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CUAPTER I
PURPOSE AND PROCEDURE

In the school year of 1932-33 the writor had the privilege of construct-
ing the plane geometry tests for the two Nation-wide IEvery Pupil Scholarship
Tests annually sponsored by the Bureau of Educational Measurements of XK.S.¥.C.,
Emporie.., These tests were used in a large number of schools over the countrye.

A study of the results available from the tests revealed the fact that
there is a need for a good standerdized test in the field of plans geometry.
As the writer felt tﬁat the provision of such a test would prove a valuable
and interesting project, it wms debtermined that she should provide tests
vhich might be standardized and vhich might be used in the ;esting Programs
for the two succeeding yearse

In the fall of 1933, tﬁb tests covering the first four months of work
were given to 200 students in the high schools at Hutchinson and Topeka.
After being equalized on the basis of student responses, these two tests
beceme Forms A and B of Test I.

This study consists of a description of the detalls of standardiszing

the tests and an analysis of the results obtained from the use of the tests.
Schools Taking the Tests

Although Form A of both Tests I end II waes used by a great many schools
in the Nation-wide Testing Progrem, both forms of bobh tests were given all
pupils enrolled in plane geometry classes in & limited number of schools.
The purpose of this préceduro was to make an intensive study of the compar-

ability of the corresponding iorms and to refine the instruments. In Table I



are listed the schools used for this purpose end the number of students tak-

ing each form of the test.

TABLE I

NUMBER OF STUDENTS TAKING REACH TEST
IN THE VARIOUS SCHOQLS

e e i o oo
Test I Test IT
Schools 3 = ry =
Abilene 99 97 - —
Amerious 14 13 13 13
Benmington 22 22 20 19
Ellsworth 45 43 20 38
Frankfort 58 b8 58 - 58
Hill Ccity - - 24 26
Herington 48 48 45 45
LaHarpe 20 20 16 | 19
Leavenworth, Immeaculats 74 69 69 65
Madison 28 28 24 26
Miller 8 8 9 10
Salina -— - 101 101
Winfield lo4 | 102 103 104
Total taking test 520 508 522 524

Read table thusy In the Abilene High School 99 students took Test I,
Form A; 97 students took Test I, Form B.



Scope of the Material

This serlies of tests consists of two groups, designated in this study
as Test I and Test IT. Each group is made up of two equivalent forms, Form
A and Form B. For each test the two forma‘are equal in respeot to number of
parts, number of items per part, and type of questions. The content of the
corresponaing parts of'Form A ana Form B of each test is equivalent,

The subject metter covered by the tests is so arranged that Test I mey
be given upon the completion of four months of work and Test II, upon the
completion of approximetely eight mpnths éf work. The content of the test
oohforms to the subject matter as outlined by the Kensas State Course of
Study, the recommendations of the Report of the National Committee on Math=
ematics Requirements, and the College Entrance Exemination Board.

Test I covers the following materials definitions; symbols and abbre-
viatione; fundamental facts; constructions; rectilinesr figures, such as
angles, itriangles, and parallel lines; quadriiaterals and polygons; and cir-
cles up to and including chords, srcs, and central angles,

Test II covers the following material: definitions; symbols; abbre-
vietions; fundamental facts; rectilinear figures, such as angles, trisngles,
and parallel lines; qugdrilaterals and polygons; circles; areas; ratio and

proportion; loci; problems; tundemental construction for fourth and mean

proportions; and other construction problems.

Types of Questions

In Table II are summerized the number and types of test iltems used in

the two torms of Test I and Test II.



TABLE II

NUMBER AND TYPES OF TEST ITEMS IN EACH TEST

T T ey R . AT s e =
Test I Test II
Type of item

A B A B
Completion 33 33 30 30
Metching ; 10 10 —~— -
Problems - 9 9 15(2 ) 15(2)*
Proof 34 34 30 30
Constructions 8(5)* 8(5)* 6(5)* 6(5)*
Total points possible 116 116 122 122

_ Read table thus: In Test I, Forms A and B, there were 33 items in the
completion part. In Test II, Form A and B, there were 30 items in the comp-
letion part.

*The problems of Test II, Forms A and B, each counted two points.
Constructions in all t'orms were weighted, each correct construction count-
ing 5 pointse ’ .

It will be observed thet in Test I five types of questions are used,
namelys completion, mateching, problems, proof, and constructions. The
completion part, Peart X, consists of 33 items covering definitions and
theorems, Part II, also covering definitions and theorems, consists of ten
matching questions with 23 cholces. The large number of choices tends to
control the problem of guessing. Part III is made up of nine numerical prob-
lems; Part IV, of three theorems in which the student has to give the state-

ments of the proof and their reasons; and Part V, of six constructions in

which the student i1s %o use compass and straight edge.



Test II consists of the following perts: completion, problems, proof,
and comstructions. The completion part, Part I, contains 30 items covering
definitions and theorems; Pert II, 15 applied problems; Part III, three
theorems for which the student must give the statements of the proof and
their reasons; and Part IV, six consbtructions in which compeass and straight
edge are used,

The several tests and the scoring keys provided for them follows



TEST I

Published by

Possible SCOTe iniennneen 116
Bureau of Educational Measurements
FORM A Kansas State Tenchers College, Emporia
§ PLANE GEOMETRY STUDENT'S
Time: 40 minutes, SCORE
By Ida S. Becker, Americus, Kansas
Name ............ vesvereseeremunrsonon vereemearacoeearresereneane ereeenn ALC i Grade ......... eemerevecermnenennonn
School oo bt mmeaee e comreasanaranennannnans A CHOY <.t er et e e e e meams s
L OWIL e e e cemm e e e e e State e Date oot
PART X
(Possible score, 33) SCOTEC.....cormeerrererens
DIRECTIONS: In each of the following statements a word, phrase, or number has been

omitted where the stars (****) are placed. Write the appropriate word, phrase, or number

on the line below the statement.

1. An angle formed by two perpendicular lines is a ****,

2. An angle whose size is hetween a zero angle and a right
angle is called an ****,

3. Two angles whose sum is equal to a straight angle are
called ™¥%,

4. A theorem which follows immediately as a consequence
of some other theorem is called a ™",

5. Complements of equal angles are ***¥,

6. A triangle with no two sides equal is a ****,

7. In a right triangle the side opposite the right angle is
called the #*#*,

8. Two line segments or two angles that may be made to
coincide are %%,

9. A line intersecting each of two or more lines is called
a l("k*t:_

10. The line from a vertex of a triangle to the midpoint of
the opposite side is a ****,

11. The length of the broken line which forns a polygon {s
called ity ****,

arerae

19. If the angles of & polygon ave equal respectively to Lhe
angles of anothier polygon, taken in the same order, the
polygons are said to be ****,

13. The sum of the two acute angles of any right triangle

i g wmmE

14. Two angles whose sides are respectively parallel are ****.

15. The sum of the interior angles of a polygen of n sides
iS #tr»*lk‘

................................... Seasarureanat st reanan

16. The locus of all points equidistant from the sides of an
angle lies on the **** of the angle,

17. If a line moves except along itself it is said to generate
a #‘t‘»ll‘»lt_

18. To cut into two equal parts means to ****,

19. The bisectors of two complementary adjacent angles
form an angle of **** degrees,

20. Int any triangle the angle opposite the base is called the
LR angle.

21, If the three altitudes of a triangle are equal, the trilangle
ig e,

............. e

22, A quadrilateral having two and only two of its sides
parallel is a (an) **4,

93, The line which bisccts two sides of o triangle is *¢** {o
the third side and equals one hall of it.

