data analysis of this investigation permitted the follow~

ing conclusions:

1. Instruction in classifying questions asked and instruct-

ion in designing questions significantly and positively affected

both the number anc proportion of divergent and evaluative quests -

ions asked.

2. Instruction in the use of divergent and~evaluatitomqhnlte‘

- T S e T e Y
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ijons significantly and negatively affected the total number of
questions asked.

3, Conferences between the instructor and the preservice
science teacher are more effective in affecting the diveréont and
evaluative questions asked when used in conjunction with the

formal instruction presented during this investigation.
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Implications and Digcussion

The following juplications, thourh not complete, appear to be
sugrested by and follow from the data and conclusions of this in-

vestigation:

1. Either instructional strategy (classifying questions asked or
writing questions) can be used to increase the use of divergent and
evaluative questions asked by preservice science teachers. The
population consisted of a non-random sample of subjects from the

same mid-western university. There exists no apparent reason to be-
leive that the students enrolled in the university studied are appre-<
jcably different from students enrolled in other universities.

2. The two instiuctors who taught both instructional strateries
were equally successful in teaching each strategy. The provision of
ijnstruction increased the amount of time spent on divergentkand eval-
uative thought processes.

3, Strategy 2, which included desirning questions for a problem
solving type classroom, may be a more desirable nethod of instruction.
Althonugr. tho means for this Strategy were not significently hisher than
the means for Strategy 1, vhich included classifying questions asked,
most of the means for Strategy 2 were higher. The preference for
Strategy 2 is also based on expressed opinions of the subjects within
each of the groups, and the opinion of both instructors.

4, The instruction provided during this study jncreased the amount
of time spent on divergent and evaluative thourht processes during,

the science leesons taught. This implication was based on:
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A gignificant increase in the y.>portion of divergent and eval-
uative questions asked; and 2. a significant decrease in the total
number of questions asked. The increase in the proportion of di-
vergent and evaluative questions asked sugrested that proportionately
more time was spent on these kinds of thought processee as represented

by the responses given. Gallagher (1965) has shown that a light in-

crease in the number of divergent and evaluative questions asked pro-

duces a much larger number of divergent and evaluative responses.
Since the investigator has shown that the total number of questions
asked was less after instruction on questioning, it seems to follow
that there was a very large increase in the divergent and evaluative
thought processes a3 represented by student responses.

The inference that more time was spent on divergent and evaluative

processes was also based on the type or answer that is given to these

~ types of questions. Cognitive-memory; -nd convergent responses are

often shorter than those given to divergent and evaluative questions.
The latter types of questions more often permit many possible responses

and usually more¢ than one-vord answers,
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Recommendations

The following recommendations were made from the objective evalu~
#tion of the data and the investisator's subjective familarity vith
the study.

1. Collegiate science methods instructors shoula consider the use of

one or a combination of L:-%h instructional stratepies described in

this study.

It would be meaningful to test the assumption that either strategy or
a combination of the strotepgies could be successful in improving the
habits of questioning of other preservice gcience teachers.

2. The effects of either and/or a combination of the strategies
should be investigated for different populations. for example, in-
struction on questioning should be given to inservice science tea-
chers, elementiary school teachers, preservice elementary school tea-
chgfs, methods students of other disciplines, and teachers of other dis
disciplines.

5. Both instructional stratesgies usded during this investigation
included six class hours of instruction on questioning. An attempt
should be made to determine if similar results could be obtained after
three to.four hours f instruétion. This may be accomplished by either
compressing the content of instruction and/or by assigning the read-
ing of thelgrogrammed instructional booklet outside of the escheduled
class time. Although subjects read the instructional program during
class, there is no reasoin to believe that this reading cennot be

completed outside of class time.,
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A dix |
Two Pages From Instructional Program ,

Divergent questions tend to increase gtudent pargicipabibh:andg
more active, thinkinge Which of the following questions:is di-"
vergent. (Note: when gselecting your answer, consider the roe
sponses that could be given in a classroon situation.)

What things might increase the growth of a seedling?
(turn to page 48)
What are the three things that increase plant growth?

(turn to page 49)

The question, "What things might increase the growth of a seed~
1ing?" 1s divergent. You are correct. The teacher who asks
this kind of question is likely to get many responses from stu-
dents. Some students who respond to this kind of question may be
those who are afraid to answer questions for which there are pre=
scribed answers. Many students do not, under normal classroom
situations, answer questions because they fear getting the wrong
answer, DBy asking divergent questions, a classroom situation may
be oreated in whieh the.fear of giving wrong responses may be
partially eliminated,




Bibliography

Gallagher, J. J. _Productive thinking in gifced children. Co-
operative research project, No. 965, Urbari, Illinois:
Unzversity of I1linois, Institute on Exceptional Children,
1965.

Guilford, J. P. The structure of jntellect. Psychological
wl et 9 19561 531 267"2930

Konetski, L. C. Instructional effect on questions asked by pre-
gervice science teacherg. Unpublished doctor's dissertation.
Blgomington. Indiana: School of Education, Indiana University,
1969.

Vygotsky, L. S. ‘Thought and lanruapge. (Ed, & trans. by) E. Han-
fmann & G, Vaker, Cambridge: MIT Press, Massachusetts Instit-
ute of Technology, 1962.

Waetien, W. B. Learning and motivotion implications for The
teaching of science. Science Teccher, 1965, 32, 22-26

Watson, F. G, The teacher of science, in Secondary school teacher,
byGE. Stabler. lMiddletown, Conn. :lesleyan University Press,
1962.

.Q\‘i




