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A COMPARISON OF THE EFFECTIVENESS OF THREE
TEACHING METHODS IN HIGH SCHOOL BIOLOGY

CHAPTER I
INTRODUCTION

Background for the Study

Teaching is an activity which is both complex and

fvariable. The activity varies with the subject, students,
;teacher and his purpose, class size, room and equipment, and
éamount of time allotted the class. However, in any given
fsubject the instructional activities of a teacher usually
?tend to conform to certain plans or patterns which are refer-
red to as special methods of teaching.

v The concept of methods of teaching is very broad and
{includes everything the teacher does inside or out of the
%classroom that affects learning and over which the teacher
;has some control.

| Various methods of teaching have had ardent supporters
‘and just as ardent critics. Not always have attempts been
imade to evaluate claims on an objective basis., Too often the

prevailing criteria have been teachers' judgements and a

‘priori judgements.
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| How to teach is supplementary to what to teach. Chief
gemphasis, under traditional procedures, has been placed upon
gsubject matter, but increasing concern is being given to
;method. The classroom itself obwviously provides the best
ilaboratory for examining methods of teaching and many studies

i
iof method have been made in various fields.

1
{
1
!
!

In a discussion of recent trends in research in science
education Blick reports that fewer studies have been made in,
science teaching in recent years, more emphasis being placed:

on procedures for serving student need.

In the field of science education new emphasis has
been placed on the measurement of the results of instruc-
tion. This trend has been due in part to the deficiencies
] in the present educational system that have been revealed
by the war emergency, and to a more critical attitude of
the better prepared teachers of science. For too long
| changes have been proposed in methods of teaching and or-
ganization without valid experimental evidence that such
changes would be improvement.l

It is a logical conclusion from available evidence
jthat the worth or lack of worth of a teaching method in one
ésubject does not necessarily predict its value in another
ésubject. Many educators are ready to test the value of var-
;ious methods experimentally on the basis of separate subjects.
%Theoretically a good case could be built for many methods.
?The arm chair theorist could weigh the pros and cons and tell
.us that a particular teaching method appears to be valuable
iin certain classes such as language, social studies, or sci-

ences; or with certain groups such as elementary or secondary

lpavid 7J. Blick, "Recent Trends in Research on

'Science Teaching," Education LXV (March, 1945), p. 394,
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school students, Hec might even give us valuable intformation

(D

on the use and misuse of the method.

it is important for school teachsrs to evaiuate their
teaching methods objectively before discarding clder or more
established methods of teaching for newer or more thecretical
ones. Studies of teaching methods should be the basis for
proposed changes in methods.

It is very difficult to control ail of the variables
in any experimental study involving classroom behavior. How-
ever, if improvement in teaching is to be accomplished, com-
parative experiments must be conducted subject by subject and
method by method in the actual classrooms where these methods
are applied. This study attempts to compare the effective-
hess of three methods of teaching high school biology:

(1) lecture-discussion with reading of text outside of class,
?(2) lecture-discussion with textbook reading in class, and
‘(3) lecture-discussion with no assigned textbook reading in

or out of class.

Review of Related Research

Among the early experimental studies of teaching
methods is one recorded in 1918 by Wiiey who stressed the
fact that in the field of chemistry, in particular, noc exper-
imental studies had been made on either subject matter or
methods of teaching. He used three groups of eight students

each and compared the following three methods: (i) textbook
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method, using no apparatus--ihe students read the material
and the teacher questioned them immediately upon its comple-
tion, (2) lecture method--the teacher did the talking and
questioning of thes students who hadn't read the lesson pre-
viously; there was teacher demonstration of laboratory work,
(3) ilaboratory method--the students were given problems with
directions to guide their solution; the teacher also used
questions to aid the students in grasping principles.l

For his criterion of superiority of knowledge aequis-
ition and retention he used tests of chemistry information.
pne of these was given immediately after the ccompletion of

ﬁhe experiment and another was given one month later. He

i
equated his groups of junior and senior high school students§

—

pn_the.basis of a pretest in chemistry and physics grades

%ince all the subjects had completed a course in thsics.

% The results indicated the textbook method to be Sup—é
gericr on immediate recall followed in order by the laboratorf
iethod and lecture method. After a month, the laboratory |
?ethcd showed superiority over the text and lecture methods.
fhe textbook method required iess time to compliete the teach-
‘ing units than the lecture method which required less time
than the laboratory method. Considering the time spent in

instruction the textbook method yielded best results for

lwilliam H. Wiley, “An Experimental Study of Methods
in Teaching High School Chemistry,* Journal of Educational
Psychoingy, IX {(April, 1918), pp. 181-198.
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immediate reprocduction. For permanent results the laboratory
method was slightly better but the time taken was far greater
than for either other method.

In 1923 Kiebler and Woody reported a comparison of
individual laboratory and demonstration methods of teaching

1 The difference in these two methods was that the

physics.
first group was guided by a ilabcratory manual and worked in-
dividually or in groups of two while the second group devel-
oped the methods of procedure in class discussion without a
;laboratory manual and observed the performance of the exper-.
.iment.
; The students had been equated on the basis of intel-é
iligence. Further requirements were perfect attendance and |
gan attitude conducive to good work. Each group did seven
Eexperiments by the laboratory method and seven other EXperi-z
?ments by the demonstration method. The students were given f
;tests of immediate knowledge, delayed recall, and a test of
how to apply principies,

The authors report that the demonstration group did -
as well or better than the laboratory group in all three
types of tests given but the difference is "very small.®

The individual method was better in certain types of

experiments especially those difficult to perform or in which

lE. W. Kiebler and Clifford Woody, "The Individual
Laboratory versus the Demonstration Method of Teaching Phy-
sics," Journal of Educationai Research, VII (January, 1923),
ppP. 50-98. S o




-“:7no help was- glven to the laboratory group outsmde of wrltten

”h77th1rteen experlments. Both groups were graded on tests which

6

+
19

are 1s required to see the exact procedure. The auth-

(g

gres
ors suggest that the method used shcuid depend on the nature
of the experiment, Where the twc methods ylelded equal re-
suits it was suggested that demonstration be utilized as it
was less expensive of time and equipment and produced enthus-
iasm from the class working together.

Cunningham reports a study of laboratory versus lec-
ture-demonstration methods in the natural sciences.t He did .
&he study in 1924 using ten pairs of tenth grade biology stuf
Qents equated on the basis of intelligence and school gradesi

These>5tudents did twelve experiments. In these experiments

linstru tlons..“He had prefv don'“afpllot experlment in-

,;whlchaheaused two classe5~eqna~e .1n the same ‘manner as was

rused for the ten palrs of students.w,Ihggg;stqqgntsyhad dene

)
{
i

were given after the exercises. The results of these tests

( E
of immediate knowledge favored the lecture-demonstration group.
| In a follow-up study three months later the same stu%

@ents were asked to write all they knew of the exercises wheﬁ

2

bnly the topics of the exercises were given to them.“ The

lHarry A. Cunningham, "Laboratory Methods in Natural
Science Teaching, I,* School Science and Mathematics, XXIV
(October 1924), pp. 709-715.

' 2Harry A. Cunningham, "Laboratory Methods in Natural
Sc1ence Teaching, II," Schooi Science and Mathematics, XXIV -

(November, 1924), pp. 848-851,
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raboratory method produced greater retention on delayed re-
cail. Cunnincham suggests that each experiment should be
tested to see whether it is best taught by demonstration or
1aboratory methods.

In 1922 Cooprider noted that much time had been de-
voted to discussion of the relative efficiency of different
teaching methods, but regretted that there had been too little
objective measuring or comparing of methods.! He used forty-
two sophomore biology students and twenty-four laboratory
exercises in comparing four methods of teaching. The methods
‘he used in the order of greatest achievement results are:

(l) individual work with oral instruction, (2} demonstratlon‘
*work with oral instruction, (3) demonstration work with wrlt-
ten instruction, and (4) individual work with written 1nstruc-
Etlon. The methods were evaluated on the basis of written |
?reports over the exercises but the differences in group
achlevement were not statistically significant.

In another study he used twelve exercises, sixty- elght
ésubjects and completion-type tests at the end of the eXper1-5
‘mental period and again one month later.4 The author conclu;

ded from the comparison of these test results that for

13, 1. Cooprider, "Oral versus Writtea Instruction and
Demonstration versus Individual Work in High Schooil Science,"
School Science and Mathematics, XXII (December, 1922}, pp.
838-844,

23, L. Cooprider, "Laboratory Metheds in High School
Science,” Schoo: Science and Mathematics, XXIII (June, 1923)
pp. 526-530.




RS |
LIRS}

5
immediate retention the best results were achleved with oral
instruction and with demonstration of experiments. For de-
layed retenticn the individual work produced greater gain.
Demonstration work was better with oral instruction and in-
dividual work better with written instructions,

In the field of high school chemistry, Nash and Phil-
lips undertook an experimental evaluation of three teaching
methods.! The first method, called the pupil method, allowed
each student to cover the course material at his own speed.
The teacher method was a lecture-demonstration method in
Mhich the instructor covered all the material for the studenés
.In the third method, which was called the combination method
there were lecture, demonstration, laboratory and reultatlonx
gcomblned. For subjects he used fifteen pairs of pupils equa7
;ted on the basis-of mental ability. He used an author con- ;
gstructed test to measure achievement in chemistry. The re- ?

sults indicated that in acquiring information, the teacher

method in high scheol chemistry was superior to the other twé

mechods. The authors state that there may have been informa-

‘tional gains made under the pupil method which the test did |

not attempi to measure as the experiment was limited to the

acquisition of certain definite fundamental information.

Lucow compared learning arising from textbook centered

‘H. B. Nash and M. J. W. Phillips, "A Study of the
Relative Values of Three Methods of Teaching Hiagh School
Chemistry,*” Journal of Educational Research XV (May, 1927),
pp. 371-379.~ e ,
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approaches in high school chemistry.! The experiment was run
separately for each of the two populations: thirty-six accel-
erated students who followed a college preparatory course

and twenty-four non-accelerated siudents taking a course not
sufricient for university entrance. An author constructed
test was used for pretest and post-examination in order to
compare the mean achievement and increases in variances with-
in each of the groups. Objectives stressed by the test were
recall of basic concepts, appiication of concepts and prin-
ciples, and comprehension and interpretation. Both methods
gproduced statistically significant changes in mean achieve-
hent of the groups. :
; In determining the effect of these methods of instrué-
ftlon upon individual differences Lucow found that the non-
’accelerated group profited more from the laboratory approach
slnsofar as increase in variance of the group was concerned. ‘
Acrelerate1 pupils as a group made statistically 51gn1f1cant
increases in variance under both methods with the laboratory
Eapproach producing greater variation. The author recommended
;that the laboratory apprcach be used for all pupils since
with this method both accelerated and non-accelerated groups

increased in variance indicating greater emphasis upon indiv-

idual differences.

lwllllam H. Lucow, “Est&matlng Comoponents of Variation

in an Experimental Study of Learning," Journal of Experimental
Education, XXII (March 1954}, pp. 265- 271
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in comparing experimental and demonstration methcd:
in college physics laboratories, Kruglak used the came .sc-
ture, text, assignments, hours of wecrk, experiments, and in-
structor for both the control and experimental groups.i Une
group did the experiments which were demonstrated in the
other group. The initial status of the students was adjusted
by analysis of covariance. He found that the demonstration
methed was as effective as individual experimentation in ac-
quiring knowledge of physics as measured by his tests.