24. The size of the smaller angle formed by the hands of a
clock at 2 o'clock ls **#%,

95, If BC:=¥%AB and AB=:
of BC.

Copyright, 1084, by Kunsus State Teachers Colloge, Bmporia, Kansas,



26.

. An angle whose compl s °
itself equalg ##*w plement is G8

28,

29.

DIRECTIONS: Read each of the following statements and
think what word or words complete it. Then find the word
or phrase in Column IT and write its number in the paren-

thesis before the statement. An answer may be used more

The supplement of a 38° angle jg w+e+

more than the angle

A central angle of 80° intercepts an arc of ****,

The total number of degrees in t interior
T e veas, 2 he interior angles of a

0. The number of sides of an equisngular polygon, each of
whose exterlor angles egtals 207, 1y 229,

31, If four angles of o pentagon are 95+, 807, 100®, and 110°,

Lthe fifth ong iy #w**,

32. If the median of a trapezoid is 13 and the lower base is

18, the upper base s =#»#,

PART I1

(Possible score, 10)

than once.

(4]

Column I,

. Two straight lines perpendic-
ular to the same line are

. Two congruent figures can be
made to

. The interidr angles of a rec-
tangle are

. If equals are subtracted from
equals the differences are

. An exterior angle of a tri-
angle is greater than elther
non-adjacent ‘

. If two adjacent angles have
their exterior sides In the
same straight line they are

. In any triangle at lengh two
of the anpgles axre

8. 1f two consecutive angles of

o quadrilateral are right an-
gles, thie hisectors of the oth~
er two angles are

. A plane figure witlh N sides 18
a

. A line which touches a clr-
cle in only one place is a

Column IX.

acube

areq

chord

circle

. coincide

. complementary
, equal

., exterior angle
. interior angle
. isosceles

. obtuse
parallel

. perimeler

. perpendicular
15, polygon

16. proof

17, right angles
18. rhombus

© o m Ao b

[ S S
Lol =]

19, secaut;

20, supplomentary
a1, tangent

a2, trapezokl

a4, vertien) sngle

PART IIX
(Possible score, 9)

Boore .......weeee

DIRECTIONS: In each of the following problems compute

C

>
®

the answer to epch questions and write it on the dotted line.

I. (Figure 1)

PQ//AB

[B=1 /A
JPQB = 1470

1, JPQC= ..o, o
2. /CAB:= 2
3, /ACB=.... o

I1. (Figure 2)
AB/CD
Koiat
£vi=128°

4. /‘x “w(!
5 ¢y

g w

IIT. (Figare 3

) i the center of
cirple

At AC - 4l

T IO e °
# OAC T
g .oBoc LT




PART 1V
(Possible score, 34) Score

DIRECTIONS: In each of the following problems study the figure and the statements of what is given and what is to
be proved. Write the steps of the proof on the lines left for this purpose under “Proof.” Next find the reason for each
step of your proof in the accompanylng “List of Reasons,” and write its number in the parenthesis following the step.
There should be as many steps in a correct proof as there are lines left for then.

C List of Reasons
E D
1. Given.
A Proof Reasons 2. Identical,
B Example (a). AC=BC (a)y (1)
3. Two triangles are congruent if three
Fi 9. 4+ 1o, 1.0 ) sides of one are equal respectively to
: three sides of the other,
GIVEN:
AC=BC 2 e 2. () 4, Two triangles are congruent if two
gsides and the included angle of one
BD=AE ~ are equal respectively to two sides and
3 ... 3¢ ) the included angle of the other,
TO PROVE:
AABE==AABD L OOV 4. ( ) 5, Two triangles are similar if three an-

gles of one are equal respectively to
three angles of the other,

8

6. Two triangles are congruent if two an-
gles and the included side of one are
equal respectively to two angles and
the included side of the other.

7. If two parallel lines are cut by a
transversal, the alternate interior an-
gles are equal.

o
b
~
e

B eeeeeer e naean s e emsamaasasanes 6.
€ 8. If two parallel lines are cut by &
transversal the corresponding (exter-
Fi g- S 1. O 7.0 ) ior-interior) angles are equal.

GIVEN: 8.

9. If two lines are cut by a transversal
AB=BC 0 making the alternate interior angles

[ : N 8. ¢ ) equal, the li e parallel,
ADLDC q ines are para
TO PROVE: 10. If two sides of a triangl_e are equal, the
angles opposite these sides are equal.
Ir=/3 ‘ '
11, If two angles of a triangle are equel,
the sides opposite these angles are
C equal.
N 10 ) ‘ 0. ¢ ) 12. Equals may be substituted for equals.
B OO 11, ¢ ) 13. If an angle is divided into twe equal
pgn'ts by a line, the line is called the
A M B 1 . 19 ¢ ) bisector of the angle. .
Fi q- b 13. 13, () 14, Quantities which are equal to the
. same quantity, or to equal quantities,
CTVIEN: 14, 14, ¢ ) atre equal to each other.
AB==BC
16. 16. ¢ ) 15, Corresponding parts of congruent tri-
MN // AC angles are equal,
TO PROVE: 16. 10.¢
16, If equals are subtracted from equals,
MB=NB 17, ¢ ) the differences are equal.




PART V

(Fossible score, 30) Score

BIRECTIONS: In these exercises you are to make certain formal constructions. Compass and -straight-edge s
are to be used. All necessary construction lines should appear in the completed figure.

1. Find & point O equally distant from Lhe three vertices 4. Construct an isosceles trigngle ABC in which /B
of the iriangle ABC, vertex angle and AB is a side,

| cC |
| /\ ‘ A B
N . B<

2, Construct the altitude BE to side AC of Ghe triangle ABC,

5. On line AB construct a right triangle ABC when/¢
line AB are as given.

B |
ﬂ A |
A C
C
"3, On line AB construct AABC in which ZA is as glven and
LB /A,

6. At P on line MN construct an angle OPN which will ¢
1350,




GEOMEIRY TEST
Test I Form B
PART 1
DIRECTIONS: In each of the following statements a word, phrase, or number
has been omitted where the stars (%#*x) are placed, or a question has been

asked. Write the appropriate word, phrase, number, or enswer on the line
at the left of the statement. '

Ad jacent
. 8angles le Two angles which heve a common vertex and & comnon side
between them are called **x,
Obtuse
angle 2s An angle whose size is between a right angle and e straight

angle ig an (&) **+,

Complementary 3. Two angles whose sum is equal to a right angle are ***,

.Theorem 4. A statement whose truth admits of a proot is called a (an)
K ,

Equal 5. Supplements of equal engles are ***,

Isosceles

triangle 6s A triangle that has any two of its sides equal is called
(8) an *x=%,

Logs 7+ In a right triengle the two sides of the right angle are
called #*x*,

Congruent 8. Two closed figures which can be made to coincide are said
to be #*¥k,

Parallel lines 9., Lines that lie in the same plane and that cannot meet
however far produced are called ***,

Altitude 10, The line from a vertex of a triengle perpsndicular to the
opposite side is called (a) an *#x,

