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CHAPTER I
INTRODUCT ION

This study is concerned with the relative merits of
the synthetic and anaiytic me:thods of teaching planegeom-
etry.

Of the two methods, the synthetic method is the one
commonly used. Only a few textbook writers mention the
analytic method and then only in relation to some very dif-
ficult problem which usually is in the latter half of the
book. It seems rather queer to the writer why the analytic
method is used in case of some difficult exercise and then
ignored in case of the simpler exercises.

The features of the synthetic method may be brought
out by a simple example. In the proof, the synthetic method

begins with the hypothesis and tkrough a series of dependent

gteps proceeds to the conclusion, as in Jhe following example:

Hypothesia: ST bisects /VIT

SR [/ UT
Prove: ASRT is isosceles
Proof: The pupil using the synthetic method of

attack would mak. his proof like the following:



L2 = L3 Reason: It is given that ST bisect=s
/VTU,
/1 = L3 Reasons If two parallel lines are cut

by a transversal, the alteX -
nate interior angles are equal,

o%e L1 = L2 Reason: Quantities equal to the same
: quantity are equal to each
other.
.« SR = TR Reason: If two angles of a triangle

are equal, the sides opposite
the two equal angles are egual.

"« /ASRT ig isosceles Reason: If two sides of a triangle
are equal, the triangle is

: isosceles. :
The pupil using the analytic method of attack would begin

with the conclusion and work back to the hypothesis in order
to discover a way to solve the problemgs; then he would re-
verse his steps and proceed as in the synthetic method. The

following would be his method of attack of the above problems

ASRT is isosceles Reason: If a triangle has two equal
if SR = TR sides, it is isosceles.
SR = TR if £1 =42 - Reason: If two angles of a triangle

are equal, the sides oppos i te
them are egual,

L1 = /L2 if/1 =43 Reason: Quantities equal to the same
and L2 = 43 quantity are equal to each other.
but L1 = L3 Reason: If two parallel lines are cut

by a transversal, the altex-
nate interior angles are egual.

andl?2 =43 ' Reason: It is given that ST bisects
ZNTU.,

The pupil theri reverses his steps and proceeds as in the
synthetic method. He now has a logical proof which was de-

véloped through a series of steps to which he was led by the

analysis.



Thus it may be seen that the synthetic method begins
with the hypothesis and proceeds by means of g series of de-
pendent steps to the conclusion; while the analytic method
begine with the conclusion and works back to the hypothesis
in order to find a way to solve the problem; and then pro-
ceeds as in the synthetic'method. In short, the purpose of
the analytic method is to remove the element of chance in
developing a proof for a geometric exercise.

There seems to be very little literature of an author-
itative nature upon the subject of the synthétic and ana-
lytic methods of teaching plane geometry.

B&rnesl says:

I have not measured in a statistical way the results

of this study by analysis as compared with the usual

syntretic work, but I am sure of several things from
observation:

1., Pupils like to demonstrate when they feel they
are doing a large part of the work constructively them-
gelves,

2. Pupils have more initiative and are mowe inde-
pendent since the procedure keeps a very definite pro-
blem before them and they are not merely acquiescing in
statoments of a text.

3. Pupils are far more efficient in demonstration
of originals, for the simple reason they are familiar
with the true method of attack.

4, Pupils carry tris analysis into other subjects....

1l.Barnes, H., O., Geometry by Analysis, SCHOOL RRVIEW, October 1919



Pitts and Davis® made a comparison of the analytic

and synthetic methods of teaching geometry. They used the

2

special form paper advocated by Barnes. Their results were

adverse to the analytic method, but there were some guestion-
able elements which entered into their study. First, dif-
fercnt teachers taught the classes; second, the pupils were

not paired; third, they used the analytic method for one
pemester only and then changed to the synthetic method. Accord-
ing to Sc]rllauch"5 the analytic method will not secure superior

results until the second semester. Fourth, they used the

cunbersome form paper advocated by Barnes.4

Pitts and Davis have the following eomment in their

summary s

The mechanics of the form paper were so difficult
that the slower pupile could not understand the
pystem to use it and it was so cumbersome that it
interfered with the thinking of the very bright
pupils. The details of filling the proper spaces
with correct majors and minors and suthorities
were so tedioug that pupils losgt sight of the
demonstration and spent more time deciding in
which column a statement should appear than in
arranging a logical solution,

1, Pitts, Lemuel and Davis, Robert A., "A comparison of the
Anglytic and Synthetic Methods of Teaching Geometry",
SCHOOL SCIENCE ANWD MATHEMATICS, Vol. 31, 1931.

2, Ibid. Page 3.

. Schlauck, W. 8., "The Analytic Method in Teaching of Geom~
etry," NATIONAL COUNCIL OF THACFERS OF MATHEMATICS, FPIWTH
YEARBOOK.,

4—. Ibida Page :5-



Schlauch! has the following comment to make concerning

the analytic method:

Experience in teaching geometry by the analytic method
and study of the results of numerous tests of the pupil's
ability to analyze, extending over a period of twenty years
in the Higl School of Commerce, New York City, have convinced
me of the following facts:

1. Adequate mastery with accompanying pleasure and

a thirst for original exercises comes in the second

gemester. A schpol year should be devoted to the subject.

(Pitts and Davis® used only one semester for their study.)

2. The pupil needs training in analysis applied
to the various types of geometric subject matter found
in the conventional five books of plane geometry.

3. Teaching the method of analysis is difficult
in the early stages.....

4, To master plane geometry, using the analytic
method of attack, requires about a year for the majority
of pupils.