Johnson equated two groups of high school biology
students on the basis of intelligence.2 He had each of thesé
.groups do three series of eight experiments, one. series in |
;each of the following three ways: demonstration,"individual%
ilaboratory, and group experimentation. The demonstration |
‘group made the greatest achievement on his tests but the dif}
ferences among the methods were not statistically significan?.

Anibel, in comparing the lecture-demonstration and |
individual laboratory methods, equated thirty pairs of stu-

dents on the basis of intelligence and used examinations of

lHaym Kruglak, "A Comparison of the Conventional znd
Jemonstration Methods in the Elementary College Physics Lab-
oratory," Journal of Experimental Education, XX (March, 1932),
pp. 293-300.

2Palmer O. Johnson, "A Comparison of the Lecture-
Demonstration, Group Laboratory Experimentation, and Indiv-
idual Laboratory Experimentation Methods in Teaching High
Schocl Biology," Journal of Educational Research, XVIII
{September, 1928), pp. 103-111,
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1 i !
ccignd e

information as a basis of measuring success.

o

gave the same lecture to both groups, but cne group had in-
dividual experimentation whereas the other had demonstratioens.
Although the differences in these experimental groups are not
statistically significant, he concluded from this investiga-
tion that gains favored the lecture-demonstration procedure
in regard to immediate retention. Indications favored the
individual laboratory procedures on delayed retention.
Balcziak studied the relative effectiveness of demon-
;stration,combined demonstration and individual laboratory,
éand individual methods of doing laboratory work in a general
geducation physical science course.2 He used a controlled

|
i
rand analysis of variance and covariance. The one hundred

\modern experimental method with 2 X 3 randomized block design
gforty-four students were assigned at random to six sections |
Efor the study which was of one year duration. He measured
?three values--scientific information, laboratory performance;
éand scientific attitudes. Each of the methods yielded sig-

‘nificant gains in scientific information and laboratory

| lFred G. Anibel, "Comparative Effectiveness of the
Lecture-Demonstration and Individual Laboratory Method,”
 Journal of Educational Research, XIII (May, 1926), pp. 355-
- 365.

2Louis W. Balcziak, "The Role of the Laboratory and
Demonstration in College Physical Science in Achieving the
Objectives of General Education* (unpublished doctoral dis- .
sertation, University of Minnesota, 1953), quoted in Herbert
A. Smith, Chairman, Third Annual Review Committee, “Third An-
‘nual Review of Research in Science Teaching,® Science Educa-
tion, XXXIX (December, 1955), p. 362, -




12
performance, Only with the individual method was there a
significant gain in scientific attitudes. There was no sig-
nificant difference in the means among the several methods in
the three values measured.

Rulon studied the affect on learning of listening to
stories on phonographic recordings compared with reading the
story.l Initial gains were in favor of the reading group,
but in retained gains {ascertained by a test one week later)
this group was not significantly superior to the listening
group. In other reports of similar research he reports con-
iflicting results so that neither procedure was proved more
ieffective.2'3
‘ Fox analyzed pupil errors on standardized science
itests in an effort to discover better teaching techniques for

‘general science, 4 He then used three techniques (demonstra-3

i
)
z
i
§
ition, stressing major ideas, and teaching vocabulary) to
(

lPhlllp J. Rulon, et al., "A Comparison of Phonograph-
1c Recordings with Printed Materials in Terms of Knowledge
‘Gained Through Their Use Alone," Harvard Educational Review,
XIII {January, 1943}, pp. 63-76.

2Ph1110 J. Rulon 2t 2l,, "A Comparison of Fhonograpn-
.ic Recordings with Printed Material in Terms of Knowledge
Gained Through Their Use in a Teaching Unit," Harvard Educa-
‘tional Review, XIII (March, 1943), pp. 163- 175,

3Philip J. Rulon, et al., "A Comparison of Phonograph-
ic Recordings with Printed Material in Terms of Motivation to
Further Study," Harvard Educational Review, XIII (May, 1943},
Pp. 246-255,

4Truman D. Fox, ®"The Discovery of Better Tcachlng
Techniques for General Sciesnce,"™ Science Education, XIX

(February, 1935), pp. 9-12.
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reduce these errors 1n experimentai ciasses. Both hich and
low inteiiigence groups in which these were emphasized did

4+

better than the control groups in subsequent tests.

Research on the value of motion pictures in science
teaching indicates they have worthwhile contributions to make
to the educational process, In one study, Wise used five
schools each of which had two biology classes taught by the
same instructor.l The students were given a pretest over the
films used and the Cooperative Biology Test. ©ne class of
geach teacher saw the films and the other class did not. The:
Istudents were then given a post-test over the films and the
§Cooperat1ve Biology Test to measure achievement. The method§
%of analysis of covariance was used to evaluate the differences

|
’between control (non-film) and experimeéntal (film) groups as.
revealed b{ both tests. From this experiment Wise drew the |
I
ffollOW1ng conclusions:
| The use of a reasonable number of sound motion pic-
tures which are closely related to the content of a semes~
ter's work in high school biology may materially enrich,
or add to, pupil learning as measured by tests adminis-
tered at the end of the semester, without detracting from
normal pupil accomplishment as measured by a valid and
reliable standardized test also administered at the end
of the semester.
In a somewhat similar experiment comparing educational

sound motion pictures and equivalent teacher demonstration,

Harold E. Wise, ”SUpplemen ary Contributions of Sound
Motion Pictures in High School Binlogy," Science Education,
XXXIII (April, 1949), pp. 206-213,

'—2&:1&'.'; p. 213.
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omith Ccunciuced that the twe methods were of equal merit -
instructionat devices in ninth grade general science clacses
when they inc.uded essentis.iy the same materiai insofzr zs
merit could be determined by the techniques emplcyed in his
investigation.l

Jayne experimented with showing films as an integral
part of the learning unit as opposed to their showing inci-
dentally some time before the formal class study to which
they pertain.2 In this study he used thirty pupils in gen-
eral science classes and twenty-seven geography students.
‘The difference in informational learning produced using inte%
‘grated films was twenty-one per cent greater in geography ana

i

Eforty-four per cent greater in general science than occurred!

{
H i

%with incidental film presentation. These gains are statisti%
fcally significant. Evidence indicates that film contributiob
gincreases as the degree of integration of film and unit con-?
‘tent increases.

| An experiment by Andexrson and others utilized films
'in three teaching methods with over four hundred students ini

sach method.3 The three methods of treatment were as follows:

lHerbert A. Smith, ®A Determination of the Relative
Effectiveness of Sound Motion Pictures and Equivalent Teacher
Demonstration in Ninth Grade General Science," Science Educa-
tion, XXXIII (April, 1949), pp. 214-221.

2C1arence D. Jayne, "The Integrated Versus the Non-
Integrated Use of Moving Pictures in the Classroom," Journz:
of Experimental Education, V (September, 1936), pp. 7-16.

3Kenneth E. Anderson, et al., "Toward a More Effective
Use of Sound Motion Pictures in High School Biology," Science
Education, XL (February, 1956}, pp. 43-54,
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{i) control--no fiims or films of the teachers' own choice
were used, (2) experimental--films with teachers' own prepar-
ation were used, (3) experimental--films were used bolstered
by the emphasizing of principles covered or stressed in the
fiims, 1In the last experimental group the teachers were given
a list of principles to stress before and after the films,
Random procedures were used to choose the schools for the
study from the schools in the state with an enrollment from
one hundred to two hundred students. The students were put
into the methods groups by the same procedure. Each of these
-groups was divided into subgroups representing the lower,
middle, and upper third of the intelligence rating of all
fstudents in the study. A standardized biology test was used%
ffbr a pretest and post-test measure of achievement., The ex-?
‘periment was conducted for one school year.

Films used in conjunction with the stressing of prin;
ﬂciples produced greater achievement than the film method which
was better thag the conventional or control method. However,
:the differences in achievement between the‘three treatment
groups (holding intelligence test scores and preiest scores
constant) were not statistically sigmificant,

In regard to increase of variance of the groups from
pretest to post-test the group which had films with the
stressing of principles produced greater variance than the
t1im group with the teachers' own preparation. This last

group produced greater variance than the group which had no
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fiims or fiims of the teachers’ own cholce.

Jayne studied the values to learning and retention of
lecture using diagrams, charts, and the blackboard as compared
with silent films with no introduction or comment by the
teacher.l Each of these methods covered the same material and
required thirty minutes for presentation. He found the lec-
ture method superior on immediate test results and on delayed
retention tests following three week and fifteen week inter-
vals.
| McGill reported an experiment designed to measure the
?effectiveness of homework in social studies.? He used one |
%hundred-eighty-five pairs of students matched on the basis of
éthe Cooperative Test of Social Studies Abilities and intellié
ggence scores determined by the Terman-McNemar test. A preteét
iand a final test were inen to measure achievement. The |
gauthor reported there was no statistically significant dif-
§ference between the groups in achievement, although the non-f
éhomework group had the higher mean achievement., He interpre-
éted this as indicating that in the field of social studies it
‘made little difference whether or not homework was assigned

.as far as achievement was concerned.

lClarence D, Jayne, "Studies of the Learning and Re-
tention of Materials Presented by Lecture and by Silent Film,"
Journal of Educational Research, XXXVIII (September, 1944),
pp. 47-38.

r

27ames V, McGill, ®How Valuable is Homewocrk?" Hig
Points, XXXII (September, 1950), pp. 48-53.

”
| 20
.
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Gchiller devisea a questionnaire in regard to the pro-
cedures used by students in getting their homework.l She ad-
ministered this to one hundred seventecen students in the top
ranking class in the seventh, eighth, and ninth grades and
found that the amount of copying in doing this homework was
33 per cent, 46 per cent, and 82 per cent, respectively, for
the three grades. She believes that, despite the current
emphasis by many teachers on assigning homework with the ex-
pectation that research procedures will be learned, these
data do not support any hope that homework encourages children
itb look up unknowns on their own, |
g In an experiment in which one high school class in ?
éeconomics was taught without homework and another was taughtg

f

gwith it, Schneider found 1ittle difference in achievement,

?but felt there was greater opportunity to use directed studyé
gand open book techniques in the class that had no homework.zg
| In 1956 Boeck reported a study in which he sought to
{compare the effectiveness of three methods of teaching in

developing understanding of ninth grade general science pu- '

.pils.3 The methods were discussion-demonstration without

lgeile Schiller, "A Questionnaire Study of Junior High
School Students! Reaction to Homework," High Points, XXXVI
{June, 1954), pp. 23-36.

25amuel Schneider, “An Experiment on the Value of
Homework,® High Points, XXXV (April, 1953), pp. 18-19.