Disgonal 11, The line joining eny two non-consecutive vertices of a
polygon is (&) an »k#,

Congruent 12. Two polygons which are mutually equiaengular and mutually
equilateral can be made %o coincide and are said to be *xx,

180° 13. The swm of the three engles of any triangle is equal
to kkk,

Equeal or

supplementary 14. Two angles whose sides are respectively perpendicular to
each other are ¥wx¥,




360° 156
Perpendicular
bisector 16.
1line 17.
Bisector 18.
90° 19.
Hypotenuse 20,
Isosceles 21,
Quadrilateral 22.
Medians 23,
120° 24,
4BC 254
43° 26,
55° 27
60° 28,
65°-35°-80° 29,
540° 30.
40 3l.
11 32
160° 33,

10

The sum of the exterior angles of a polygon formed by
producing the sides in succession is **=*,

The locus of all points equidistant from the extremities
of a line is the x*x,

A moving point is said to generate a (an) »x,

If & line divides an angle or amother line into two aqual
parts it is called a (an) ***,

The bisectors of two supplementary adjeacent angles form
an angle of *¥%,

In any right triangle the side opposite the right angle
is called the #*x#,

If only two eltitudes of a triangle are equal the triangle
iz *%%k,

A polygon formed by four straight lines is a (an) %k,

The *** of a triangle meet in a point which is two-thirds
the distance from eny vertex to the mid-point of the
opposite side.

The size of the smeller angle tormed by the hands of a
clock at 4 p.me is ***,

If BC = 1/3 AB and AB m 2 XY, then 1/8 XY & *** in terms
of BC.

The complement of a 47° angle iz #*x,

An angle whose supplement is 70° more than the angle itself
aquel s ¥k,

A central angle of 60 degrees intercepts an arc of #***,

If the sum and the difference of two angles of a triangle
are respectively 1007 and 30°, the three angles are *xx,

The total number of degrees in the interior angles of a
pentagon is *#*%,

An eguisngular polygon, each of whose exterior angles
equals 9° has *** sides.

If the upper and lower bases of a trapezoid equal 156 and
7 regpectively, the length of the medien is #wk,

Two perallel lines are oub by a transversal. If ome of the
two interior angles on the seme side of this transversal 1is
eight times the other, the number of degrees in the larger
angle ls *¥¥,



DIRECTIONS:
words complete it

PART II

mey be used more than once.

(19) 1., Perpendicular mekes not only equal adja-
cent angles with the line but also

(17) 2. In a theorem the line of argument lead-
ing to a conclusion is called the

( 8) 3. Alternate interior angles of parallel
lines are

(14) 4. The opposits sides of a parallelogram
are equal and

( 9) 5. The number of sides of a quedrilateral is

( 2) 6. The number of square units in a olosed
plane figure is cmlled the

( 6) 7. If equals are divided by equals, the
quotients are

(20) 8. A straight line which intersects a oircle
in two points is called a

(13) "9, The supplement of the complement of an
acute angle is always

(21) 10+ If the non-parallel sides of a trapezoid
are equal, the trapezoid is

PART IIIX
DIRECTIONS:

1.
2.
3.
4.
5e
B
Te
8.
9.
10.
11.
12,
13.
14,
1s5.
18,
17.
18.
15,
20,
2l.
22,
23.

11

Read each of the following statements and think what word or
Then t'ind the word or phrase in the list of answers
and write its number in the parenthesis before the statement.

An answer

Acute

Area

Chord
Conclusion
Complementary
Equal
Exterior angle
Five

Four

Given
Isosceles
Interior angle
Obtuse
Parallel
Perimeter
Porpendicular
Proof

Unequal

Right angles
Secant
Supplementary
Teangent
Trapezoild

In each of the following numerical problems you are to compute

the answer to the question and write it on the dotted line.

I. (Figure 1)
PQ // AB

/APQ = 118°

/PQB = 146°
1./¢C=

B4

2. /A= 62

3. /B a_3&



DIRECTIONS:

statements of what is given and what is to be proved,

PART IV

IT. (Figure 2
AB // CE
ok | st

/ toB = 28°

4.[):: 152

5.‘1 N
6.‘1 w

90

)

118

III., (Figure 3)

o is the center of &

FB | OE

[ CEo = 28°

7. /OBA =z _ B9 °
8. /Aa0B = _ 62 °
9. / EOB = _ 118 °

In each of the following problems study the figure and the

Write the steps of

the proof on the lines left for this purpose under "proof." Next find the
reason for each step of your proof in the accompanying list of "reasons."
Write its number in the parenthesis following the step.
many steps in a correct proof as there are lines left for them.

1.

l.
2.
3.
4,

© 1%

Giveny AB = DC
/Bhe = /DCA

There should be as

o To prove:/\ ABCZ A ADC
Proof Reasons
AB = DC 1. (1)
AC = AC 2. (2)
_/ BAC = / DCA 3. (1)
/\ ABC & ,\ ADC 4. ( 4)




2. A

Given: BE = ED
15 N"a— ED // BC

To prove: / ABC is bisected by BD

c
5. BE a ED 5, (1)
A TVA 6. (8)
7. ED // BC 7. (1)
8. _[z23/y 8. ( 8)
9, [xa /J 9. (13)
10./ABD is bisected by BD jq, (12)
3.
o) O
\/\ Given: DO = OB
N W? ? LYe/2
To prove: DF = EF
€
11, DO = OE 11. (1)
12, OB = OB 12, ( 2)
13, [ya/e 13, (1)
14, [L2z=/x 14. (15)
15, [x=/¥ 16, (11) or 13
16. [\ DOF &= A OEF 16, ( 4)
17, DF = EF 17. (14)
Roasons for Part IV
l, Given.

2, Identical.



14

3, Two triangles are congruent if three sides of one are equal respsctively
to threse sides of the other,

4. Two triangles are congruent if two sides and the included angle of one
are egqual respectively to two sides end the included engle of the other.

5. Two triangles are congruent if' two angles and the included side are
equal respectively to two angles and the included side of the other,

6. If two parallel lines are out by a trensversal, the alternate interior
angles are equal.

7T+ If two parallel lines are cut by e transversal the exterior=inbterior
angles are equal.

8, If two sides of a triangle are equal, the angles opposite these sides
are equal,

9. If two angles ot a triangle are equal, the sides opposite these angles
are equal,

10, If equals are subtracted from equals, the differences are equal.
11, Equals may be substituted for equals.

12. If an engle is divided into two equal parts by a line, the line is
called the bisector of the angle,

13. Quantities which are egual to the same guantities, or to egqual guan-
tities, are equal to eamch othere.

14, Corresponding parts of congruent triangles are egual,
15, Vertical angles are equale.

16, Complements of equal angles are equal.

PART Vv

DIRECTIQNS: In these exercises, you are to make certain formal constructions.
Compass and straight-edge alone are to be used. All necessary construction
lines should appear in the completed figure.

l, Find a point O equally distant from
the three sides of triangle ABC.




4.

2e

Construct the medism BE to side AC of
trisngle ABC

'4
A 7
\}((
~,
RN .
3

Construet e trienglie ARC in which
AC = 2AB and Z}.is as glven.