Of the above comments by the different writers, it seems
reagonable to expect that those of Schlauch are probably the
most valid due to his many years of experience.' However
his conclusions are based on observations rather than from
the results of a cbntrolled experiment,

It is the purpose of this study to make a comparison

of the synthetic and analytic methods of teaching plane geom-

etry by means of a controlled experiment.

1, Ibid. Page 4.
2. Ibid. Page 4.



CHAPUIR 11
METHOD OF PROCLDURE

The data for thris study were secured by means of an ex-
periment conducted during the school year of nineteen hundred
thirty-two and thirty-three. The beginning geometry studente
of the Gallup, New Mexico, Senior High School'were divided
into two groups of approximately equal ability. One of thege
groups was taught theorems, constructions, loci, and the solu-
tion of original exercises by means‘of the analytic method.

The analytic method assumes the prohlem solved and works back
to some known truth. The other group was taught theorems, con-
structiong, loci, and the solution of original exercises by
meens of the synthetic method. The synthetie method begins
with a known fact and works towards the conclusion. The ana-
lytic method gfoup met during the Tifth perind and the syn-
thetic group met during the sixth period. Both groups met

in the same room with the writer as instructor. The same text?
wag. used by both groups, and the same tests were given each
group on the same day. With tle exception nf tlkeorems, con-
structions, loeci, and the solution of original exercises,

both groups were taught‘in the stme manner. The original

). Hawkes, Luby, Tonton. New Plane Geometry. Ginn snd Company
19351




enrollment of the analytic method group was twenty-seven and
that of the synthetic method group was twenty-nine. This
enrollment varied somewhat during the school year. The
length of the class period for each class was sixty minutes
of which one-half was used for recitation and one half for
supervised study.

From the two groups, sixteen pairs were selected. These
students were paired according to their intelligence quotient,
sex, age, nationality, and treir ninth grade record. In order
for two students to be paired they had to have almost the same
iﬁtelligence quotient, to be of the same sex, and to differ
very little in their ninth grade record. Only two pairs had
an age difference of more than nine months. Like nationsglities
were paired in all possible cases. The intelligence test used
wa.s the Army Alphal Test, Form V., This test was given at the
beginning of the school year to both groups on the szme day.
Twenty-nine of thé thirty-two pupils used in thils study were
graduates of the Gallup Junior High School. Their ninth
grade records were secured from the office of the principal,
while the records of the remaining three were secured from
their transcripts. The algebra grade was not considered. Due
to the different elements entering into the pairing and to

the high correlation required, only sixteen palrs were obtained

1. Published by the Bureau of Measurements, Kanses State Teachers
College, Emporia, Kansas.



from a total of fifty-six pupils., Yet due to the care ueed
in pairing, similar claseroom conditions, and to the length
of the experiment--thirty-six weeks--it ig reusonable to ex-
pect that the results ghould he quite reliable and valid
enough upon which to base conclusions. Religbility and
validity are essential elements in a thesis of this type.
There were eight tests, exclusive of the final, given
during the school year at intervals of from four to six weeks,
Five of the tests were the five parts of the Lane-Greene
Unit-Achievement Test.® The remaining threc tests were de-
vised by the autror. At the end of the year a final test wae
given, This test was composed of foﬁr parts, and each part
was given on successive days., The first part wae a test on
geometric facts such arx, "What is the relation of the opposite
angles of an inscribved quadrilateral". The second part waé
a test on definitions, suech as, "What is the median of a tri-
angle?" The third part consisted of a test on constructions
and loci. The fourth part consisted of a test on the solution
of original.exerciseﬂ. It is reasonable to expect that the
analytic or synthetic methods would have little or no effect
upon the results of Part I and II of the final test; while
Parts III and IV are solved either by the analytiec or synthetie
method depending uvpon the gfoup in which the pupil is enrolled.
All materiale for the final tests were secured from the text.

All teste were carcfully supervimed, the superintendent of

1. Published by Ginn and Company, Chicago, Illinnis, 1929



schools and high school principel, both assisting during
the final tests. A copy of each of the tests may be found
in the appendix, ' ‘
If the two groups have been paired very accurately,
it is reasonable to expect that the results of those tests
which do not involve constructions, loeci, theorems; and the
eolution of original exercises, should be practically the
same for both.methods; while those tests that consider only
the pupilfs ability to solve original exerciaes, to make con-
gtruetions, and find loci should differ‘as the efficiency
of the two methode differ., These differences should enable
us to compare the relative merits of the analytic and syfi—

thetic methods..
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CHAPTER III
DATA

The purpose of this chapter is to present the data
secured from the records and each of the tests. This pre-
sentation of data will be by means of tables and graphs.

Table I, on the following page, shows the manner in
which the pupils were paired. The intelligence quotient
and ninth grade records were obtained as explained in Chap-
ter II. The ninth grade records were weighted as followss
an A grade was weighted as 5, B grade as 4,\0 grade as 3,

D grade as 2, and an F grade as 1. In the table a grade

of 3.6 means an average between C and B, The pairing is
read across the page thus: of the two pupils of pair 1,
the pupil in the synthetic method group has an intelligence
quotient of 115 and a ninth grade record of 4.4, while the
pupil in the analytic method group has an intelligence
guotient of 113 and a ninth grade of 4.3.

The mean intelligence quotient of the synthetic method
group was 99.9 while that of the analytic method group is
99.6--a difference of only 0.3 in favor of the synthetic
method group. The ninth grade record of the synthetic method
group showed a median of 3.46, while that of the analytic
method group was 3,50--a difference of only 0,04 in favor of
the analytic method‘group. This table aleo shows the means
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TABLE I¢.¢ PAIRING OF THE TWO GROUPS.