3Clarence H. Boeck, *The Relative Efficiency of Read-
ing and Demonstration Mesthods of Instruction in Developing
Scientific Understandings,® Science Education, XL (Maxch,
1956), pp. 92-97,
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reading aboutl the exerclises, discussion-reading without dem-
onstratlion, and discussion-reading-demonstration, He used
sixteen science classes taught by eight teachers and messured
resuits on an achievement test, & non-verbal performance test
and an attitude scale. The unit of study was mirrors and
mirror images. He used four periods of instruction between
pretest and post-test. There were no statistically signifi-
cant differences in the final achievement test scores for the
three methods or in the retest scores eight weeks later. On
;the attitude scale the reading method without demonstration
gwas regarded with least favor by the students while the dem-f

lonstration method received the most favorable reaction.

i
i Bent divided a class of fourteen pupils into two }

gequivalent groups according to sex and a group mean classifif
fcation of mental, educational, chronological ages, general E
gscholarship and scores on the Otis Classification Test.l He§
Eused two methods of instruction. Each group used one methodf
?for six weeks and then changed to the other method for six :
%weeks.

‘ The experimental group had no regular textbook but
used several texts as supplementary sources., They determined

their own units of work and experiments. Complete freedom

was allowed them during the class periods and no task was

lRudyard K. Bent, "Comparative Effectiveness of &
Freedom Method and a Conventional Method of Teaching High
School General Science,® School Science and Mathematics,
XXXIII (October, 1933), pp. 773-116. o e




‘one immediate recall test and the control group was superiorg
on retention tests, the differences were not statistically |

ésignificant.

scd upon ihem,

The controi group used a text and iaboratery manual
and were assiuned whatever the experimenta! group elected to
do. The instructor demonstrated experiments which the pupils
observed and about which they made written reports.

Three units were studied and tests were administered,
then the groups rotated for three more units followed by
tests. Delayed recall tests were administered after a lapse.
of two weeks and another after three months,

Although the experimental group excelled on all but -

I

|
i
|
1

Need for the Study !
The need for a study of the value of the methods of

‘teaching in high school biology has grown out of the fact
‘that there are groups of people, including both educators
and parents, who think differently about the relative effect-

iveness of the different procedures.

As far as could be determined no studies have atitemp-
ted to compare simultaneously three teaching methods in high
school biology in terms of knowledge acquired in relation to
intelligence and reading abiiity of the students involved,
Many of the methodological studies have been conducted using

only two methods, smail groups, different teachers and
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Too often the studies have peen conducted in an arti-
ficial environment--selecting sma:: groups of special students
or using equipmenl notl readily avaiiable to the average science
teacher. This reduces the effectiveness of the studies as far
as the usefulness of their results to the teacher in the actual
classroom is concerned,

In a recent review of research in science teaching
Anderson et al. state, "Yet, as you read the descriptions of
current research in our field, note that the findings do not;

&eflect natural settings to the extent desirable, and thus
ul

mave limited applicability in our science teaching.
E

I In another review Hurd expresses "disappciniment co
|
c

ul

J
l
$
erning available research on the effectiveness of the diffe ;
gnt teaching methods commonly used in classrooms. !

?' It is believed that the interests of public educatlon
would be better served if more were known than is now the case
concernlng methods used at present in teaching high school

biology. Use of larger experimental groups in the same scho&l
éystem with the same teacher for a longer experimental perio&

than has often been used should add to the usefulness of such

-Kenneth E. Anderson et 2i., "Second Annual Review
of Research in Science Teaching,™ Science Education, XXXVIII
(December, 1954), p. 333.

2paui Deh Hurd, "The Educational Concepts of Secondary
School Science Teachers,™ School Scisnce and Mathematics, LIX
(February, 1954), p. 89,
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a study It is believed tnat such information would be heip-
ful to biology teachers, science supervisors and coordinators,
and to various organizations of science teachers. The prin-
cipal purpose of the present study is to provide such infor-

mation.

The Problem

The purpose of this study was to compare the effec-
tiveness of three teaching methods in high school biological
science as measured by acquisition of biological knowledge
fin relation to intelligence and reading ability of the stu- i
fdents. The three teaching methods are:
| . 1. Lecture-discussion plus reading of the assigned
gtext outside of the class period.

f 2; Leéture-discdssion plus reading of the assigned |
%text during the class period with no outside reading assign-§
?ments. ‘

3. Lecture-discussion with no required reading and
;no assigned textbook. ‘
| In the teaching of high school biology the practice
.of lecturing during the class hour and assigning supplemental
-or text reading outside of class on a homework basis has long
been practiced in American high schools. The practice of
reducing the cuiside assignments and using class time for
this reading reguirement has been a more recent addition to

teaching method. The effectiveness of teaching high school
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_____ qy without requirea reading material whether inside or
outside the class period has not been definitely established,
The present study attempts to provide information on this

point,

Delimitation of the Problem

This study is designed to compare the effectiveness
of three teaching methods used in high school biology. It
is expected that the results of such a study in a particular
subject area are principally of value to teachers in that
‘particular subject area and do not offer conclusive evidence.
?in other fields of study.

; Another limitation of this study is that only tenth

grade high school students were utilized as subjects in the

1nvestlgatlon. This study was also llmlted to one public |
hlgh school. |
| This study is concerned with increase in blologchl
;knowledge. Attention is given to reading ability and 1ntelli-
%gence of fhe students in connection with the knowledge ac-
quired in the public high school as taught under the three
‘different methods.

Definition of Terms

Throughout this study, certain terms are used to con-
vey specific meanings which should be clearly understood by
the reader. To avoid misinterpretations, the following terms

are defined:
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including all devices the teacher utilizes to encourage learn-

ing by his students,

Lecture-Discussion. The teacher assumes the principai

responsibility for discussing the designated educational ma-
terial in an extended discourse. During or after completion
of the lecture the students clarify and expand their informa-
tion through asking questions, participating in discussion
and general examination of the topic. The teacher also asks
‘questions to stimulate interest and focus attention on the
gproblem at hand.

\ Outside Reading. The classroom schedule requires
%that assigned readings from the assigned textbook be done
;outside the class period with no time allowed during class
fmeetings for this activity. This group is designated by thé
fsymbol L-0 throughout'this study. t

Inside Reading. The classroom schedule is set up to

_provide a period of time for the students to do their reading
assignments from the assigned textbook inside of or during
‘class meetings for this activity. The symbol for this group
using lecture with inside reading is L-I.

| No Reading. The classroom schedule requires no text-
book and no material is assigned to be read either inside the
class period or outside of it, This group is identified by

the symbol L-N.



CHAPTER II
METHOD OF RESEARCH AND TREATMENT OF DATA

Method

The experimental method of research was used in the
present study because this method is best suited to the na-

.ture of the problem and the data needed. !

Nature and Sources of Data

There are three sources of data involved in the stud&.

1
I

51 e., the scores obtained from the following tests:

1. Otis Quick Scoring Mental Ability Tests, Gamma AMQ

2. Diagnostic Reading Tes{3

3. Nelson Biology Test (Forms A, and B,) pretest
4

‘and post-examination.

-

: lcarter V. Good and Douglass E. Scates, Methods of
Research {New York: Appleton-Century-Crofts, Inc., 19954),
pp. 689-725.

2prthur S. Otis, Otis Quick Scoring Mental Ability
Tests {New York: World Book Company, 19373.

3Committee on Diagnostic Reading Tests, Diagnostic
Reading Tests Survey Section, Form A (Chicago: Science Re-
search Associates, 1947),

P
m
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4Clarence H. MNelson, }
Worid Book Company, 1951).

ioiooy Test {New York:

N
D
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securing the Informatlon

The subjects of this study were the students regqular-
ly enrolied in the first semester of biological sciences at
the College High cchool in Bartlesvilile, Uklahoma, during
the fail of 1952, The enrollees in this subject are princi-
pally sophomores. The few junior and senior enrollees were
not included in the experimental data so that the groups would
be more homogeneous. The school uses no particular devices
such as intelligence grouping or pretests of achievement to
schedule pupils in these classes. Biology is not a required

.subject at this particular high school.

The investigator taught the six classes of biology |

Ewhich were assigned by lot to the three experimental groups,,

.two classes in each group.

! In the first group, Lecture-Discussion with Outside‘
gReading (Group L-0, N = 53), the students were given fifty-
§five minutes per day in lecture-discussion. This group had :
ififteen reading assignments from the textbook during the

‘period of the study. The length of these assignments ranged

ment, The materiai contained in the text was covered in the
‘lecture-discussion periods for all three groups. Reading
éssignments were scheduled throughout the semester so that
the students might read the material prior to its treatment

in the lecture~-discussion periods.

The second group, Lecture-Discussion with Reading




tn tne Class Perivd (Group L-1, N = %6, was allowed agproxi=-
mately twenty-four minutes of class time a week in order to
o

-~
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complete the rca assignment, The rezding perieds ranc

«K)

in length from 10 to 25 minutes per reading session with an
average of 1.50 reading periods per week and an average of
16.22 minutes per reading period. The reading periods varied
in length of time since some topics or chapters require more
discussion and less reading; therefore, after some assign-
ments have been read, the discussion may last a few days.

The third group, Lecture-Discussion with No Reading
‘Required (Group L-N, N = 52), had fifty-five minutes per day

.0of lecture-discussion. This group had no textbook and were

1
i

Enot required to do any reading outside or inside the class
gperiod. |
T The experimental period was twelve weeks in length,
gDuring this period there was a total of fifty-five feaching_
days. Ten of these days were utilized for collecting and dié-
pensing general information and for pretests and post-examin}
ation. Two days were needed for unit tests or semester exam-
inations necessary for grading purposes according to school
policy. Three days were used for film presentations and eight
days were used in laboratory periods. The laboratory periods,
which were the same for all groups, utilized the entire class
period and no text reading was done on lztoratory days.
Fourteen days were used in lecture-discussions which were

the same for all experimental groups. The iectures covered
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the text material which the two reading ygroups were expected
to read. The discussion which accompanied these lectures
centered around the student questions and comments concerning
the lectures and reiated materiai. Questions by the teacher
were used to ascertain the clarity or completeness with which
the material had been grasped by the students, |

Eighteen periods were used by Group L-I to do their
reading assignments, The remainder of each of these periods
was used for the lecture-discussion which duplicated that of
the other two groups except in the questions asked by the
éstudents.
% The same textbook and readings were assigned to both
%eading groups and the same discussion topics were used for
fall groups. These topics were developed in the lecture-dis-
écussion periods as concurrently as possible even though the
%ethods of assigning reading work were different.
' The same objectives (i.e., acquisition of biological
%knowledge and understanding, ability to recognize cause-effeét
Erelaticnships, ability to interpret data and draw conclusioné
?therefrom, problem solving, and evaiuation of experimental
?procedures) were set up for the three groups and were empha-f
sized in reading materials and lecture-discussions,

At the beginning of the experimental period the sub-

jects were given the Otis Quick Scoring Mental Ability Test,

Diagnostic Reading Test and the Nelson Biology Test to deter-

mine the amount of inteliigence and reading ability and-the-
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amount of biclogical knowledge present betfore training under

the various methods. An alternate torm of the Nelson Biolegy

Test was administered at the end of the experimental periad
tc determine the amount of achievement of knowledge in biology.

The Nelson Biology Test has seventy-five multipie

choice items and requires approximately forty minutes to ad-
minister, This test was chosen because it has sufficient

reliability and validity for this type of study and was con-
structed to measure the objectives which biology teachers

;seek to achieve, These are in essence the objectivgs listed§
éabove. %
; Two forms of the Nelson test were used to minimize é
épractice effect. Every other student in each class was giveé

§an A or a B form of the test to eliminate any help from neig%-

fbors during the test. The students were encouraged to do ;

i

?their own work and to do their best on all the tests. The
?teacher was always in the room during the testing and gave
ffull attention to the testing procedure and those being
itested.