\

\

\

\

\

\

L \

/ \ \
iy 1 ©

At Y on line X2 construct an angle
WYZ vhich will equal 75°%.

~=h o

15



5. Construet an isosceles triangle ABC
in which /B is the vertex angle and
AC is the base.

1Y)
A
7\
/7
/ Y
!
® T
’ ’
e i I’ \
" \ ‘ ¢ \
x’ \ / ? \
PRt \ ,’ )
s L Bl Vg RS VI
SNy K4 \‘ Py
\ N RN
' ¢ A \
\ 7 vy \
\ / " \
1 3 1
\ P I c
\
\
\ g
AR Y

6. On line YX construct a right triangle
XYZ in which XZ is equal to & of XY.

S~ ! P had
3
2T
Lol B
e 4
’ -:‘Z_ ~
P L AY Ve
t N/
\\ \’
¥ S o N\
4 ~~ ," \\
: \\\l ‘
i *
f { \~’\
/ ) ',l 1 RN
! t H \\
[P RN | ' [
'. X N Y
1 / !
1
1
t
4
\\ 1 P
\L/
\

AN

4
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Kansas State Veachers College, Empinia
FORM A
PLANE GEOMETRY
By Lin 8 Decker, Ameviens, Kanans STUDENT'S
SUORE oo emrsasanen

Tine: 4% minudes,

NAME et maeeaas eeemmmtom o esanaas ALC eemreenereersesenis. GEAAE reererereeeenasesnansnracas
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L0 3755 S Metasmeesnsssreneeemnsnsasenruesanneeeiasaannen BHate s e Date ...... ermaaons ertrmm——n
PART 1
(Possible score, 30) Score ...

DIRECTIONS: In each of the following statements a word, phrase, or number has been
omitted where the stars (****) are placed. Write the appropriate word, phrase, or number
on the line helow the statement,

[

. A closzed curve all points of which are equidistont from 13, Allernate interior angles of parallel lines are *#9%¢,
2 point within called the center is a ****,

14, Triandls whose sides are vespeetlvely perpendiculsr
% A theorcem which follows immediately an o consequence QLG ¥hie, p vy b
of sonie other theorem is call o (an) **4*,

3. The sum of the interlor angles of o polyron of n sides C.lji(Ll(i a (L'm) ie‘m&m’ b interscels @ elele in- bwo points 1s

iS LLLL

1 angle tormed by two radil of a civele is ealled & (an)

4, The locus of all points equidistant from the sides of an

N W o
angle lies on the **** of the angle. e,
5. A triongle with no two sides eyual is 8 (an) =+, 17. A polygon whose sides ave tongents to a circle js called
a (an) llnl’kﬂv‘

¢. Two angles which have a comnion vertex and o common
side butween them are called **#%, 18, A figure formed by an arc and its chord is called a (an)

{ #rek of o cirele,

7. An angle whose siz en the size ol a right ahgle
and thaf of a straight angle is a (an) **=. 19, An equation whose members are equal ratios is ealled
a (an) wE,

8. Two angles whose sum is equal to a right angle are ****,

‘he perpendicular drawn from the vertex of a triangle
to the opposite side 15 ealled n (an) ¥ee,

the eovresponding sepents of another line, the two lines
are siid 1o e divided *e«*,

‘l'ii',”'.j,:‘i:xl(:".::.i‘;;(z'(.;f i;i}é"'.k;lx’xlelts1~ angle formed by the hands of o
clock at 6 p, m, dg wove,

Db aven of .vt‘(m“"'\‘:‘*;'if(]rquul to half the pradiuet of the
divpemaly,

11 The copuplement of @ 57 augle iy 49,

"""""" AN el formed by the intersseton of (wg ciords withe
Pl L AL ‘ in g eively ogquals numerleally #res,
lon 15 called the

" lﬁl}ﬁt’lll, “I:Id,llvﬂl"qlllwlllll;:i‘.lh“lll'lnllllll Hnﬂt‘[gv Kuninn,




24.

The **** gf o chord passes through the center of the

circle.

28,

......

An angle formed by o tangenk und_a chord drawit from
the polnt of tangeucy eguals numerically ****,

A pars{ilelogram ingcribed in o circle is a **,

. The aren of a triangle aquals **+*,

[y

28, Mutually equiangular triangles are ****

......................................................

.~ If the angles of one polygon, taken in order, are
respectively to those of another, taken in order, the
gons are sald to be ***

A stratght line v-l.l'iich joins any two points on a

30.
and passes through the center is a (an) ***¥,

PART ¥I .

(Possible score, 30)

....................

DIRECTIONS: Work each of the following problems and write the answer on the line

below the problem.

., Find ihe area of a triangle if its base and its altitude

arc 9 and 6 rcspectively,

LA sf&e of a rhowbus is 5; its dlagonals are G and 8, PFind

the altitude.

=11

. State the following proportion hy inversion 4/8 = 6/12.

. If two corresponding sides of two shinflar polygons are

15 and 20, what Is the ratio of thelr perfimeters,

=

How high is a {ree thot casts n shadow 60 Teel long if an
8-foot vertienl post casls o shadew 10 fect long af the
same thme?

CThe Ligpofenuse of o right teangle 18 75, and one slde

5 60, ind Che altitude upon the hypolenufe,

9. Find the side of a square.whose diagonal is 12,

10, Find the area of an equilateral {riangle if a side i

. In an isosceles triangle find the area if a leg is 8 a1
altitude is 8.

The angles of an inscribed iriangle are 40°, 60°¢
80°. The bisectors of the angles meet the cir
X, ¥, and z. Find the size of the angles of triangle

12,

, If two tangents are drawn from a point P to a cirel
the intercepted arcs when angle P formed by th
gents is 40°,

. How many degrees are there in each of the angles
inscribed triangle if the ares suhtended by the sid
in the ratio-of 5:7:12.

.'.Iﬂrc)ih"iiﬁ"t':‘;;i.e'i"iialmﬁéih"b a secant and a tanger
drawn tc)‘n cir¢le, If the tangent is 9 and the sec
27, what is the Internal sepment of the secant?

......................................................



1
(Pogslble score, 32)

PART XXX

DIRECTIONS: Iu each of the following problems study the figure nnd tlie slatements of what is given and what 13 to
he proved. Write the steps of the proof on the Unes left for this purpose under “Proof”” Next find the reason for each
step of your proof in the accompanying ‘List of Reasons,” aud write its uumber in the parenthesis follawing the step.
There should he as many steps in a correct proof as there are are lines left for them,

C

A B

Fig. 1
GIVEN: AC=EBC

D and E are mid-points of
AC and BGC respectively,

TO PROVE: AACEx=ABCD

! Fig 2

GIVEN:

In circle O, arc AC=arc CB;
AB and CD are intersecting
chords.

TO FROVE: AACE~AACD

B

Fig. 3
Parpllelogrom ABRCD,

FIVEN:

E is the mid-polnt of AB; ¥ s
the mid-point of CL.

TO PROVE: ARCE is o parallelo-

{Traanm,

10.

Proof

Reasons
L( )
2.0 )
¢ )
4. ¢ )
5.( )
6. ¢ )
7.0 )
8¢ )
8. ¢ )
10. ¢ )
1L, ¢ )
120 )
18.( )
4.0 )
16 C )
8¢ )

[Z- R

«

10.

11,

12.

4.