SYNTHET 4 ANALYTIC
: %%h grade : 9th grade

g‘tg ﬁa, gm ;_’é‘ reédord
V - . 4.3-
2 104 3.9 106 3.9
3 102 3.9 108 3.9
4 10 443 108 4,0
5 100 3.4 98 3.8
6 109 3.4 107 3.6
8 109 3.3 108 3.6
10 103 348 100 3.4
1l 23 S48 95 3.8
12 87 3.0 91 3.6
13 86 3.0 84 3.2
14 29 3.4 102 3.4
15 20 +8 i 20 3.0
16 95 E. Q 89 3.6

Rangze 862115 2,8-444 84-113  3.0-4.3

%o_!& 99:9 Ss46  99.6 3.50
ean upper ;
W 4425  109.25 4,03 _
ecan e

Qﬂ_n{_ﬂuL 99,8 3456 100.5 356 _
ean lower ' "
1/4 of claes

asp 90,0 2496  88.5  3.23

Read table thus: Blaock indic:tes synthetic method;
red indicates analytic method: The intelligence
quotient for pupil of pair 1 of the synthetic method
was 115, and his ninth grade record was 4.4: The
intelligence guotient for pupil of pair 1 of the unae-

PTAT SR A B e ﬁoco:ﬁ%?- e o e
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for the upper one fourth, middle one half, and lower one fourth
of the two groups. In each case it may be seen that the differ-
ences of the two groups are very slight. Figures pertaining

to the synthetic method group are in black and those pertaining

to the analytic method group are in red.
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"RESULTS OF TEST I

Table II on the following page shows the results of Test I.
This test was Test 2 of the Lane-Greene Unit-Achievement Tests--
a test on fundamental ideas of plane geometry. A copy of
this test is in the appendix,

The results of this test were practically the same for
the two divisions, and might be expected, for neither the
analytic or synthetic method had been used up to this point.
The mean for the synthetic method group was 16.6 and that for
the analytic method group was 15.4 a difference of 1,2 in favor
of the synthetic method group. PFor the upper one fourth;
middle one half, and lower ome fourth of the classes, the meéns
of the synthetic method groups were slightly higher than the
correpponding means of the analytic method groups. The ranges
for both groups weré almost identical-~-the range of the syn-
thetic method group being 10-24 and that for the analytic
method group 9-23.

Graph I is a comparison of the two groups. This graph

shows the closeness of the resultes for the two classes.
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TABLE II... SHOWING RESULTS OF TEST I...TEST 1 OF THE LANE-
GREENE UNIT-ACHIEVEMENT TESTS ON FUNDAMENTAL IDEAS OF

GEOMETRY.
SYNTHETIC ANALYTIC
Difference
air Score Score S A
251 22 18 4
2 24 23 rE
3 18 19 1
4 23 1 4
5  a 11 o >
6 18 16 2
7 16 17 ; |
8 17 11 6
9 14 14 - -
10 20 15 8
11 18 17 X
12 13 10 >
13 16 1] 4
14 14
18 10 1 7
36 12 3
Total points 34
Range 10-24 -
Mean 16,6 15,4 l.2
Mean upper
1/4 of class 22.26 20.75 1.5
Mean middle ;
1/2 of class 16.25 15,25 1.0
Mean lower ‘
1/4 of class 31.8 10,25 1.25

Read table thus: Black indicates synthetic method; red
indicates analytic method. ©Score is expressed in points.
Score for pupil of pair one for the synthetic method

was 22; for analytic method 18. The difference is four
in favor of the synthetic method. Read remainder of
table accordingly.



GRAPH I

SCORES OF TWO GROUPS ON TEST I

Points.

24

20

16

12

9

Pupils 2oi2 3 485 607 & %.10,11.32 15 14,1516
scores:

Read table thus: Black indicates synthetic method; red
indicates analytic method. The highest score in the syn-

thetic method group was 24, in the analytic method group
23. The scores are arranged in descending order.

1.
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RESULTS OF THST II

Table III on the following page shows the results of
Test I--a test on definitions, facts, constructions, and
the solution of one original exercise. A copy of Test II is
in the appendix.

The table shows that the analytic method group had better
scores in each division, The mean for the synthetic method
group was 15,0 while that for the analytic method group was
20.1, a difference of 5.1 in favor of the analytic method
group. The means for the upper one fourth, middle one half,
and lower one fourth of the analytic method exceed the means
of the éorresponding gynthetic method groups by comparable
amounts. The range for the synthetic method group was 7-26
and that for thg analytic method group was 11-29. Twelve pupils
of the analytic method group made scores which surpassed the
scores made by the pupils with whom they were pairdd; while
only three of the synthetic method group made scores that sur-
passed the scores of the pupile with whom they were ma ired. This
table indicates a puperiority of the analytic method group
on this particular test, which may be due to the use of the
analytic method; but more likely to the failure of the three
pupils of the synthetic method in pairs 5, 8, and 9 to do cor-
regpondingly as well as the other puplls of their class.

Graph II gives a comparison of the results of this test for

the analytic and synthetic method groups.



TABLE IJI... SHOWING RESULTS OF TEST II...A TEST ON
DEFINITIONS, FACTS, AND CONTRUCTIONS.