' The studentis were not familiar with the pretesting
‘technique and were told that the tests would help the teacher
discover how much biology they already knew and with what '
areas they were unfamiliar, thus the emphasis on material
could be arranged to make the course more interesting to
them. No student took the same form of the test twice; i.e.,

if he took Form A-as a pretest, he took Form B for the




post-examination.
Since the comparative study was not of a nature which

. or parents, it was
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deemed advisable to make no mention of the fact that a study
was being made. This should have helped to keep conditions
more like those found in the normal classroom.

The Diagnostic Reading Test was used as a measure of

reading rate and comprehension so that better and poorer

readers could be compared in relation to the amount of ac-
;quisition of biological knowledge in each of the three exper}
’imental groups. ;

The Otis Quick Scoring Mental Ability Test was given

so that results could be used in comparing the students in

i the upper and lower portions of this intelligence group with

fthe amount of knowledge acquired in biology under the three

. ! :

fteaching methodologies.

| In an experimental situation of this nature where the
gexperimenter is permitted to administer different methods oﬂ
%teaching to different public school classes, but must use th?
'classes as they are already organized (since reorganizing
“them into matched classes would introduce conflicts in the
students' daily schedules) it seems impractical to attempt
control of concomitant variables (such as the students' in-
telligence scores and reading ability scores) by direct

seiection of subjects. Such selection of subjects also

—tends-to-reduce the effectivenessof -the-findings since the :
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normal classroom population may be altered,

Therefore, since experimental contrci of the variables
appears impractical, the experimenter must reiy upon statis-
ticai comparison of the groups to test their initial equality.

Statisticai procedures utilized in this study include
the “t" test which is used to test the differences between
means of the experimental groups in regard to the pretest
data. The "t" test is also used to test the differences in
.the group means of the post-examination as weil as the mean
éimprovement within the groups, .
% For a complete discussion of the technique and methoé
gused the reader is referred to its treatment in statistical

%bobks such as the one by Tate.l

lMerie W. Tate, Statistics in Education (New York:
The Macmillan Cempany, 1995), = .




CHAPTER III

PRETEST RESULTS

Initial Status of Pupils

The experimental groups are compared on intelligence,
reading abilities, and biology information scores to determine

~their comparability on the results of the pretests of theseé

}

fabilities and knowledges. The appendix lists the Otis I.Q. : .
éscores, reading rate and comprehension scores, and the biol-g . E
fogy pretest scores for each pupil. The scores are listed in
;these tébles in the same order as the students were alpha- ?

‘betized in the teacher's record book. With this procedure 5

student's score appears in the same position on each of the :
tables of pretest and post-test data. The scores have been -
placed in groups according to the experimental teaching pro-
cedure used., These same tables report the mean score and
standard deviation for each group aleng with the mean and

standard deviation for the entire student sample.

Intelligence Test Sccores

Inteiligence test scores for sach subject as measured

by the Ctis Luick Scoring Mental Abiiiiy Test are found in

31
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ne Appendix., The mean Otis I.0. score for the 161 students
in the entire sample is ;04,17 and these scores range from

76 to 133, Those with cutside reading assignments, Group
L-U, have a mean score of 104.81 and an 1.Q. range of 7% to
130. The mean score for Group L-1 is 103.36 and the range

is 76 to 133. Group L-N, the group having no reading assign-
ments, has a mean score of 104,58 and a range of 77 to 124

1.Q. points,

Reading Comprehension Scores

Reading comprehension scores of the 161 subjects are

found in the Appendix. They are recorded in raw score form

i
f !
‘as measured by the Diagmostic Reading Test and range from 14{
|

%to 95 for the entire student sample with a mean score of
561.88. The mean score for Group L-O is 61,30 with a range
iof 16 to 94. Reading comprehension scores yiéld a mean scor;
%of 60.77 and a range of 28 to 90 for Group L-I. Group L-N |

‘has a mean score of 63.67 and a range of 14 to 95.

Reading Rate Scores

Reading rate raw scores as measured by the Diagnostic

‘Reading Test for the 161 subjects in the experiment are re-

:ported in the Appendix. The mean for all groups is 58.7%
.and the range from 20 to 124. The mean reading rate for
Group L-O is 60.81 with a range of 20 to 124, Group L-I
has a mean score of 56.36 and a range of 28 to 89, and Grecup

L-N has-a-mean-reading rate of 59.10 with a range of 26 ic E5.
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.00y Fretest Scores

Cz

Two forms of the Neison Bioiogy Test, forms Am and B ,
te

I o N
Qo

wers used in this experiment and the scores are reper
standardized scores rather than in terms ct raw scores.
Biology pretest data are reported in the Appendix.
The scores for the entire student sample range from 61 to 142
witr a mean of 98.85. Group L-O has a range of 65 to 142
with a mean of 101.51. Group L-I has a range of 71 to 130
with a mean of 96.61, while Greup L-N has a range of 61 to

2130 and a mean of 98.56.

Significance of Pretest Data

Figures 1 through 4 contain frequency pdlygo 1s show-:

1ng the distributions of the Otis I.Q. scores, reading rate

and comprehension, and biology pretest scores. The distri-

rbutlons are slightly skewed, but according to Edwards, “The

‘consensus . . . is that no serious error is introduced by
inon-normallty in the significance levels of the F-iest or of
%the two-tailed t-test."l

: The Critical Ratio was used to test the difference
Ebetween group means in the study. The formula from Tate is

~

‘as follows:<

lAllen L. Edwards, Experimental Design in Psycholog-
ical Besearch (New York: Rinehart and Company, 1950},

p. &%,

2Merle W. Tate, Statis tion {New York:

The Mzcmillan Company, . 1955,_”
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Fig. 1.--Superimposed frequency polyaons
showing distribution of Otis I1.Q. scores for
groups L-0, L-I, and L-N.
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Scores
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92-94
89-91
86-8¢
83-85
80-82
77-79
74-76
71-73
68-70
65-67
62-64
59-61 wx--"

Frequency 0 1 23456 7

Fig. 2.--Superimposed frequency polygons showing
distribution of Diagnostic Reading Test--comprehension

scores for groups L-0, L-I, and L-N.
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38- 40
35- 37
32- 34
29- 31
26- 28
23- 25 I
20- 22 §

Frequency 0 1 234567829

Fig. 3.--Superimposed Frequency polygons showing
distribution of Diagnostic Reading Test--rate scores
for groups L-O, L-I, and L-N.
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119-121
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59- 61
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Fig. 4.--Superimposed frequency polygons showing
distribution of Nelson Biology Test--pretest standard
scores for groups L-0, L-I, and L-N,.
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difference between sample means minus
Ca = hypothesized difierence beiween popuiation means,
0T standard error of difference between means

where CH is the Critical Ratio.

The Critical Ratio of the difference of the means was
applied to the pretest data to determine if the differences
in the means between groups was great enough to question the
assumption that all the cases in each group were randomly
seiected from the same or similar populations,

The Critical Ratio values resulting from this test
of the significance of the differences between the means of
the experimental groups in regard to the pretest data are
reported in Table 1. This table also contains the means andi
gstandard deviations of the pretest data of the experimental g

' ‘groups, the differences in the means, and the standard errorf

‘of the difference.

The actual formula used in making these tests ig:l

Xp - X2

2 2
\ ®u * Ouy

X; and Xp are the means on the various tests of the

experimental groups, respectively, and Gﬁ plus 6@ is the
1 2

standard error of the difference in means for these groups.

The standard error of the mean is 6§y = 6 , where is
YV N-1

11bid., pp. 434-435,



COMPARISON OF EXPERIMENTAL GROUFS
ON FRETEST DATA

T«n
[ o '®)

T

-
Le L

_ _ Diff. | o ¢
X S.D. X $.D. | in Dife |"C.R.*
Means *
L-0 | (N=53) | L-I | (N=56)
1.Q. | 104.81 | 13.00 |103.36 | 13.40 | 1.45 | 2.542 | .57
R.C. 61,30 17.96 60.77 16.11 .53 3.304 .16
R.R. | 60.81 | 22.32 | 56.36 | i1.19 | 4.45 | 3.443 | 1.29
E.T. | 101.51 | 15.75 | 96.61 | 14.32 | 4,90 | 2.915 | 1.68
L-0 (N=53) L-N (N=52)
1.Q. (104,81 | 13.00 |104.58 | 10.61 .23 | 2.336 .10
R.C. | 61.30 | 17.96 | 63.67 | 18.47 | -2.37 | 3.590 | .66
R.R. | 60.81 | 22,32 | 59.10 | 12.96 | 1.71 | 3.587 | .48
B.T. |101.51 | 15.75 | 98.5 | 14.04 | 2.95 | 2.938 | 1.00|
|
L-I  |(N=56) | L-N |(N=52) |
.Q. |103.36 | 13.40 |104.58 | 10.61 | -1.22 | 2.339 | .52
.C. | 60.77 | 16.11 | 63.67 | 18.47 | -2.90 | 3.377 | .86
R. | 56.36 | 11.19 | 59.10 | 12.96 | -2.74 | 2.360 | 1.16
T. | 96.61 | 14.32 | 98.56 | 14.04 [ -1.95 | 2.755 | .71
*The C.R. values are not significant at the 5 per |

;cent level of confidence.

the standard deviation of the distribution and N is the number

of students in the experimental group.

No significant differences were found between the

means for Groups L-0, L-I, and L-N on intelligence, reading

comprehension, reading rate, and biological knowledge,

This

indicates that the means for these groups as measured by the

Otis Quick Scoring Mental Ability Test, the Diagnostic Read-

ing Test, and the Nelson Biolegy Test, respectively, are not

significantly different.
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POST-TEST RESULTS

The Gain in Information

The post-test of biological information was given at
the end of the twelve weeks experimental period. Each stu- .

5dent was given the Nelson Biology Test, an alternate form

from that taken during the pretesting. The aim of the test-
:ing was to determlne if there were dlfferences between teachs

ing methods in regard to acquisition of subject matter as |

i
I
is
l
{
Pe
t
! !

;measured by this standardized biology test. The post-test

éﬁes given under the same experimental conditions as the pre-

;tests. {

The biology post-test scores are found in the Appen-é
d1x with the individual scores in the same order as the pre-%
‘test scores. The Nelson Biplogy pretest and post-test meansg
iahd standard deviations for the entire sample and for each ‘

of the experimental groups are reported in Table 2.

The post-test mean of the Nelson Biology Test for the

total sample is 108.03 with a range of scores from 71 to 142,
Group L-O has a mean score of 109.68 with a range of 77 to
141 while Group L-I has a mean score of 106.48 with a range

40
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TABLE 2

NELSON BIOLOGY FRETEST AND FOST-TEST MEANC
AND STANDARD DEVIATICONS

Group L-0 L-1 L-N
Pretest Mean 104 .81 103,36 .04.58
Standard Deviation 13.00 13,40 10.61

Grand Mean 104.17 S.D. 12,45

Post-test Mean 109.68 106.48 108.02
Standard Deviation 15.52 13.51 11.27

Grand Mean 108.03 S.D. 13.62

{of 78 to 133. Group L-N has a mean score of 108.02 and a
érange of 71 to 142,

! Test for Significance
| The differences between means for the various groups.
gwere tested for statistical significance using the "t* testi
gfor correlated data.l The "t" values obtained from testing?