15,

16.

1.

18.

19.

20.

oy
i

List of Rensonsg

. Hypothesls (given)

Identical

A quantily may be substituted for its
equal in any process.

, If equals are added to equals, the

sums are equal,

. Halves of cquals are equal,

. Corresponding narts of congruent tri-

angles are equal,

. Two triangles are congruent if two

angles and the included side of one
are cqual respectively to two angles
and the included side of the other.

. Two triangles are congruent if two

sides and the included angle of one
are equal respectively to two sides and
the included angle of the other,

. Two triangles are congruent if three

sides of one are egual respectively to
three sides of the other,

The base angles of an isosceles tri—'
angle are equal.

Two triangles are similar if two angles
of one are equal respectively to two
angles of the other..

Two triangles are similar if their cor-
responding sides are propoitional,

. The opposite angles of a parallelogram

are equal.

The opposite sides of a paralielogram
are equal.

The opposite sides of a parallelogram
are parallel.

The diagonals of a parallelogram bi-
sect each other.

If two sides of n guadrilateral are
cqual and parallel, the figure is a par-
allelogram,

An inseribed angle is measured hy
one-half its intercepted arc.

An angle formed by a tangent and a
chord equaly one-halt iis intereepted
e,

An angle formed by two chwords inter-
secting within a cirele equals ong-half
the stim of the infereepted axes,

. IE two parallel Hues are eul hy @

tramsversal, the extetlor=Interior (cors
responding) angles nroe egual,

LIt two patallel lnes are cut by a

irausversal, the allernate-interlor ane
ples are equol



PART IV
(rossible xeore, 30)

DIRECTIONS: In these exerclges you are
are to be used, Al nccessary constructlon

to make certain formal consiructions. Compass and straight-edge alone
lines should appear in the completed figure.

4. Construct o line x which is ‘the fourth proportional fo

1, Construct an isosceles triangle with & base equal to b and
lines a, b, and o

two sides each equal to o.

b R S
e LT
c

5. Construct a rhombns with its acute angles equal to y and
the diagonal joining the vertices of these angles equal fo

.

2. Construct the three medians of {riangle ABC.

0. Find all the points at a given distance d from a fixed line
AB and equidistant from two given points C and D.

3, Construct a. circle ingeribed:in the trinngle ABC,




BECKER-SCHRAMMEL
Plane Geometry
KEY
TEST I FORM A

Papers must be scored according
An omission is counted as an error.

Possible score:

to this key.

Part I 33
Part II 10
Part III 9
Part IV 34
Part V 30

Total score 116

PART 1

Allow one point for each correct answer. Pos-

sible score, 33.

PAGE 1 PAGE 1
"PART I PART I
Column X Column IX
1. right angle 13. 90°
14. equal

2. acute angle

or supplementary

15, (n—2)180°
3. supplementary angles
16. bisector
4, corollary
17. surface
or plane
5. equal
18. hisect
6. general
or scalene
19, 45¢
7. hypotenuse
20, vertex
8. equal
21, equilateral

9, transversal
22,

10, median

11, perimeter

12, mutually equiangular

or equiangular

trapezoid

23. parallel

24. 60°

25. %RBOC

PAGE 2
PART 1
Column I

26, 142°

27, 11°

28. 80°

29, 1T720°

PART II
Each correct answer counts
one point. Possible score, 10,

1. (12

2. (5

3. (7T or 17

4, (1

5. (9

6, (20

8 (14

8. (16

10. (21

PAGE 2
PART I
Column II

30. 18

31. 14Be

32. 8

33. a>c

PART III
Each_ correct answer counts
one point, Possible score, 9.

1. 33
2. 68

3. 81

sor each

cipe (1

3 :;’{MB (14

iof and

“MB (8

PART V

Allow 5 points for each accurate construction. Score each
construction either right or wrong. Allow no partial values.
Detailed drawings are given for each. The intent is that
each construction shall be made accordingly, by standard
construction methods. CARELESS AND INEXACT WORK
SHOULD NOT BE CREDITED AT ALL. Where the cholce
of & radius is arbitrary, the key figures are only suggestive
of detalls. Allow full credit for any other construction that
is correct. For No. 1 perpendicular bisectors for any two
sides are sufficient. For No. 5 the right angle may be either
at A or at B. Possible score, 30.

PAGE 4 PAGE 4
PART V PART V
Column I Column II

f\c




KLY

BECKER-SCIIRAMMEL
Plane Geometry

TEST 11

FORM A

Papers must be scored according to this key., An
omission is counted as an error,

Possible scove:

Part T ... 3!
Part X1 rrstiasevensntynsneretane 31
Part IIL ....necncesseenneine ; 32
Part IV 1
Total score 122
PART I
Allow one point for each correct answcr. Possible
score, 30.
PAGE 1 PAGE 1
PART I PART I
Columr. [ Column II
1. circle 13, equal

2. corollary
3. (n—2)180°, (n—2)2rt. 4

or (n—2)st. 2

4, bisector

5. scalene triangle

6. adjacent angles

7. obtuse angle

8. complementary

9. altitude

10, 150°

11. 38°

12, proof

14, similar

15, secant

16, central angle

17, eircumseribed polygon

18, segment

19. proportion

20. extremes

21, proportionally

22, rhombus

23. % the sum of the
Intercepted arcs

FAGE 2
PART I
Column X

24, perpendicular bisector

25, 14 its intercepted arc

26. rectangle or square

217,

14 BH, or

1% base X altitude

score, 30.

PAGY 2
PART 1
Column II

28, similar

29. mutually equiangular

30. diameter

PART II )
Tach correct answer counts two poinis. Possible

2.48 or 4%

5. 8/4=12/6

6. 15/20, or %

7. 46

9. 64/2, 8.4, 848, or 8.5~

10. 4+/3, 6.92, or 6.9

11, 312, 31, or 5~/37

12. 50°, 60°, 70°

13. 140° and 220°

14, 37%>°, B2%~°, 90°

15, 24

PAGE 1
PART XIX
Allow one point for each
correct step of a proof and
one point for each correct
reason. Note that for the
problem relating to Figure 3
two alternate proofs are glv-
en. For each of the prohlems
any other proof, if correct,
should be credited for the
same number of points al-
lowed for the proof furnished
in this key, Steps 1, 2, and 3
may be stated in any order.
Steps 5, 6, 7, 8, and 9 may be
stated in any order. Possible
score, 32,

1, AC = BC 1, (1
2.CD = CE 2. (5
3. /C = 4C 3.

4. AACE = ABCD 4.

5, arc AC = arec BC 5.

6. £D == % arc AC 6.

7. LZCAB=% arc BC 1.
8 /D = LCAB 8.

9. LC = LC 9.

10. AACE ~ AACD 10. (11

11. BC = AD 11. (14
12, AE = %AB 12. (1
13. CF = »CD 13. (1

14, AR = CF 14. (5

15. AE // CF 15. (15

16, ARCT Is o paral-
lelogram 18, (17

Alternate Proof
11. BO = AD 11, (14
12. AB = CD 12, (14
13. AR = CF 13. ( 5
14, AE // CF 14. (15
15. ARCE is a
parallelogram 15, (17

Allow 5‘ points for each nccurste construction. Score ench
construction either right or wrong. Allow no partial values.