SYNTHETIC ANATYTIC

Difference
Pair Score Score S A
£ 26 ! =)
2 25 26 1
3 16 o Lf'
4 L 27 6
5 13 ~J 1E
6
7
8
9

21 19 2
18 21
10 21

O =~
-

2
-

P I SRR W

=

V]

[

AV]
b foud fod e

¢

I

Total points 30 o

Range 7-26 11-2¢

Mean 19.0 20e 1 5.1

Mean upper

1/4 of class 25,85 27.0 3.75
Mean middle

1/2 of class 13.75  21.5 775
Mean lower _

1/4 of class 9.0 12,0 3.0

Read table thus: Black indicates synthetic method; red
indicates analytic method. Score is expressed in points.
Score for pupil of pair one for the synthetic method

w2s 26; for analytic method 24. The difference is 2

in favor of the synthetic method. Read remainder of
table accordingly. '



GRAPH II
SCORES OF THE TWO GROUPS ON TESTII

Points.

29

25 et
20 : \ "
15 L%

10

Pupils: \\\\

l 2 &,8 B 6 T80 0100320127137 24° 1516

Read table thus: Black indicates synthetic method; red
indicates analytic method. The highest score in the syn-
thetic method was 26, in the analytic method 29. The scores
for each of the pupils in the two method groups

are arranged in descending order.



RESULTS OF TEST III

Table IV on the following page shows the results of
Test ITI, This test was Test 3 of the Lane-Green Unit-
Achievement Tests--a test on parallel lines and triangles.
A copy of Test III in in the appendix.

The results of this test were practically the same for
the two divisions. The mean for the synthetic method group
was 24.3 and that for the analytic method group was 23.0, a
difference of 1.3 in favor of the syntbhetic method group.
The mean for the upper one fourth of the synthetic method group
was 1.5 higher than the mean for the corresponding upper one
fourth of the analytic method group, while the mean for the
lower one fourth of the synthetic method group was 0.75 lower
than the mean for the corresponding lower one fourth of the
analytic method group. The ranges for the two groups are very
nearly the same--the range for the synthetic method group
being 10-38 and that for the analytic method group 13-38,

Graph III shows the comparison of the two groups. This
graph indicates the closeness of the scores for the two groups.
Neither the table nor the graph shows any significant difference

for the two groups in the results of Test III.



TABLE IV... SHOWING RESULTS OF TEST III...,TEST 2 OF THE LANE=-
GREENE UNIT-ACHIEVEMENT TESTS ...A TEST ON PARALLEL LINES AND

TRIANGLES.
SYNTHETIC ANALYTIC
Difference
Pair Score Score S A
1 20 26 - -
2 38 38 - -
3 25 12
4 28 - -
5 24 29 5
6 34 1E 19
7 21 19 4
8 38 15 23
9 25 , 2
10 22 14 8
i | 24 7 -
12 14 24 s
13 10 1§ 8
14 14 12 1
b E - 20 16 4 :
16 -4 17 i
Total points 60
Range 10=-38 13-
Mean 24,3 30 oS
Mean upper
1/4 of class 36 5 35,0 1.5
Mean middle
1/2 of clads 23.6 21,4 2,2
Mean lower
1/4 of class 18,5 14,25 75

Read table thus: Black indicates synthetic method; red
indicates analytic method. Score is expressed in points.
Score for pupil of pair three for the synthetic method
was 25; for analytic method 37. The difference is 12

in favor of the analytic method. Read remainder of
table accordingly.



21

GRAPH III

SHOWING SCORES OF FUPILS CN TEST III

Points,

38

35

30

25

20

15

10

Pupils: 1o2. 3% &6 . & BT IPA1 121514 15 16

Read table thus: Black indicates the synthetic method;
red indicates the analytic method. The score of pupil 1
of the synthetic method group was 38, and for the analytic

method 38. The sBcores are arranged in descending order.



RESULTS OF TEST IV

Table V on the following page shows the results of Test
IV. This test was one on the ability of a pupil to solve
original exercises. This test was devised by the writer. A
copy of Test IV ig in the appendix.

The mean for the synthetic method group was 32.75 and
that for the analytic method group was 36.0, a difference of
3.25 in favor of the analytic method group. The means for
the upper one fourth, middle one half, and lower one fourth
were correspondingly higher than the respective means for the
synthetic method group. The range for the synthetic method
group was 22-48 and the range for the analytic method group
was 15~48, The results of this test indicate that the analytic
method group 1is somewhat superior in their ability to solwve
original exercises. Ten pupils of the analytic method group
made scores which surpassed the scores made by the pupils with
whom they were paired; while only five pupils of the synthetiec
method group made scores which surpassed scores of the pupils
with whom they were paired. |

Graph IV is a comparlson of the two groups. This graph

shows the small difference in favor of the analytic method

group.



TABLE V... SHOWING RESULTS OF TEST IV...A TEST ON
ORIGINAL EXERCISES.

SYNTHETIC ANALYTIC
Difference

Pair Score Score S i %

3o 12 ,

48 46 o

34 13 19

50 32 o

33 B - =

40 38 2

10 29

11 34

12 28

13 22 31 :

14 24 34 10

15 33 32 1

16 42 30 12

©CO2OU D L

B

Total points 51
Range 29.48 15-48

Mean 32,75 36.0 3 o5
Mean upper :
1/4 of class 42,00 44.75 2,75
fean middle 7 .
1/2 of class 32,10  36.0 3 0
Mean lower ;
1/4 of class 24,75 27,0 2,25

Read table thus: Black indicates synthetic method; red
indicates analytic method. ©Score is expressed in points.
Score for pupil of pair one for the synthetic method

was 29; for analytic method 48. The difference is 19

in favor of the analytic method. Read remainder of
table accordingly.