Ethe significance of the differences between the biology

lAllen L. Edwards, Expe_.mental Design in P
‘ical Research (New York: Rinehart and Company, 195
pp. 168-170.

ycholog~
; .

S
Gi,

(X1 - X2) - 0

I x?
n{n-1)

s the difference between the pretest [X;)

) means and ¥x2 is the sum of the squares

s between pretest and post-test scores; and
f individuals in the sample.

where (X} - X2) i
and post-test (Xo
of the difference
n is the number o




are reported in Tabie 3,

testing

472

The null hypothesis was used for

the differences in these means.

Since the

" t"

values

obtained were significant beyond the .0Z5 level of confidence,

the nuil hypothesis of no difference in the means is rejected.

This indicates that each of the teaching methods produced sig-

nificant gains in biological knowiedge as measured by the

Nelson Biolcgy Test.

TABLE 3

pemn =

w—

. TESTS OF THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN
PRETEST AND POST-TEST MEANS, NELSON BIOLOGY TEST

i
i

= —————— ==
? N Pretest S.D Post-test S.D Mean Sa?‘ ngw %
| Mean M Mean *Fe I Diff.| : *

oM Diff, |

1-0 53| 101.51] 15.75| 109.68 | 15.52]8.17 |1.334 | 6.14%,
L-1 56{ 96.61{ 14.32] 106.48 | 13.51[9.87|1.247|7.91%|
L-N 52| 98.56| 14.04| 108.02 | 11.27[ 9.46 | 1.210 | 7.82%

*Significant beyond the .025 level of confidence.

The critical ratio was used tn determine whether or ?

not any of the three methods, lecture plus reading texts

outside of class, lecture plus reading text during class

period, and lecture with no reading of text, produced greater

improvement in biological knowledge.

critica!l ratio values are reported in Tabie 4,

The mean improvement for each o5f the groups and the
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TABLE 4

COMFARISON OF MEAN IMPROVEMENT
IN BIOLOGICAL KNOWLEDGE

i1

Diff, S.E.
in of CR
Means Diff.

Pretest Pretest -
Mean s.D. N Mean D

53

53

L-0 L-I

8.17 9.62 56 9.87 9.25 .25 1.826 .14
L-0 -N

8.17 9.62 52 9.46 8.64 .16 1.801 .09
L-I L-N |

9.87 9.25 952 9.46 8.64 .21 1,737 .12

¢

sxgnlflcant at the .05 level of confidence.

*None of the Critical Ratio values in this table is |

i
i

i
H
f

gcritical ratio values is significant at the ,05 level of

' gconfidence. Thus the null hypothesis is sustained. This
éindicates that no one teaching method used in this study was
jsuperior to any other teaching method, as measured by the

;Nelson Biology Test.

In order to determine if any of the three teaching

methods was superior for either high or low intelligence,

high or low reading comprehension or high or low rate of

reading, each group was divided on this basis. Then the

mean scores of these two classifications were tested for

significance of a difference.

The upper and lower portions of the intelligence,
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reading comprehension and reading rate classifications were
obtained by taking all the cases that lay outside one-half
standard deviation above and one-haif standard deviation be-
iow the mean for each of the groups. The one-half standard
deviation dividing point was used to divide the groups more
equaily, or to spread the groups out more equally.

Table 5 shows data for all three teaching methods
with subjects grouped on the basis of high and low I.Q., high
and low reading comprehension and high and low reading rate.
The difference between pretest and post-test means for the
‘various groups respectively, were tested for significance.

: When the students within the three teaching methods
%groups were classified on the basis of high and low I.Q.
gscores, it was found that the "t" values yielded statistic- f
fally significant differences between pretest and post -test }
%means for all teaching methods with the exception of the lOW‘
;intelligence group utilizing the lecture with no reading of |
:text. However, in this group the "t" value approached sig-
nificance. In the reading comprehension group, significance
was shown on all groups except low comprehension, utilizing
lecture and outside reading and low comprehension using lec-
ture and no reading of text. On the reading rate grouping
ail methods of teaching showed statistical significance for
students in the high and low ciassifications.

Comparisons are made of the relative effectiveness

of the three teaching methods, (1) for students in all groups
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TABLE 5

TESTS OF THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN NELSON
BIOLOGY PRETEST AND PUST-TEST MEANS CLASSIFIED BY
INTELLIGENCE AND READING SCORES

S.E
Pretest Post-test . Mean v wen
N Mean S.D. Mean -D. Diff. of t
- Diff,
I. Q. Grouping
U-L-C 18 115.39 11.53 123.78 11.42 8,29 2.781 3.02%
U-L-I 18 109.00 10.40 119.33 8.46 10,33 3.129 3.30%
U-L-N 19 107.73 12,10 119.47 9.39 11.74 3.244 3.62%
1-L-0 16 90.12 12.70 99.06 13.98 8.94 3.996 2,24%
1-L-I 18 86,39 10.78 93,78 9.83 7.39 2,830 2,6l%
L-L-N 13 83.61 10.37 89.92 11.66 6,31 3.207 1.97
| |
Reading Comprehension Grouping %
U-L-0 21 112.52 12.47 120.33  7.01 7.81 2.472 3.16%
U-L-1 21 107.71 10.54 117.57 9.25 9,86 2.755 3.,58*%
U-L-N 20 108.45 10.57 119.15 9.93 10.70 3.206 3.34%
L-L-0 17 86.82 8.89 94,64 10.17 7.82 3,753 2.08
L-L-I 20 86.3% 10.65 93.75 9.85 7.40 3.022 2.45*%
L-L-N 14 85,07 10.08 91.00 12,21 5,93 3.065 1.94
Beading Rate Grouping
U-L-O 14 113,29 13.67 121.29 13.23 8.00 3.080 2.60*%
U-L-I 16 105.50 14,65 115,37 11.04 9.87 3,203 3,08%
U-L-N 14 105.35 13.04 116.14 12,06 10.79 3.314 3.26%
1-L-0 19 89.95 12,51 102.42 14,90 12,47 3.946 3.,16%
L-L-I 20 88.45 9,19 97.20 12,23 8,75 3.154 2,77%
L-L-N 18 90.39 12.18 98.22 14,71 7.83 2,733 2.87*

*Significant beyond the .025 level of confidence.

who were in the high inteiligence classification, (2) for

students in all groups who were in the low intelligence class-

ification, and the data is presented in Table 6.

The #t®
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TABLE 6

IN BIOLOGICAL KNOWLEDGE

FOR STUSENTS OF UPPER AND LOWER INTELLIGENCE

Diff.

NoPTREESt g5 o FRRISSt bl in T gif et
_ Means
U-L-0 U-L-1
18 8,39 £.06 18 10.33 £.10 1.94 2772 .70
U-L-0 U-L-N
18 8.3 8.06 19 11.74 7.68 3.35 2.664 1.25
| U-L-I U-L-N
ﬁs 10.33  8.10 19 11.74 7.68 1.41 2.672 .53
{ L-L-0 L-L-I |
l6 894 12.87 18 7.39 9.20 1.55 4.002 .39,
§ L-L-0 L-L-N |
16 8.94 12.67 13 6.3 9.3l 2.63 4.274 .62
| L-L-I L-L-N
18 7.39  9.20 13 6.31 9.3l 1.08 3.494 .31

' *None of these "t" values is significant at the .05
level of confidence.
Qalues resulting from these six showed no statistical signif-
icance for any teaching method with either the high or the
low intelligence groups.

Table 7 compares the relative effectiveness of the three
(1) for students in all groups who scored

teaching methods,

high in reading comprehension, and (2) for siudents who scored
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TABLE 7

COMPARISON OF IMPROVEMENT IN BIGCLCGICAL KNCWLEDGE FOR
STUDENTS OF UPPER AND LOWER READING COMPREHENSION

Diff
, Pretest Pretest - Lo S.E. *
N 5.D. N 3.D. in : “ew
Mean Mean Means Diff.
U-L-0 U-L-I

2 7.81 8.00 21 9.8  7.70 2.05 2.483 .83
U-L-0 U-L-N

21 7.8L 8.00 20 10.70  9.30 2.89 2.784 1.04

_ U-L-1 U-L-N

21 9.8 7.70 20 10.70  9.30 .84 2.74L .3l

| L-L-0 . L-L-I

17 7.82 12,95 20 7.40 11.02 .42 4,107 .10

| L-L-0 L-L-N '

17 7.82 12.95 14 5.93  9.47 1.89 4.168 .45,

; L-L-1 L-L-N ‘

20 7.40 11.02 14 5,93  9.47 1.47 3.645 .40

: *None of these "t" values is significant at the .05 |
ievel of confidence. :
iow in reading comprehension. The "t® values resulting from
these six comparisons showed no statistical significance for
any teaching method with either the high or the low reading
comprehension classifications. |
Table 8 compares the reiative effectiveness of the

three teaching methods, (1) for the students iu each of the
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TABLE &

STUDENTS OF UPPER AND LOWER READING RATE

COMFARISON OF IMPROVEMENT IN BIOLOGICAL KNOWLEDGE FCR

Means
U-L-0 U-L-1
14 8.00 7.99 16 9.87 7.90 1.87 3.0l12 .62
U-L-0 U-L-N
14  8.00 7.99 14 10.79 5.89 2.79 2.753 1.0l
U-L-1 U-L-N
16 9.87 7.90 14 10.79 5.89 .92 2.613 .35
L-L-0 L-L-I
19 12.47 11.53 20 8.75 10.78 3.72 3.674 1.0l
' L-L-0 L-L-N
19 12.47 11.53 18 7.83 8.3l -4.64 3.383 1.37
| L-L-1 L-L-N
20 8.75 10.78 18 7.83 8.3l .92 3.190 .29

level of confidence.

*None of these "t vaiues is significant at the .05

experimental groups who scered high in reading rate, and {2)

for students who scored low in reading rate.

The "t" values

resulting from these six comparisons showed no statisticai

significance for any teaching method with either the high or

the low reading rate classifications.

In testing the hypothesis of no significant difference
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between the biclogy pretest and post-test means when these
data are grouped according to the upper intelligence and read-
ing comprehension and reading rate test scores, the hypotheses
were rejected. Students in these upper ability groupings made
improvement in biological knowledge which was statistically
significant at the .025 level of confidence regardiess of the
method of teaching which was used.

In regard to the students in the lower ability group-
ings, the null hypothesis of no difference between the pre-
test and post-test means is rejected in all but three in-
'stances. In the lower intelligence classification students
in Group L-N fail to make gains in information which would
ébe statistically significant at the .05 level of confidence.§
?In the lower reading comprehension grouping both Group L-O |
Eand Group L-N fail to make gains significant at the .05 levei
jof confidence, 1

Only the students in Group L-I made gains in informa-
tion which were statistically significant at the .025 level
of confidence in the lower portions of all three of the abilé
iiy groupings, intelligence, reading rate and comprehension.

The teaching method which did not use a textbook was
not effective in this study with students in the lower intel-
ligence and reading comprehension groupings. The method re-
quiring outside reading assignments did not result in suffic-
ient acquisition of information in the lower reading compre-

hension group.
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No mcthod has been proven superior in producing gain
in amount of biological knowledge among the mere inteiligent
students or those with better reading rate and comprehension,
The same situation is true of the poorer students in regard
to these abilities in as far as can be determined by the
tests used, the time limit imposed on the experiment, and the

statistical procedures applied.