Detailed drawings are given for cach,

The intent is that

each construction shall be made accordingly, by standard

construction methods.

CARELESS AND INEXACT WORK

SIIOULD NOT BE GREDITED AT ALL. Where the choice
of a radius is arbitrary, the key figures are only suggestive
of details., Allow full credit for any other construction that
is correct. For No. 3 bisectors for any two angles are suffi-

cient. Possible score, 30.

PAGE 4
PART 1V
Column I

PAGE 4
PART IV
Column IX

b
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PLANE GHOMETRY
Test 1T Form B

PART I

DIRECTIONS: In each of the following statements a word, phrase, or number
has been omitted where the stars (***) are placed. Write the appropriate
word, phrase, or number on the line at the left of the statement.

Concentrioc cirecles 1.

Theorem 2e

360° or &4 rt. /8§ Be

Perpendicular
bisector 4.

Isosceles triangle 5.

Right Angle B

Acute Angle Te
Supplementary 8.
Median S
120° 10.
122° 11,
Interior angle 124
Perpendicular 13,
Similar 14.
Tengent 16.

Cireles having the seme center but different radil
are ik,

A sbatement whose truth may be proved is celled a
(an) »x*,

The sum of the exterior angles of a polygon formed
by producing the sides in succession is ¥k,

The locus of all points equidistant from the
oxtremitios of a line is the *%x*,

A triangle any two of whose sides are egual is
called a (en) *k*,

An angle formed by two perpendicular lines 1s a
(an) *kk,

An angle whose size is bebwsen the size of a zero
angle end thet of a right engle is called a (an) *xx,

Two angles whose sum is equal to a straight angle
are *ik,

The line from & vertex of a triangle to the midpoint of
opposite side is a (an) *¥x,

The size of the smaller angle tormed by the hands of
a olock at four ofclock is +%*,

The supplement of a 58° angle i3 ***,

An exterior angle of a triangle is greater than
either nonadjacent *%k,

If two oconsecutive angles of a quadrilateral are right
angles, the bisectors of the other two angles are #xx,

Triengles with parallel sides arec ***,

A straight line which touches & cirele in only one
place is called a (an) s,



Insoribed angle 16,
Inscribed polygon 17.
Sector 18,
Ratlo 19.
Means 20,
Proportionally 21.
Square 22,
% difference of their
intercepted arcs 23.
Pe;pendicular 24,
% its intercepted

are 254
Supplementery 26,
Base times

altitude 27,
Similar 28.
Similer 29.
Chord 30.

21

An engle whose vertex 1s on a oircle and whose sides
are chords is oalled a (an) »*=*,

A polygon whose sides are chords of a oirecle is oalled
a (an) wrk,

A‘figure bounded by two radii and thelr intercepted
arc is onlled a (an) #x,

The relstion of one number to snother is called a
(an) *xx,

The seocond and third terms of a proportion sre oalled
the *xx,

Then the segments of one line have the same ratio as
the corresponding segments of another line, the two
lines are said to be divided #ux*,

The ares of *%%x 1z equel to half the square of a
diagonale.

An angle formed by two tangénta equals numeriocelly =**,
A line drawn through the center of a circle so that it
bisects a chord which 1s not a diameter is *¥x to

the chord,

An inscribed angle equals numerically ***x,

The opposite engles of an insoribed quadrilatersl
are ¥¥x,

The aree of a rectangle equals *#¥

If an acube angle of one right triangle is equal to
an acute angle of emother right triangle, the two
triangles are #u*,

If two polygons are mutually equiasngular and their
corresponding sides are proportional, the polygons
are *kk,

A straight line jolning any two points on @ oirole
is oalled a (an) *w#*,



22
PART II

DIRECTIONS: Work each of the following problems and write the enswer on the
line at the left of the problem.

16 1.

7 2.

6 3.

8 4,
8/5 w 9/x 5,
20/30 or 2/3 R
15 £t 7o
12 8.4
5.65, 5.6, 5.7, 4/2 9.

15,57, 15.5, 156, 9/3 10,

22,96, 22,9, 23, 4/35 1l.
65°=60°-55° 124
130° - 230° 13,

80°%~ 60°%-~ 40° 14

12 15,

Find the area of a triengle if its base and its
altitude are 4 and B respectively.

A side of a rhombus is 5; its diagonals are 7
and 10. Find an altitude.

Find the fourth proportional to 2, 3, and 4.
Find the third proportional to 2 and 6.

State the following proportion by inversion
5/8 = x/9.

If two corresponding sides of two simllar
polygons are 20 and 30, what is the ratio
of their perimeters?

How high is a tree, that casts & shadow 25
feet long, if a 3-=foot vertical post casts
e. shadow 5 feet long at the same +time?

The hypotenuse of a right triangle is 25 and
one let 1s 20, Find the altitude upon the
hypotenuss,.

Pind the side of a square whose disgonal is 8,

Find the ares of an equilateral triangle if
the side is 6.

In an isosceles triengle find the area if a
log is 7 end the altitude is 4.

The angles of an inscribed triangle are 50°,
60°, and 70°, The bisectors of the angles
meet the cirele at X, Y, and Z., Find the
angles of the triangle XYZ.

If two tangents are drawn trrom & point P to a
elrecle, find the intercepted arcs when angle
P formed by the tangents is 50°,

How many degrees are there in the engles of an
insoribed triangle if the arcs subtended by
the sides form the ratioc 4:6:8,

From an external point a secant and a tengent
ars drawn to a cirele. If the tangent is 8 and
the secant 1s 16, whet is the internal segment?



PART III

23

DIRECTIONS: In each of the following problems study the figure and the
statements of what is given and what is to be proved, Write the steps of
the proof on the lines left for this purpose under "Proot." Next find the
reason for each step of your proof in the "List ot Reasons" on the opposite
page, end write its number in the parenthesis rollowing the step. There
ghould be es meny steps in & correct proof as there are lines left for them.

C
GIVEN: A ABC 1s isosceles;
E D end E ere mid-points
© of AC and BC respectively.

TO PROVE: A\ ABD= 4 ABE

A B

Proof Reasons

1., AB = AB 1. ( 2)

2, Z CAB m Z EBA 2. (10)

3, 4AD = BE 3. ( 5)

4,AABDZ= A ABE 4. ( 8)

GIVEN:

5. / CBA is meas. by & BB s,

6. / D is mess. by & KEB 6.
7./ CBA = /D 7.
8. LA.BD is meas. by % BFA g,
9 Z C is meas. by % @ 9.

10. £ C = / ABD 10,

1l. /\ ABC -~ AABD 11,

Two intersecting

eircles, 0 and O'; BC and
BD are tangent at B; AB
is a common chord.

TO PROVE: & ABC — A ABD

(19)
(18)
(3
(19)
(18)
( 3)
(11)



1.
2e
3e
4.
Se
6o

7.

8.

9.

10.

11.

12,

13,

14,

24

A f GIVEN: ABCD is a perallelogram.
G AP biseots /A
GC biaseots /C

TO PROVE: AF = GC

=
B C |
12. 4D = BC 12, (14)
15. [ ADF = / GCD 13, ( 5)
14, / ADB w / GBC 14, (22)
15. A ADF & [\ GCB 15, (1)
16. AF = GC 16. ( 6)

LIST OF REASONS

Hypothesis (given)

Identical

A quantity may be substituted ifor its equal in any proocess.
If equals are added to equals, the sums are equal,

Halves of equels are equal.