GRAPH IV

SHOWING SCORES OF PUPILS ON TZIST IV

20

15

. — o
Pupilags. d 12 . 3. 4.5 .6, & & 5%edbdl 32 1%l 16546

Read table thus: Black indicates synthetic method group;
red indicates analytic method group. The score of pupil 1
of the synthetic method group was 48, and that for pupil 1

of the analytic method group 48. The scores are arranged
in descending order.
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RESULTS OF TEST V

Table VI on the following page shows the results of Test
V. This was Test 3 of the Lane-Greene Unit-Achievement Tests--
a test on rectilinear figures, A copy of Test V is in the
appendix, .

The results of this test whow that the synthetic method
group were slightly superior, except in the lower one fourth
of the class in which the mean for the analytic method group
was 0,25 higher, The mean for the synthetic method group on
this test was 22.5 and that for the analytic method group was
20,0, a difference of 2.5 in favor of the synthetic method
group. The greatest difference shown between the two groups
was in the upper one fourth of the classes, in which the mean
for the synthetic method group was 5.25 higher than the mean
for the corresponding upper one fourth of the analytic method
group. The range of the synthetic method group was 7-36 and
that for the analytic method group 10-36.

Graph V is a comparison of the iwo groups. This graph
' iﬁdicates the superiority of the synthetic me thod group in

the upper one fourth of the classes,



TABLE VI... SHOWING RESULTS OF TEST V...TEST 3 OF THE LANE-
GREENE UNIT-ACHIEVEMENT TESTS...A TEST ON RECTILINEAR

FIGURES.
SYNTHETIC ANATYTIC
Difference
Pair Score Score S A
1 29 o5 4
2 20 7 7
3 29 36 7
4 30 16 14
5 36 18 18
6 21 23
7 13 24
8 36 18 18
2 11 18 7
10 24 14 10
11 22 2 - &
12 15 10 .-
1S o 26 19
14 19 20 5
15 29 10 19
16 23 13 10
Total points 59
Range ; 7-36 10 =36
Mean 22.5 20,0 BaD
Mean upper :
1/4 of class 33.75 . 28,5 5.25
Mean middle i
1/2 of class 22,9 19,9 30
Mean lower
1/4 of class 218 11,75

Read table thus: Black indicates synthetic method; red
indicates analytic method. Score is expressed in points.
Score for pupil of pair one for the synthetic method

was 29; for analytic method 25. The difference is 4

in favor of the synthetic method. Read remainder of
table accordingly.
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Pupils:

GRAFPH V

SHOWING SCORES OF PUPILS ON TEST V

1 29 45 6 7 & 9 M IVIE 13 1418 10

Read table thus: Black indicates the synthetic method
group; red indicates the analytic method group. The score
of pupil 1 in the synthetic method group was 36, and the
score of pupil 1 in the analytic method group 36. The re-
mainder of the scores are arranged in descending order.
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RESULTS OF TEST VI

Table VII on the following page shows the results of
Test VI. This test was devised by the guthor. It consisted
of definitions, facts, and constructions; and the content re-
lated to circles. A copy of this test is in the appendix.

The results of this test were practically identical for
the two groups. The mean for the synthetic method group was
9 and that for the analytic method group was 8.6, a difference
of only 0,4 in favor of the synthetic method group. The mcan
for the upper one fourth of the synthetic method group was
15 which was 0.25 higher than the mean for the upper one fourth
of the analytic method group, and for the lower one fourth of
the class the mean was 0.75 higher than the mean for the cor-
responding lower one fourth of the analytic method group. The
mean for the middle one half of the synthetic method group
was 1.0 lower than the mean for the corresponding middle one
half of the analytic method group. The range for the synthetic
method group was 3-19 and that for the analytic method group
1-17.

Graph VI shows the comparison of the two groupe and
indicates the slight superiority of the anelytic muthod group

in the middle one half of the classes.

T30)0



TABIE VII... SHOWING RESULTS OF TEST VI...A TEST ON

DEFINITIONS, FACTS, AND CONSTRUCTIONS AS RELATED TO

CIRCLES.
SYNTHETIC ANAIYTIC
Difference
Pair Score sScore S A
i 17 17 5
2 19 Wil 2
& 11 12 1
4 7 7 - -
B 9 C * 2
6 10 1 - -
7 4 1 3
8 i 4 1
9 b ! 11 - -
10 S 13 10
11 13 13 2
12 8 1
13 6 2
14 /4 3
15 g 3
16 7 3
Total points 20
Range 3=19 1-17
Mean 9.0 8.6 .4
Hean upper
1/4 of class 15.0 14 .18 225
Mean middle
1/2 of class 8.5 1.0
Mean lower
1/4 of class 4.0 2 0F .75

Read table thus: Rlack indicates synthetic method; red

indicates analytic method. Score is expressed in points.
Score for pupil of pair 1 for the synthetic method was 19,
for analytic method 17. The difference was 2 in favor of
the synthetic method. Read remainder of table accordingly.



GRAPH VI

SHOWING SCORES OF PUPILS ON TEST VI
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Read table thus: Black indicates synthetic method group;
red indicates analytic method group. The score of pupil 1
in the synthetic method group was 19, and the score of
pupil 1 in the analytic method group 17. The remainder of
the scores are arranged in descending order.
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RESULTS OF TEST VII

Table VIII on the following page shows the results of
Test VII, This test was Test 4 of the Lane-Greene Unit-
Achievement Tests~-a test on circles. A copy of thig test is
in the gppendix.