CHAPTER V
SUMMARY AND CONCLUSIONS

Summary

This study was designed to compare the effectiveness
of three teaching methods used in high school biology. These
methods are lecture-discussion with reading assignments to
be done by the students outside of the class period, Group
L-0; lecture-discussion with reading assignments to be done ;
‘inside the class period, Group L-I; and lecture-discussion ‘
;uith no reading assigned or expected since no textbooks were;
.given to the students in this group, Group L-N.

Six biology classes were randomly assigned, two
classes each, to the three experimental groups. There were
161 tenth grade students in these classes. Intelligence
tests, examinations of reading comprehension and reading
rate, and biology information were given as pretests. An
zlternate form of the biology information test was given as
a2 post-test. The experimenter administered all the tests
and taught all of the classes.

Results of the Critical Ratio test indicate there

were no statistically significant differences between the

51
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means of the three groups, L-0, L-I, and L-N, in intelligence,
reading comprehension, reading rate, and bislogy subject mat-
ter information. Thus the experimental groups were considered
initially comparable in regard to these factors.
At the end of the twelve weeks experimental period

each student was given an alternate form of the Nelscn Biol-

ogy Test. The Critical Ratio test of significance of the
difference between the mean biology information pretest and
post-test scores revealed that each of the experimental teach-
ing methods had resulted in a statistically significant in-
crement in biological knowledge. The difference between the:
pretest and post-test means were significant beyond the .025
‘level of confidence. ‘
Another purpose of the study was to determine if
either of the methods proved superior for students who scoreé
high or low in intelligence. For this purpose the students j
who scored one-half standard deviation above or below the
mean were considered the upper and lower portions, respective-
ly. When the students were grouped according to scores on
intelligence tests, the upper group made gains significant
at the .025 level of confidence under each of the methods;
the lower group made significant gains at the .025 level of
confidence under each method except the one which did not
use textbooks.
When the students were grouped according to reading

comprehension scores, the upper group made significant gains
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under each method; but both the group with outside reading

assignments and the group without textbooks failed to make
significant gains in the lower portion.

when classified according to reading rate, both the
upper and lower ability portions made gains significant at
the .025 level of confidence under each of the methods.

In the lower portion of each of the ability groups,
gains significant at the .025 level of confidence were made
by Group L-I, lecture plus reading of text in class. 1In the
lower portion of the intelligence classification, Group L-O,
iecture plus reading text outside of class, also made gains
significant at the .025 level of confidence.

i Students in the lower reading comprehension classifi%
zcation did not make gains significant at the .025 level of |
;confidence in the group with reading assignments outside of
?class. Students in both the lower intelligence and lower
freading comprehension classification failed to make gains
:significant at the .025 ievel of confidence in the group that
had no reading assignments,

Aithougnh the more intelligent students and those in

the upper reading comprehension classification seemed to have

been able to produce significant gains in information with-
oﬁt the use of textbooks, the students in the lower intelli-
gence classification and those with poor reading comprehension
did not produce significant gaiﬁs in information without text-

books. Xor did the students with poor reading comprehension
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make significant gains when given reading assignment: outcide
of ciass.

The students in the upper ability classifications
without books produced as much mean improvement as the other
groups, but those in the lower ability classificaticns always
produced a slightly smaller mean gain than the other groups.
Taking a biology ciass without a book may be a chalienge to
the students with better abilities, but it appears to be a
hindrance to the students in the lower intelligence and read-
ing comprehension ciassifications.

.Tﬁé difference in the mean amount of improvement be-
;tween'groups was tested with the Critical Ratio test of sig-‘
§nificance of the differences of independent sample means to ;
idetermine if the gains in information produced by one group
were significantly greater than those produced by another |
;group. At the .05 level of confidence, there existed no sta-
tistically significant differences in the mean amount of im-
provement in biology information among the teaching methods.

Apparently, none of the three experimental methods is suffic-

iently superior io produce a mean improvement which is statis-
e tically significant over that produced by another method, at
least in as much as we are concerned with mean accomplishment
of the experimental groups as a whole,

Even when ths groups were divided into upper and
lower intelligence, reading comprehension and reading rate

classifications and compared for mean amount of improvement
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no <tatistically significant diflerences were revealed within
the .05 ievei of confidence,

The amount of gain from biolocgy pretest mean te post-
test mean for each of the groups 1s as foliows:

Group L-O g.17
Group L-I 9.87
Group L-N 3.46
Total Sample 9.1t

Aithough the differences in these group means are not
significant, it is interesting to note that the greatest gain
‘has been made by the group which did their reading assign-
ments inside of the class period. Having shortened their
;lecture period in order to have time for the reading period,
fthey made gains in information slightly greater than those
who utilized the entire period for discussion of the topic.
f;Of course, differences this small could be attributed to
gchance.

The least amount of gain was shown by the group which
;utilized the entire period for discussion and questions per-
Ttaining te the various topics and in addition was expected
to do their reading assignments outside the class period.
This, in effect, gave Group L-0 a time advantage of a full
class period of lecture-discussion plus whatever time the
students wished to take from their study halls or other time

outside of ciass to read the assignments. This could be an

indication that the assignments outside &f class are not
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s reguiarly or as thorouchly as a teacher might

a

expect they would be.

Croup L-I was provided study time within the class
pericd wnich shortened their discussion periods, but the stu-
dents could (though they were not encouraged to do sc) read
or study the assignments outside of class if they so desired.
If it is reasonable to assume that many of the students in
Group L-0 did not study as much outside of class as the teach-
er expected, it is reasonable to assume that the average stu-
dent in Group L-I would not have done much of the extra study
%either. Although certain of the students may have felt that
'SpEClal treatment was provided them (by giving them study
%tlme within the class period) and therefore have been W1lllng
gto do the extra unexpected outside reading, it is more llkely
%that the student having once read the material in class and é
grealizing that it would be discussed later would not take hié
;own time to reread much of the material. v
A The investigator also feels that some of the students
;may read their assignments as the lecture-discussion is tak-
'ing piate and that by providing time before the lecture for
-this reading, the student is left free to devote his full
‘attention to the discussion rather than to both the reading
and the discussion at the same time.

For the group without a text, which would normally be

considered quite a disadvantage, to achieve as much as another

group which was provided texts and regquired to bring them
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Lo ciass 1s an interesting tinding ot this study,

The very newness of the idea of taking a course with-
out a textbook or required reading assignments ouilside of
¢lass may have encouraged students to work harder. Possibly
a twelve week period was not long enough, but newness oI an
instructional plan could surely not explain the results coming
from a period this long.

Without a textbook the class was more dependent on
the classroom activities, wall charts, models, demonstrations
i(which were the same for all classes), and the lecture-dis-
écu551on than were the other groups which could depend partlal-
!ly upon the textbooks they had been provided. Although the %
;lectures were the same for each of the classes, at least in é
Eas much as it was humanly peossible for the teacher to make |

them so, the discussion part depended upon the questions

,asked by the students and upon their comments. The group

fw1thout textbooks seemed to ask more questions, often asking
for repetitions and correct spelling of words. This took

.much of their discussion time, but was indicative of more

-

note-taking than appeared to be true of classes who could
rely upon their books for this information.

It is possible that some of the students in Group 1-N
may have been guided in their note-taking by the questions
of the better students and thereby have been more specific
or selective in their notes. Having only notes to study and

no textbook;, a student with.a good set of notes covering ihs
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most important topics would have less material to review and
iearn than one dependent upon the complete chapter or unit
ef a2 textbook. However, this does not appear to be true zI
the poorest of the students, since those in the lower porticn
of the intelligence and reading comprehension classificaticns
did not make significant gains in information from pretes:
to post-test in Group L-N.

Although the differences in the mean amount of im-
provement between the groups do not reach a point of statis-
‘tical significance, at the .025 level of confidence, certain
5trends are in evidence.

In the upper portion of the entire student sample,
gconsidering the data as divided by intelligence, reading
?comprehension, and reading rate, Group L-N consistently sbowé
gmore gain in information than Group L-I which in turn preduces
‘more gain than Group L-O. In the upper portion of the ability
fclassifications students without a textbook do not seem to be
fhandicapped; in fact they acquiré as much or more knowledge
‘than students with textboocks, and those who take part of their
‘cilass time to do their reading assignments do as well or bet-
‘ter than their fellow students who are expected to read as-
signments outside of class,

In the lower portion of the intelligence and reading
ability classifications, the reverse of this trend is in
evidence. Group L-0O (lecture-outside reading) produces

siightly greater gains-than Group L-I {lecture-reading in
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ciass) which preduces s.ightly greater mean improvement than

Group L-N {lecture-no reading;. In the lower portion of the

to have been hampered in their learning and those aiiowed and
encouraged to take their books home to read and study have
done better (though nect sigrificantly so at the .025 levei

of confidence) than either of the other groups.

Conclusions

On the basis of ths techniques of statistical analy-
-sis used in this study, and within the limitations imposed
?by the tests employed and the length of the experimental
perlod used, the following conclusions are drawn:

1. All three methods--L-0 (lecture-outside readlng),
iL-I (lecture-reading in class), and L-N (lecture-no reading)
i--produced significant gains in biological knowledge from v
gpretest to post-test in twelve weeks of instruction.

2. None of the methods produced a mean gain which
{was sufficiently greater than that of any other method to be
Econsidered statisticaiiy significant at the ,025 level of
confidence.

3. All methods groduced significant gains among stu-
dents scoring high on inteiligence as measured by the Otis

Quick Scoring Mental Abi ity Test, although no method was

found to be superior tc the other methods with students of

high intelligance,
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4. Wilth students who scored low on inteiligence,
the method utilizing lecture-discussion with no assigned read-
ing faiied to produce significant gains in information between
pretzsi and post-test, Students who scored low in intelli-
gence made significant gain in the other methods.
5. All methods produced significant gains in biolo-

gice: knowiedge among students scoring high in reading com-

prehension as measured by the Diagnostic Reading Test., How-
ever, no method was found to be significantly superior to
any other method with this group.

6. With students scoring low on reading comprehen-
sion, both the methods utilizing lecture-discussion with read-
?ng outside of class and no reading assignments failed to E
broduce significant gains in information. The method using
ginside reading produced significant gains.
| 7. Each method produced significant gains in biolo-;
gical knowledge among students scoring high and those scoring
low in reading rate although no method produced gains statis-

ticaily superior to those produced by another method.

Recommendations

A review of the findings of this study suggests a
need for additional investigation as follows:

1. The experimental time allotiment might be extended
to one full academic year in an effort to determine differ-

ences in athievemeni between groups.
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Z. The addition of a qroup tor testing and compari-
son to which reading instruction or aid were given to deter-
mine the amount of gain in biclogical knowiedge with this
additional heip.

3. Future research in this area might well make use
of a technique which would give consideration to student at-
titude as it relates to learning under different teaching
methods.

4, Similar studies relating to teaching effective-

ness should be carried on in other science areas and in the

various academic course areas.




BIBLIOGRAFHY




BIBLICOGRAFHY

Books
Committee on Diagnostic Reading Tests. Diagnostic Reading

Tests Survey Section, Form A. Chicago: Science Re-
search Associates, 1947,

Curtis, Francis D. Investigations in the Teaching of Science.