Corresponding perts of congruent triangles are equal.

Two trisngles are congruent if two engles and the included side of one
are equal respectively to two angles and the included side of the other.

Two triangles are congruent if two sides and the included engle of one
are equal respectively to two sides and the included angle of the other.

Two triangles are congruent if three sides of one are equal respec-
tively to three sides of the other.

The base sngles of an isosceles triangle are equal,

Two trisngles are similar if two angles of one are equal respectively
to two angles of the other.

Two triangles are similaer if thelr corresponding sides are proportional.
The opposite angles of a parallelogram are egual.

The opposite sides of a parallelogram are equals
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15. The opposite sides of a parallelogrem are perallels
18. The diagonals of & perallelogram bisect each other.

17. If two sides of & quadrilateral are equal and parallel, the figure
is a parallelogram.

18. An inscribed angle is measured by one-half ils intercepted arc,

19. An angle tformed by a tangent and & chord equals one-half its inter-
cepted arce. ‘

20. An angle formed by two chords intersecting within a circle equals
one=-half the sum of the intercepted arcs,

2l. If two parallel lines are cut by a transversal the exterior-interior
(corresponding) angles are equal,

22, If two parellel lines are cut by e transversal the alternate-interior
angles are equale
PART IV
DIRECTIONS: In these exercises, you are to meke certein formel constructions.

Compass and straight edge alone are to be used, All necessary construction
lines should appear in the completed i'igure.

ls Construct an equilateral triangle in
which each side 1s equal to s
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2. Construct tl}o’ghra‘e/ultitudes of
rtanglo 8. il

\
4 7“\\\0/ L

~

A
3e Constyu’&l\: 8 cirele circumseribed about
the friangle ABC.

!
: B ’,-}‘C";";\\

Moo

\\» 1,/

4., Construoct a 1ine)5‘§'*whioh is the mean
proportional between lines a and b,

—a b
P A Al
A ’ ~
’/,/' Ehc '\\
/‘\l/,’\\ N
. S N \
ros //‘\ NS \
/ / " S ~G \
’ / i1 ’ \\ \
! / ; 1 N
e ’l ' ‘i AR
D I ot e e o
)
!
1



S Construct a rectangle with the base
a and the diagonal d.
a
d
’/
’/
N,
1=~ N/
______ AP T o
i an ,;1‘\
\ AN
. \
! Y
Ve DTN W
\‘l ” Y ’ \ “j_’
7*‘~ ?l } !
AN : !
AN |
V. W t
1 Ly, b !
] ’ 1 4
ol e - - -~—~—-—‘—‘]--._-—__.—.r_.—_.__.
e

Find all the pdints equidistent from
two parallel lines AB and CD, and

at a given distence d from a given
point E.
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CHAPTER IT
VALIDITY OF THE TESY AND CRITERIA EMPLOYED

One of the most importent single facts about & test is the degree
of validity which it possesses. Validity has besen variously defined
as: the degree to which a test measures what it is intended to measure;
the general worthwhileness of an examination; and, in general, the degree
to vhich a test parallels the ocurriculum and good teaching practice.

The eriteria utilized in the vel idation of the tests of this study
include the followings

1. An anelysis of the content of a number of plane geometry

toxtbooks
2 An analysis of the report of the recommendations of the
National Committee on Mathematics Requirements

3. An analysis of the requirements of the College Entrance
Examination Board

4, An analysis of' the Kensas Course of Study

Be The Jjudgment of competent persons examining and using the

texts

Anelysis of Textbooks

For the purpose of determining the textbook content, & study of six
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leading texts in plane geometry was made. The texts®™ were the following:

Strader and Rhoads, Plane Geometry; Sykes emd Comstock, Plene Geometrys

Avery, FPlane Geometry; Seymour, Plens Geometry; Wells and Hart, Modern

Plane Geometry; end Clark-0tis, Modern Plane Geometry,

In the study made of these textbooks it was found that, in general,
the books contain the following divisions: introduction, rectilinear
figures, circles, ereas and proportions, similar polygons end proportional
megnitudes, regular polygons, constructions, and loeci.

A check wes made to discover to what extent esch item of the test is
used in the six geometry books that were enalyzed, It was found that
twenty=-eight of the thirty-three items in Part I, Form A, were used in the
six books; three items were used in five books; and two items, in four
bookse In Part I, Form B, there were twenty-seven of the thirty-three
items in five books, two items in four books, and three items in three
books.

Of the thirty items in Part I of Test II, Form A, twenty-six were

* Williem W. Streder and Lawrence D. Rhoads, Plane Geometry, John
C. Winston Co., Chicago. 1927, 399 pages.

Mebel Sykes and Clarence E. Comstock, Plane Geometry, Rand MeNally
& Coe, Chicagoe. 1923, 322 pages.

Royal A. Avery, Plane Geometry, Allyn and Bacon, Boston. 1925,
319 pegesa

. Eugens Seymour, Plane Geometry, Americen Book Compeany, New York.
© 1925, 333 PeZO8e

Tebster Wells and Walter W Hart, Modern Plane Geometry, D. C.
Heoth and Company, Boston. 1926, 322 pagoes.

John R. Clark end Arthur 8. Otis, Modern Pleme Geometry, %orld
Book Company, Chicego. 1927. 325 pagese
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found in all six books; three, in five books; and ome, in three books.
Twenty-four of the items of Test II, Form B, eppear in all six books;
four items appear in five books; and two items appear in four books.
The types of problems, proofs, end constructions used in the other
parts of the tests were tound listed in all of the six books analyzed.
Since the test content conforms so closely to the content of these
six reputable textbooks, the conclusion seems warranted that, judged by
the textbook-content criterion, the test is a valid instrument for meesur-
ing achievement in plene geometry. Moreover, the test should be squelly

valueble regardless of the textbook or textbooks used by any school.
Courses of Study and Accepted Requirements

The velidity of the tests is insured not merely by the experimental
usage, textbooks, and detailed statistical analysis to which the various
forms were subjected but also by the fact that the tests wers based on
the Kansas Course of Study. The Kanses Course of Study wes used as a
basis f'or selecting the items because the tests were being used chiefly
in Kansas and becaunse the writer had taught geometry i'or eleven years in
Kensas.

The test was also checked as to content and terminology against the
recormendations of the National Committee on Mathematics and the require-
ments of the College Entrance Examination Board. BSince the content and
terminology of the test are the same as those recommended by the National
Committee and the College Entrance Exeminetion Board, the conclusion seems
justified that the test is adaptable not only to the schoola of Kansas but

nlso to the schools of other sbtates, The conclusion is further warranted
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by the fact that the Kansas textbook gives special emphasis to the points
included in the recommendations of the National Committee on Mathematics
and the reguivements of the College Entrance Exemination Bosrd; and the
test was based chiefly on the Kenses text.