The means for the two groups were almost identical. The
mean for the synthetic method group was 18.5 and the mean for
the analytic method group 18.2, a difference of 0.3 in favor
of the synthetic method group. However the mean for the upper
one fourth of the synthetic method group was 2.0 less than
the mean for the corresponding one fourth of the analytic
method group. In the lower one fourth of the synthetic method
group the mean was 3.0 higher than the mean of the correspond-
ing one fourth of the analytic method group. This seems to
indicate that the better pupils of the analytic method group
have grasped the meaning of the analytic method, but that the
duller pupils have not. The range for the synthetic method
groﬁp was 11-28 and that for the analytic method group 6-31.

Graph VII shows the comparisom of the two groups and
indicates the differenées in the upper and lower one fourth

of the two classges.



TABLE VIII... SHOWING RESULTS OF TEST VII...TEST 4 OF THE
LANE-GREENE UNIT-ACHIEVEMENT TESTS... A TEST ON CIRCLES.

SYNTHETIC ANALYTIC
3 Difference
Pair Score Score S A
1 22 24 2
2 28 31 3
3 19 22 3
4 21 23 2
B 18 26 8
6 Az 21 4
7 1¢ 17 2
8 23 14 9
9 11 18 7
10 16 12 4
11 24 24 - -
12 13 10 ..
13 13 6 7
14 21 22 1
15 19 12 7
lﬁ 12 b~ 3
Total points 45
Range 11-28 6=31
¥ean 18.5 18.2 -
Mean upper : ‘
1/4 of class 24,25 26425 2.0
Mean middle '
1/2 of class 18.75 18,6 215
Mean lower '
1/4 of class 18.25 9,25 3.0

Read table thus: Black indicates synthetic method; red
indicates analytic method. Score is expressed in points.
Score for pupil of pair one for the synthetic method was
22; for analytic method 24. The difference is 2 in
favor of the analytic method. Read remainder of table
accordingly.



GRAPH VII

SHOWING SCORES OF PUPILS ON TEST VII

Points

30

25

20

15

10

5
Pupils: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Read table thus. Black indicates synthetic method group;
red indicates analytic method group. The score of pupil 1
in the synthetic method group was 28, and the score for
pupil 1 in the analytic method group 3l. The scores are
arranged in descending order.



RESULTS OF TEST VIII

Table IX on the following page shows the results of
Test VIII. This test was Test 5 of the Lane-Greene Unit-
Achievement Teste--a test on proportion and similar polygons,
A copy of this test is in the appemndix.
The analytie method group was superior on thisg test.
They had a mean of 16,3, while the mean of the synthetic
method group was only 13,8, g difference of 2.5 in favor of
the analytic method group. The mean for the upper one fourth
of the analytic method group was 3.5 higher than the mean
for the corresponding ome fourth of the synthetic method group;
while the mean for the lower one fourth of the analytic method
group was only 1,0 higher than the corresponding one fourth
of the synthetic method group. The results of this test seem
to indicate that the analytic method is of greater value to
the more intelligent pupil. The range for the synthetic method
group was 5-22 and that for the analytic method group was 4-26.
Graph VIII gives a comparison of the two groups and in-
dicates the superiority of the upper one fourth of the analytic

method clase as compared with the upper one fourth of the syn-

thetic method class.



TABLE IX... SHOWING RESULTS OF TEST VIII...TEST 5 OF THE
LANE-GREENE UNIT-ACHIEVEMENT TESTS...A TEST ON PROPORTION AND

SIMILAR POLYGONS.

SYNTHETIC ANATYTIC
Difference
Pair Score Score S A
: 4 <a 25 ' 3
2 22 25 3
3 20 24 4
4 16 17 1
5 22 16 o)
6 17 22 s
7 12 15
8 18 15 3
9 6 12 6
10 14 11 )
- 1 11 19
12 6 6 -
13 13 13 -
14 8 S -
15 5 4 1
16 8 26 13
Total points 45
Range 5-22 4-26
Mean 13.8 1643 2.5
Mean upper v :
1/4 of class 21.5 25,0 2.5
Mean middle : ‘
1/2 of class 13,6 16,5 )
Mean lower
1/4 of class 6.25 725 1.0

Read table thus: Black indicates synthetic methos; red
indicates analytic method. Score is expressed in points.
Score for pupil of pair one for the synthetic method

was 22; for analytic method 25. The difference is 3

in favor of the analytic method. Read remainder of
table accordingly.
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GRAPH VIII

SHOWING SCORES OF PUPILS ON TEST VIII

Points.

25

20

15

10

0
Papile: 1 % "5 & B 6 7 8 9 10 11 12 195 14 15 16

Read table thus: Black indicates synthetic method groug;
red indicates analytic method group. The score of pupil 1
of the synthetic method group was 22, and the score of
pupil 1 of the analytic method group 26. The scores are
arranged in descending order.
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RESULTS OF TEST IX

Table X on the following page shows the results of
Test IX--a test on geometric facte. This test was the first
part of the final test and its content was taken from the
entire book. The questions were of the following types "By
what ié an inscribed angle measured?®" A copy of this test is
in the appendix,

The mean for the synthetic method group was 21.8 and the
mean for the analytic method group was 19.4, a difference of
2.4 in favor of the synthetic method group, Similar differences
were found in the respective means of the upper one fourth,
middle one half, and lower one fourth of the two groups. The
range for the synthetic method group was 5-34 and the range
for the analytic method group 5-29. Over one half of the
difference between the two groups is caused by the exceedingly
high score of the pupil of pair 16 in the synthetic method
group who had a score that was 24 points higher than the pupil
with whom she was paired.

Graph IX gives a comparison of the two groups. This

shows a smgll difference in favor of the synthetic method group.