Philadelphia: P. Blakiston's Son and Co., 1926.
'Edwards, Allen Louis. Experimental Design in Psxchologlcal :
; Research. New York: Rinehart and Company, Inc., 1950

Good Carter V., and Scates, Douglas E. Methods of Research‘
New York: Appleton-Century-Crofts, Inc., 1954,

ELindquist, Everett F. Design and Analysis of Experiments 1nx

Psychology and Education. Boston: Houghton Mifflin
Company, 1953.

?Nelson, Clarence H. Nelson Biology Test. New York: World
Book Company, 1951.

Otis, Arthur S. Otis Quick Scoring Mental Ability Tests.

New York: World Book Company, 1937.

Tate, Merle W, Statistics in Education. New York: The
hacmlllan Company, 1955.

Articles and Periodicals

Anderson, Kenneth E., et al. “Toward a More Effective Use
of Sournid Motion Pictures in High School Biology,"
Science Education, XL (February, 1956), pp. 43-54.

Anderson, Kenneth E., et al ;l "Second Annual Review of Re-
search in Science Teaching," Science Education, XXXVIII

(December, 1954), pp. 333-365.

o
(€3]



64

Anibel, Fred G, "Comparative Effectiveness of the lecture-
Demonstration and Individual Laboratory Method," Journal
of Educational Research, XIII (May, 1926), pp. 355-365.

o

Bair, Fredrick H., and Young, Williasm E. Curriculum: Meth-
ods and Materials (Above Grade VI)," Review of Educa-
tional Research, XVIII (June, 1948), pp. 265-273.

Baker, Woolford B. *“Science Teaching and the World of To-
morrow," Science Education, XXXIV (February, 1950),
pp. 7-15.

Baicziak, Louis W. “The Role of the Laboratory and Demonstra-
tion in Cellege Physical Science in Achieving the Objec-
tives of General Education* (unpublished doctoral dis-
sertation, University of Minnesota, 1953), quoted in
Herbert A. Smith, Chairman, Third Annual Review Commit-
tee, "Third Annual Review of Research in Science Teach-
ing,“ Science Education, XXXIX (December, 1955), pp. 335-

i 371. i

:Barnard, J. Darrell, Chairman, Committee on Research in Sec-,

f ondary-School Science Teaching. “Problems Related to |

} the Teaching of Problem-Solving That Need to be Inves-

; }%gafgg,' Science Education, XXXIV (April, 1950), pp.

Bent, Rudyard K., “Comparative Effectiveness of a Freedom ;
‘ Method and a Conventional Method of Teaching High School
General Science," School Science and Mathematics, XXXIII
(October, 1933), pp. 773-776. i

i
!
1
i
|
I

gBingham, N. Eldred., "A Direct Approach to the Teaching of
i the Scientific Method," Science Education, XXXIII
(April, 1949), pp. 241-2349,

QBlackwood, Paul E., and Brown, Kenneth E. "Science Educatioh
Research--1954," The Science Teacher, XXII (September,
19%5), pp. 199-202,

:Blackwood, Paul E., and Brown, Kenneth E. ®Science Education
Research Studies-~1945," Science Education, XXXIX
(December, 1955), pp. 372-389.

Blick, David J. "Recent Trends in Research on Science Teach-
ing," Education, LXV (March, 1945), pp. 391-398.

Boeck, Ciarence H., Chairman, Secondary School Sub-Committee.
"Review of Recent Research in the Teaching of Science
at the Secondary School Level II," Science Education,
XXXIX (December, 1955), pp. 344-356,  _




65

ceck, Ciarence H., “The Relative Zfficiency of Reading and
Demensiraticn Methods of Instruction in Developing
Scilentiric Understandings," Science Education, XL
(March, 19%6), pp. 92-97.

Zrown, Kenneth E., Blackwood, Paul E., and Johnson, Philip G,
"Science Education Research Studies--1953," Science
Education, XXXIX {Msrch, 195%), pp. l4l-156.

sullington, Robert A, “Trends in the Teaching of High School
Biology," School Science and Mathematics, LVI (February,
1956 ), pp. 100-108.

Burnett, R, Will. "The New and the Gid in Science Teaching,”
Science Education, XXXV (February, 1951), pp. 43-54,

Cooprider, J. L. "Laboratory Methods in High School Science,"
School Science and Mathematics, XXIII {June, 1923)
pp . 526-530 .

Cooprider, J. L. "Oral versus Written Instruction and Demon-
stration versus Individual Work in High School Science,®
School Science and Mathematics, XXII (December, 1922),
pp. 838-844, ;

‘Cunningham, Harry A, "Laboratory Methods in Natural Science;
Teaching. I," School Science and Mathematics, XXIV
(October, 1924), pp. 709-715.

;Cunningham, Harry A. "Laboratory Methods in Natural Scienceg
Teaching. 1II," School Science and Mathematics, (Novem-:
ber, 1924), pp. 848-851. :

Curtis, Francis D. "“Some Practical Suggestions for the
Teaching of Biology," School Science and Mathematics,
LI (February, 1951), pp. 95-104,

Downing, Elliot R. "A Comparison of the Lecture-Demonstra-
tion and the Laboratory Methods of Instruction in
Science," School Review, XXXIII (November, 1925),
pp. 688-697,

gEngelhart, Max D, "Classroom Experimentation," Review of
Educational Research, IX {December, 19393, pp. 555-562.

Engelhart, Max D. "Physical and Biological Sciences," Re-
view of Educational Research, II (February, 1932),
pp. 21-28,




66

- e

"Evaluative Studies," Review of Educational Research,
X11 (December, 19425, pp. 921-533.

Eurich, Alvin C., Pace, Roberi C., and Ziegfield, Edwin,

Fitzpatrick, Frederick L., and Edmiston, Vivian. "Teaching
of Science in Senior High School and Junior College,"
Review of Educational Research, XII (October, 1942),
pp. 412-424,

Fox, Truman D, "The Discovery of Better Teaching Technics
for General Science," Science Education, XIX (February,

1935), pp. 9-12.

Frazer, Thomas P,, Chairman, ™"Review of Recent Research in
the Teaching of Science at the College Level III,"
Science Education, XXXIX (December, 1955), pp. 357-371.

Hurd, Paul Deh. "The Educational Concepts of Secondary School
Science Teachers," School Science and Mathematics, LIX

‘ (February, 1954), pp. 89-96, .

i .

Jayne, Clarence D. "Study of the Learning and Relention of '

; Materials Presented by Lecture and by Silent Film," '
Journal of Educational Research, XXXVIII (September,

! 1944, pp. 47-58.

| ' ;

:Jayne, Clarence D. "The Integrated versus the Non-Integrated

‘ Use of Moving Pictures in the Classroom,"™ Journal of
Experimental Education, V (September, 1936], pp. 7-16.

o : : :

S Johnson, Palmer O, "A Comparison of the Lecture-Demonstra-

s ’ tion, Group Laboratory Experimentation, and Individual

‘ ‘ Laboratory Experimentation Methods in Teaching High
School Biology," Journal of Educational Research, XVIII
(September, 1928), pp. 103-111,

‘Kiebler, E. W., and Woody, Clifford., "The Individual Labor=~
atory versus the Demonstration Method of Teaching
Physics," Journal of Educational Research, VII (January,
1923), pp. 50-58,

Kruglak, Haym. “A Comparison of the Conventional and Demon-
stration Methods in the Elementary College Physics Lab-

oratory," Journal of Experimental Education, XX (March,
1952), pp. 293-300.

Kyte, George C, "Methods of Teaching," Review of Educational
Research, XV {June, 1945), pp. 218-226.

v, Joséph. YResearch Methods and Designs," Review of Edu-
cational Research, XVIII {December, 1948)7 pp, 410-423.




67

Lucow, William i, “Estimating Components of Variation in an
Experimental study of Learning," Journai of Experimental
Education, XXII {March, 1954), pp. 265-271.

Mallison, George G., and Buck, J, V. "Scme 7mpll ations and
Practical Applications of Recent Research in Sclence
Education: No. 2," Schooi Science and Mathematics,

LVI (May, 19%6), pp. 357-369.

Mallison, George C., and Buck, J. V. ™"Survey of Research in
Secon\ary School Science Education," School Science and
Mathematics, LV (June, 195%), pp. 439-445,

Malllson, Jacqueline B,, Chairman., “Review of Recent Research
in the Teaching of Science at the Elementary Level I,?
Science Education, XXXIX (December, 1955), pp. 336- 343

Mason, John M., and Angell, George W. "An Experiment on
Evaluatlon in Biological Science,"™ Journal of Educational
Psychology, XLIV (May, 1953), pp. 296-304, ‘

McGlll James V, “How Valuable is Homework?" High Points,
g XXXII (September, 1950), pp. 48-53.

Mcklbben, Margaret J. "An Analysis of Principles and ACth-‘
g ities of Importance for General Biology Courses in ngh
Schools," Science Education, XXXIX (April, 1955), '
gt sian

pp. 187-19
- Melby, Ernest O., and Lien, Agnes. "A Practicable Technlque:
T | for Determining the Relative Effectiveness of Different.

Methods of Teaching,® Review of Educational Research,
XIX (April, 1949), pp. 255-264,

Meiton, Joseph R. “Using Textbooks Wisely,® High School
' Journal, XXXVI (February, 1953), pp. 138-144,

‘Monroe, Walter S. "Controlled Experimentation as a Means of
Evaluating Methods of Teaching,” Review of Educational
Research 1V (February, 1934), pp. 36-42,

Monroe, Walter S., and Marks, Arlyn. "General Methods of
Teachlng,“ Educational Administration and Supervision,
XXIV {October, 1938), pp. 497-512.

Morley, H. M, "Discussion of 'Cral versus Written Instruc-
tion and Demonstration versus Individual Work in High
School Science' {Cooprider},” School Science and Math-
ematics, XXIII (June, 1923), pp. 522-524,




. 68

T
-C

fach, Harry D., and Phillips, M., J. W, ¥A study ot the Relia-
tive Value of Three Methods of Teaching High School

Chemistry," Journal of Educational Research, XV (May,
192

7), pp. 371-379,

Nell, Victor H, "Meassuring the Scientific Attitude," Journal

of Abnormai and Social Psychology, XXX (July-September,
1935}, pp. 145-154,

Cwens, J. Harold. ®The Ability to Recognize and Apply Scien-
tific Principles in New Situations,"™ Science Education,
XXXV (October, 19%1), pp. 207-213.

Perlman, James S. "An Historical versus Contemporary Problem
Solving Use of the College Physical Science Laboratory
Period for General Education," Journal of Experimental
Education, XXXI (March, 19535, pp. 251-257.

Peters, Charles C., Townsend, Agatha, and Traxler, Arthur E.
3 “Research Methods and Designs," Review of Educational
Research, XV (December, 1945), pp. 377-393.

‘Powers, Samuel R. “Science," Review'offgducationa;,Research;
IV (December, 1934), pp. 473-478. :

éPowers, Samuel R, "Science," Review of Fducational Research;
VIII (February, 1938), pn. 60-66. !

?Powers, Samuel R, - “Science Education," Review of Educationai
Besearch, 1 (December, 1931), pp. 379-386. !

5Powers, Samuel R., and Blick, David J. "Teaching of Sciencef
in Senior High School and Junior College,®™ Review of
Educational Research, XV (October, 1945}, pp. 301-309.