TABIE X... SHOWING RESULTS OF TEST IX...A TEST ON GEOMETRIC

FACTS.
SYNTHETIC ANATYTIC
Difference
Pair Score Score S A
1 26 28 2
2 34 28 6
3 20 24 4
4 28 27 1
5 20 24 il
6 17 23 6
7 21 18 3
8 25 24 1l
9 23 18 B
10 22 17 5
11 28 29 1
12 18 13 1
13 5 5 - -
14 24 1 9
15 10 1 - -
16 24 10 24
Total points 40
Range 5-34 5-29
Mean 21l.8 19,4 2.4
Mean upper
1/4 of class 1.0 28.0 3,0
Mean middle '
1/2 of class 22,6 20,25 2,35

Mean lower
1/4 of class  11.0 9.5 1.5




GRAPH IX

SHOWING SCORES OF PUPILS ON TEST IX
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Read table thus: Black indicates synthetic method group;
red indicates analytic method group.The score of rupil 1
of the synthetic method group was 34, and the score of
pupil 1 of the analytic methcd group 29. The scores are
arranced in descending order.
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RESULTS OF TEST X

Table XI on the following page shows the results of
Test X--a test on definitions. This test was the second part
of the final test and, like the first part, its content was
~taken from the entire book. There were fifty definitions asked
similar to the following: “"What is a median of & triangle?™
A copy of this test is in the appendix,

The mean for the synthetic method group was 34.1 and the
mean for the analytic method group was 35.9, a difference of
only 1.8 in favor of the analytic method group. The mean for
the analytic method group for the upper one fourth of the
class was 2,75 higher than the mean of the corresponding one
fourth in the synthetic method group; while for the lower one
fourth of the two classes there was no difference. Twelve
pupils of the analytic method group made scores which surpassed
the scores of the pupils with whom they were paired, while only
four pupils of the synthetic mefhod group made scores which sur-
passed the scores of the pupils with whom they were paired. The
range for the synthetic methéd group was 18-44 and the range for
the analytic method group was 21-44., If we combine the results
of Tests IX and X we find little difference between the two
groups. This is reasonable to expect as the analytic or synthetic
metrod does not enter directly into the teaching of facts and

definitions.

Graph X shows the comparison of the two classes.
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TABLE XI... SHOWING RESULTS OF TEST X...A TEST ON DEFINITIONS..

SYNTHETIC ANATYTIC _
Difference
Pair Score Score S A
1 A5 6
3 32 5 l (f‘n
4 34 45 9
5 an 4] 4
6 39 4.2
7 32 21 11
8 43 58 10
9 38 99 L
10 37 1
3L 44 0 4
12 23
13 29 ]
14 31 4
15 27 2
16 18 4
Total points 50
Range 18-44 51 =45
Mean 4.1 3549 1.8
Mean upper '
1/4 of class 42,25 45,0 o 75
Mean middle :
1/2 of class 35.0 38,1 3,1
Mean lower
1/4 of class 24,25 24 425 - vt

Read table thus: Black indicates synthetic method:; red
indicates analytic method. Score is expressed in points.
Score for pupil of vpair one for the synthetic method

was 39; for analytic method 45. The difference is 6

in favor of the analytic method. Read remainder of
table accordingly.
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Read table thus: Black indicates synthetic method pgroup;
red indicates analytic method group. The score of pupil 1
of the synthetic method group was 44, and the score of
pupil 1 of the analytic method group 45. The scores are
arranged in descending order.
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RESULTS OF TEST XI

Téble XTI on the following page shows the results of
the third part of the final test--a test on constructions
and loci, Sixteen exercises were given. A copy of this
test is in the appendix.

The mean for the analytic method group was 43.65 and
‘the mean for the synthetic method group 41.3, a difference of
2,35 in favor of the analytic method group. This difference
would probably have been greater if the test had been more
difficult, as the entire upper one fourth of the analytic
method group scored perfect grades, while only one in the
corresponding group of the synthetic method group scored
a perfect grade. Ten pupils of the analytic method group
made scores which surpassed the scores of the pupils with
whom they were paired, while only four of the synthetic
method group made scores which surpassed the scores of the
pupils with whom they were paired., The range for the syn-
thetic method group was 304-48 and that for the analytic
method group 3348, The results of thié test seem to indicate
that the analytic method is slightly better for teaching
constructions,

Graph XI gives a comparison of the two classes and shows

the slight superiority of the analytic method group on this

test,



TARLE XII... SHOWING RESULTS OF TEST XI... A TEST

ON CONSTRUCTIONS.AND LOCI.

SYNTHETIC ANATYTIC
Difference
Pair Score Score S A
1 45 48 3
2 48 48 - .
3 42 46% a4
4 31 48 164
5 44 24
6 42 45
7 A% 353 12
8 45 474 ol
9 39 45 54
10 474 45 2-&
11 43% 48 |4
12 39 384 1
13 39 53 6
14 42 42 - P
15 304 38% 7%
16 344 143 93
Total points 48
Range 304-48 33-48
Mean 41.31 43,65 « 34
Mean uponer :
1/4 of class 46,89 48,00 131
Mean middle ' 3
1/2 of class 42,18 45,18 360
Mean lower
1/4 of class 33935 26.18 2,95

44

Read table thus: Black indicates synthetic method; red
indicates analytic method. Score is expressed in points.
Score for pupil of pair 1 for the synthetic method was 45;
for analytic method 48. The difference is 3 in favor of
the analytic method. Read remainder of table accordingly.
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GRAPH XI

SHOWING SCORES OF PUPILS ON TEST XI
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Read table thus: Black indicates synthetic method group;
red indicates analytic method group. The score of pupil 1
of the synthetic method group was 48, and of pupil 1 of

the analytic method group 48. The scores are in descending
order.