Reiner, William B. “Evaluating Ability to Recognize Degrees
of Cause and Effect Relationships,® Science Education, '
XXXIII (December, 1949), pp. 329-333. |

‘Reiner, William B. "Evaluating Ability to Recognize Degrees
of Cause and Effect Relationships," Science Education,
AXXIV (February, 1950), pp. 15-28.

Richardson, John S., and Barnard, J. Darrell. "Methods and
Materials in the Teaching of Science," Review of Educa-
tional Research, XVIII (October, 1948j, pp. 323-336.

Rulon, Phillip J., et al. ™A Comparison of Phonographic Re-
cordings with Printed Material in Terms of Knowledge
Gained through Their Use Alone,® Harvard Educational Re-
view, XIIl-{January, 1943), pp. 6376, - e .




69

dulon, Phiilip J., et al. ™A Comparison of Phonographic Re-
cordings with Frinted Material in Terms of Knowledge
Gained through Thelr Use in a Teaching Unit," Harvard
Educational Review, XIII {March, 19433, pp. 163-175.

Rulon, Phiiiip J., et al. YA Comparison of Phonographic Re-
cordings with Printed Material in Terms of Motivation
to Further Study," Harvard Educational Review, XIII {May,
1943), pp. 246-255.

Schiller, Beile. "A Questionnaire Study of Junior High School
Students' Reaction to Homework,"™ High Points, XXXVI
(June, 1954), pp. 23-36.

Schneider, Samuel. “An Experiment on the Value of Homewcrk,"
High Points, XXXV (April, 1953), pp. 18-19.

Shores, J. Harlan, and Saupe, J. L. "Reading for Problem
Solving in Science," Journal of Educational Psychology,
XLIV (March, 1953), pp. 149-158. :

‘Smlth Herbert A. "A Determination of the Relative Effective-
ness of Sound Motion Pictures and Equivalent Teacher

{ Demonstration in Ninth Grade General Science," Science ;|

% Education, XXXIII (April, 1949), pp. 214-221. ;

St Laurence, Francis, "Are Heavy Textbooks Necessary,* !
g Science Teacher, XVIII (March, 1951), pp. 72-73. |
'button Traver C. "Laboratory Work Is Essential,® School é
Science and Mathematics, XLIX (May, 1949), pp. 351-358.:

gTer Keurst, Arthur J., and Bugbee, Robert E. ™A Test on theé
Sc1ent1f1c Method," Journal of Educational Research,
XXXVI {March, 1943) pp. 489-501,

Weaver, Richard L, "Improvement of Biology Teaching,™ School
Science and Mathematics, LVI (April, 19%6), pp. 257- 263.

Wlley, William H. "An Experimental Study of Methods in
' Teaching High School Chemistry,® Journal of Educational
Psychology, IX (April, 1918), pp. 1EI-19€.

Wise, Haroid E. "Supplementary Contributions of Sound Motion
Pictures in High School Biology," Science Education,
XXXIII (April, 1949), pp. 206-213,

Woolever, John D. "Is Homework One Answer?" School Science
and Mathematics, LV (December, 1955), pp. 704-706.



APPENDIX

70




FI!.‘&‘;- .

-J
p—

OTIS 1.Q. SCORLS OF 161 BIULGGY STUDENTS CLASSIFIED
ACCORDING TO TEACHING METHCD

Methad L-0 L-1 L-N
1.Q. 1.Q. 1.Q.
112 129 112 1i4 105 102
100 96 98 106 102 112
115 33 93 g5 97 124
105 104 127 g5 97 80
102 110 100 120 106 109
121 108 123 123 85 88
130 114 112 88 95 102
110 88 99 114 124 107
85 91 101 101 102 88
96 108 84 104 112 112
83 110 85 91 97 94
99 113 104 112 104 100
110 89 123 o9 113 103
89 112 111 110 104 112
120 99 105 98 104 119
98 103 84 97 114 114
120 124 94 99 111 113
& 101 108 108 112 100 101
Z 125 117 96 98 114 112
: 114 93 111 110 124 101
108 78 78 109 103 118
82 104 133 igs 117 97
1i8 78 80 127 103 101
112 121 76 123 89 114
118 98 107 113 95
106 91 92 117
103 87 85 77
85 101 126 ) 104
Mean 104,81 103.36 104,58
S.D. 13.00 13.40 - 10.61
Grand Mean ica, 17

i
(W}
Y
9
N

- e TN




READING COMPREHENSION RAW UCORES UF 161 BIOLCGY STUDENTS
CLASS IFIED ACCORDING TG TEACHING METHCD

- it e ]

Nethod L-0 L-1 L-N
R.C. R.C. R.C.
79 86 76 67 78 62
28 49 44 70 54 71
81 54 45 53 25 83
65 64 90 51 61 21
71 84 67 74 75 76
78 58 71 80 43 43
87 79 77 39 50 75
39 42 72 82 94 64
16 46 70 71 57 37
59 75 53 65 60 86
oy _ 39 71 62 43 31 57
i 21 70 76. 70 59 51
52 51 75 51 87 70
37 72 &80 52 83 67
79 45 65 62 61 79
61 72 33 38 75 79
£l 94 77 39 48 76 62
. 83 79 57 55 95 80
75 60 72 58 89 63
69 32 28 62 67 79
41 56 78 31 84 61
73 24 34 76 57 60
78 64 30 g4 44 73
69 71 80 69 47
60 39 alal 77
51 45 69 14
38 65 89 47
H¥ean 61,30 60.77 63.67
5.D. 17.96 16.11 18.47
Grand Mean 61.85

. 0. 17.5¢
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READING RATE RAW SCURES Ur
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BIGLOGY GTULENTU

S.D.

- -

R

CLASSIFIED ACCUROING T TZAUHING METHUD
Method L-0 [-I L-N
R.R. R.R R.R.
a7 121 58 &C 62 50
a2 49 52 60 58 75
124 36 72 44 26 83
53 58 70 60 45 30
67 83 67 69 61 67
61 49 89 62 65 68
87 82 52 43 70 62
39 47 68 66 63 44
47 37 47 61 62 50
47 82 50 50 53 75
52 59 62 58 43 66
57 70 65 60 52 50
69 50 71 43 55 60
4] 64 60 5z 73 68
81 48 59 45 55 60
61 51 38 37 61 81
110 73 49 30 52 56
52 63 45 59 85 45
83 77 53 42 81 72
56 52 48 69 75 49
53 29 48 70 58 66
48 63 70 39 56 79
77 20 44 64 59 50
63 47 2 73 48 58
76 45 63 51 36
73 36 &0 4
43 49 o 3o 45
59 66 ja3e) 46
Mean 60.81 $6.36 59.10
S.D. 22,32 - .19 12,96
Grand Mean 22,71




NELSON BICLOGY PRETEST STANDARD SCORES OF 161 STUDENTS
CLASSIFIED ACCORDING TO TEACHING METHOD

——

" Method L-0 L-1 L=N

105 114 98 95 96 92

105 95 90 89 86 105

125 98 71 96 84 108

118 52 115 78 96 73

92 108 97 112 108 93

116 &9 118 98 87 95

116 124 109 84 89 106

87 71 96 113 106 105

75 90 96 106 101 80

97 101 80 78 103 98 :

95 112 100 114 73 77 :

93 111 111 96 100 96 ;

108 65 118 98 121 112 j

82 120 98 77 113 109 é
; 129 89 111 96 101 111 |
j 113 115 77 71 103 92 !
! 142 106 89 100 108 80 g
i 90 93 82 109 118 89 ;
; 124 92 84 7 119 120 |
; 106 111 103 96 130 100 i
; 110 89 93 97 105 120 !
; 90 77 113 93 112 86

98 80 75 130 89 89

120 120 92 118 86 115

109 98 101 95 100

98 80 87 87

84 87 97 61

93 82 124 a2
Mean 101.51 96.61 98.56
S.D. 15.75 14,32 14,04
Grand Mean 98.85
S.D. 14,86
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NELSON BIOLOGY FOST-TEST STANDARD ICCRES OF 161 STUDENTS
CLASSTFIED ACCORDING TG TEACHING METHOD

Method L-0 L-1 L-N
123 129 101 113 128 109
112 89 87 108 93 112
128 108 35 84 80 121
112 95 124 92 108 g6
101 118 108 1Q9 110 109
116 109 128 109 82 104
141 125 124 78 106 104
103 93 110 127 120 121
90 87 105 105 104 71
112 104 101 108 110 113
87 118 103 113 73 89
95 127 116 112 105 106
109 100 115 97 135 121
104 124 119 103 129 122
133 112 113 113 113 114
122 111 80 a0 110 104
134 121 92 95 119 109
96 96 101 113 114 89
129 104 98 110 133 120
108 118 119 10¢4 142 105
118 78 98 108 116 121
110 95 131 116 119 97
113 77 80 128 89 98
129 134 92 123 89 128
110 118 123 120 98
109 86 ag ilg
87 95 113 82
92 97 133 111

Mean 109.68 166.48 108.02

S.D. 15,52 13.51 11,27

Grand Mean 108.03

S.D. 13.62
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BIOLUGY PRETEST AND POST-TEST SCORES OF 161 BIULUGY
STUDENTS CLASSIFIED ACCORDING TU TEACHING METHOD

Method L-C L-1 L-N

X Y

Y
105 123 114 129 98 101 95 113 96 128 92 109
105 112 95 89 90 87 89 108 86 93 105 112
125 128 98 108 71 95 96 84 84 80 108 12
118 1i2 92 95 115 124 78 92 96 108 73 9C
92 101 108 118 97 108 112 109 108 110 93 109
116 116 89 109 118 128 98 109 87 82 95 104
116 141 124 125 109 124 84 178 89 106 106 104

75 90 90 87 96 105 106 105 10l 104 80 71
- 97 112 10l 104 80 10l 78 108 103 110 98 113
3 95 87 112 118 100 103 114 113 73 73 77 89
- 93 95 111 127 111 116 96 112 100 105 96 106 |
= 1108 109 65 100 118 115 98 97 121 135 112 121 |
182104 120 124 98 119 77 103 113 129 109 122 |
129 133 8¢ 112 111 113 96 113 101 113 111 114 |
113 122 115 111 77 80 71 9¢ 103 110 92 104 !
142 134 106 121 89 92 160 95 108 119 80 109
190 96 93 96 82 101 109 113 118 114 89 89
124 129 92 104 84 98 97 110 119 133 120 120
106 108 111 118 103 119 96 104 130 142 100 109 |
, 110 118 89 78 93 98 97 108 105 11§ 120 121 |
- .90 110 77 95 113121 93 116 112 119 86 97 |
= 98 113 86 77 75 80 130 128 89 8 89 98
120 129 120 134 92 92 118 123 86 89 115128
109 110 98 118 10l 123 95 120 100 98 :

- 98 109 80 8 87 98 87 118
84 87 87 95 97 113 61 82
93 92 82 97 124 133 92 11l
Pretest Mean 104,81 103.36 104.58
S.D. 13.00 13.40 10.61
Grand Mean 104,17 5.D. 12.45
Post-test Mean 109.68 106.48 108.02
S.D. 15.52 13.51 11,27
Grand Mean 108.03 S.D. i3.62

X = Fretest = i Y = Post-test =