46

RESULTS OF TEST XII

Table XIV on the following page shows the results of
the fourth part of the final test--a test on the solution of
original exercises. This test consisted of exercises in which
were involved such concepts as congruency of triangles and
Parallelism of lines. A copy of this test is in the appendix,

The mean for the synthetic method group was 55.7 and that
for the analytic method’group 66.3, a difference of 10.6 in
favor of the analytic method group. The score for the analytic
method group was almogt 204 greater than the score for the
synthetic method group. In the upper one fourth of the class,
the score for the analytic method group was almost 30% greater
than that for the corresponding one fourth of the synthetic
method group; while in the lower one fourth of the classes
the results were almost identical. The results of this test
indicate that the analytic method is superior for the average
and above average pupil in the solution of original exercises,
but that there is little difference between the two methods
for the slower pupil. The range for the analytic method group
was 26-112 and that for the synthetic method group was 16-94,

Graph XII shows the great difference between the two

classes in the upper one fourth and middle one half.
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TABI.E XIII... 8!10&!!!0 HISUIJ‘B OF T:T ux.c " TEBT W THE
SOLUTION OF ORIGINAL EXERCISES.

SYWTHETIC ANATYTIC
e T i
b 83 72 il
& @9 101 32
é 6t 108 42
5 33 77 44
6 7 69. i
7 49 26 17
e 72 o 21
9 88 68 10
10 24 65 29

60

N

4z

43

33

18

1/4_of clasp 29,8 30,5 1.0
Read table thus: Black indicates gyntnetic method; red
incicates tic methoss Seorc is curessed in polats.

Scora for pupil of pair one for the gymthetie method
waa 73; for analytic nethod 96. Tig difference ie 23
in favor of the anslytic method. fend remainder of
table ascordingl .
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GRAPH XII

SHOWING SCORES OF PUPILS ON TEST XII
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Read table thus: Black indicates synthetic method group;

red indicates analytic method group. The score of pupil 1

in the synthetic method group was 95, and the score of

pupil 1 in the analytic method group 110. The scores are ar-
ranged in descending order.
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CHAPTER IV
SUMMARY AND CONCLUSION

For this study the puplls were divided into two groups,
one group was taught theorems, constructions, loel, and the
golution of original exercises by the synthetic method. The
gsynthetic method beging with a given condition and through
a serics of dependent steps proceeds to the conclusion. The
other group was taught theorems, constructions, loci, and the
solution of original exerciges by the analytiec method. The
analytic method assumes the problem solved and then works
back to a given condition. Otherwise, the two classes were
taught in the same manner.

The two groups were paired according to their intelligence
quotient, ninth grade record, age, sex, and nstionglity, with
the intelligence quotient being considered the main factor.
In order for two pupils to be paired they had to have practi-
cally the same intelligence guotient, to be of about the same
age, to be of the same sex, and to have similar ninth grade
records. In fact there was close agreement in all these
phases. Due to the care used in pairing only sixteen pairs
were obtained from a total of fifty-six students.

A test was given on the average of once every four or
five weeks, depending upon the completion of a unit. Of the
eight tests given, excluaive of the rfinal test, five were the

five terts of the Lane-Greene Unit-Act levement Tebte, while
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the remaining three were devised by the writer,

Let us direct our attention to the results of the Lane-
Greene Unit-Achievement Tests. On the first test--a test on
fundamental ideas of geometry--~the results for the two classes
were about equal--the mean for the synthetic method group
being 1.2 higher than the mean of the analytic method group.
On Test 2 of the Lane-Greene Unit-Achievement Tests--a test
on triangles and parallel lines--the synthetic method group
had a mean of 24,3 while the mean of the analytic method
group was 23,0, ' The results of Tegt 3 of the Lane-Greene
Unit-Achievement Tests showed that the synthetic method group
was slightly superior, having a mean of 22.5 while that for
the analytic method group was only 20.0. On Test 4 of the Lane-
Green Unit-Achievement Tests--a test on circles--the means for
the two classes were almost identical. The mean for the
synthetic method group was only 0.3 higher than the mean for
the analytic method group. Yet if we look af the means for
the upper one fourth of the two groups, we find that the mean
for the analytic method group is 2.0 higher than that for the
synthetic method group; while the mean for the lower ome fourth
of the class 1s 3.0 lower than the mean of the corresponding
one fourth of the synthetic method group. This seems to
indicate that the more intelligent pupils have grasped the
analytic method but that the duller pupils have not yet
grasped it. In the first three tests of the Lane-Greene

Unit-Achisvement Tests the results were quite uniform between



51

the two classes for the upper one fourth, middle one half,
and lower one fourth of the classes,

Let ug see what the results were for Test 5 of the Lane-
Greene Unit-Achievement Tests--a test on similar polygons
and proportion., The mean for the synthetic me thod group wes
13,8 and the mean for the analytic methiod group was 16.3
which is 2.5 in favor of the analytic method group. The mean
for the upper one fourth of the analytic method group was 3.5
higher than the mean for the corresponding one fourth of the
synthetic method group. The mean for the lower one fourth of
the analytic method group was 1.0 above the mean of the cor-
responding one fourth of the group using the synthetic method.
The resilts of this test indicate that the analytic method
group is now doing better work than the synthetic method
group and especially in the upper one fourth of the classes.
These tests seem to show that the duller pupil does not grasp
the analytic method until late in the second semester.

The first test that the writer devised was given during
the ninth week of school and consisted of questions on facts
and defini<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>