If 1s believed thet the test as a whole will commend itself o teachers

and students becsuse of its thoroughness.
Judgment of Competent Persons

While the tests were being constructed, they were subjected to the
criticisms of competent teechers, supervisors, and specialists in test
construetion. Many valuable suggestions were utilized. After the pre-
liminary forms of the testis had been administered, additional criticisms
were evailable, These were likewise made use of in meking the teskts more

valid and valuable instruments for measuring student achievement,

Summary

As a basis for establishing the. validity of the content, the test
of this study was checked against six textbooks of geometry; the report
of the Recommendations of the National Committes of Mathematicss +the
requirements of the College Entrance Exemination Board; and the Kansaes
State Course of Study. It was subjected to the criticisms of teachers
and supervisors of mathematics and of test construction specialists.
Since the content of the test is in egreement with these reputable cri-

teris, a high degree of wvalidity has been assured.



CHAPTER ITX
RELIABILITY OF THE TEST
Meaning

The second important quality in a stendardized test is its reli-
ability. Reliability refers to:
le The degres to which a device measures consistently whatever
it does measures
2+ The degree of accuracy of measurement
¢ The amount of coufidence that may be placed in the score
on a test as a measure of some ability of a pupil
I a test iIs valid, it is considered to be reliable; but a reliable test

does not necessarily possess high validity.
Objectivity

The prineipal means of guarenteeing reliability in e test is by
objectivity of scoring or evaeluating and by the character of extent of
sampling included in the test items. When these factors are adequately
controlled in test construction, the consistency with which the test
measures the capacity of those taking it mey be statistically determined.

That objectivity is a prime essential for reliability of measurement
is clearly demonstrated by the study made by Starch™® several years ago.
It had previously been supposed that marks could be much more objectively

given for geometry than for intangible subjects suoch as Engllsh and hise.
tory. Starch* secured 116 teamchers of high school mathemetics to grede

* Daniel C. Starch and Bdward C. Elliott, "Reliability of Grading
Work in Methemeties," School Review. Vol. XXI, April 1913. pp. 254=-59,
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the smme geometry paper. The maerks assigned to this paper ranged from
28% to 95%. Thus it was clearly demonstrated thet the ordinery exem-
dnation is highly subjective, even in as conorete a subject as mathe~
meaticss Such examinations possess very llttle reliebility beocauss of
‘the subjective element in scoring.

It is believed that the tests of this study meesure the pupil's
2bility and that the scores ere unadulterated by factors which represent
+the psychological reactions of the teacher. This is true because the
ditems are thoroughly objective snd the scoring is done by means of a care-
fully prepared, objective scoring key. In the second place a test, to be
reliable, should contain a wide sampling of the subject matter upon which
+the pupil is to be tested. The larger the sampling, the more complete
will be the analysis of the knowledge of the pupils tested. The longer
+the test, the greeter will be the reliabilitye.

Since the tests consist of completion questions covering definitions
and theorems, numerical problems, proof problems, and censtructions, the
student is given a sampling of practically all types of work covered in
goometry. The construction problems are weighted five points each, as
it tekes longer to make a construction than it does to answer a completion
question for which the examinee needs to write but one word, or a number.

The tests of this study were built to be given in & 40-minute eclass
period because most high school clesses are from 40 to 60 minutes in
length. B& having items which may be answered by a minimum of writing,
+he pupil is able to record his responses to a large number of items in
+he time allowed,

It is believed that in e test of this type the student perhaps will
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do first the part of work he likes best or the part on which he feels
himself to be most proficient. ILater he will return to the other partse
This 18 especially noticeable on the pepers of the slower students who
omitted some of the questionss In this menner each will be able to make
& showing in pfoportion to his knowledge or ability.

For each part of the test instructions which tell the pupils in
simple language what they are to do are furnished; oxamples are given
when & new type of test item is employed. Such a method of furnishing
directions insures further that all pupils have a fair chance to make a
crediteble showing according to their ability snd tends to provide greater

reliability for the instrument of measurement,
Reliability Coeff'icients

The reliability of a test is usually determined by finding the
correlation between scores of the seme students on the different forms
of the test. The coefficient thus obtained when applied to a test is
known as its reliability coefficient.

For determining the reliabiliby of the tests of this study various
correlations were made, The coefficients of relisbility obtained are
shown in Table III, It will be observed that between Forms A and B of
Test I & reliability coefficlent of 471 ¥ 012 was obtained. Between
Forms A end B of Test II, the coefficient obtained was 73 ¥ 014, All
of the correlations computed for this study were worked by the Péurson
Product=Moment Method by the use of the 0tis Correlation Chart,.

To determine the coefficients of rellability of each test individ-

ually, self-correlations were determined for Test I, Parts I and §
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against Parts 2, 3, and 43 and for Test II, Parts 1 and 3 against Parts

2 and 4.

up" by the use of the Brown=-Spearman formule.

are also shown in Teble III.

TABLE III

The coefficients obtained by these combinations were "stepped

The coefflcients obtalned

RELTABILITY COKFFICIENTS OF THE TESTS

il

——

e

Reliebility coefficients

Number of cases

Test I
Form A; Form B

Test II
Form A; Form B

Test I

Form A,Perts 1,5;2,3,4
Form B,Parts 1,5;2,3,4
Test IT

Form A,Parts 1,

552 ’
Form B,Parts 1,3;2,4

Average

«T1
« 73

70
«75

71
«78

74

>

¥

o

4 {F

X

«012

«014

.028
024

.026
« 027

«034

506

526

300
300

300
300

300

Read table thus: The reliability
Form B of Test 1 is .71 with a probable error of+.012. There were 506

Cas868e

coofficient between Form A and

It will be moted that the average of the six coefficients of reli-

ability computed is 74 X ,034.

v

The significance of a reliability coefficient is somewhat debatable;

however, the following statement mey be generally accepted:
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A reliability coeffioient ranging from

+95 to 499 is seldom atteined in stendard tests;

+90 to ,94 is highly desirable in testing;

«80 to .89 represents some of the best tests now
on the market;

«70 to .79 represents many tests now on the market

+69 and below is not satisfactory for individual
measurement, Tests with such a reli-
ability coefficient are used in group
testing.*

Thus it will be seen that the tests of this study possess sufficient
reliability to meke them valusble instruments for messuring class and

individual ettainmente.
Quertile Consistency

In eddition to the foregoing studies in regard to the reliability
of' the tests, an analysis was made to determine how many students were
consistent in their quartile rankings throughout all four of the tests
given. This study wes based on 100 papers, selected at rendom, but
including some from eech school. It was found that 31% ranked in the
seme quartile thres times and deviated by only one quartile the fourth
time; 14% ranked in the same quartile twice and in the quartile imme-
diately above or immediately below twice; 27% ranked in three quartiles
but did not deviate by more than two quartiles; and 2% ranked in all four
of the quartiles.

Since the majority of students ranked in the same quartile or de-
viated from perfect consistency by only ome quartile, it muét be con-

ceded not only that the tests possess & high degree of reliability but

* Henry Lester Smith and Wendell William Wright: Test end Meses-
urements. Silver, Burdett and Compeny, Chiecego, 1928. p. 37.
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also that they are valid instruments for prodicting future success in

the field of plane geometry.

Sumnery

Because the tests of this study are thoroughly objective and are
unadulterated by factors which represent the psychological reactions of
the teachor, they measure the pupils ability and attainment in geometry.

Because they give the student e sampling of practically all types
of vork covered in geometry, they insure further that all pupils have &
fair chance to make & creditable showing saccording to their ability and
tend to provide a high reliability of measurement.

The reliability coefficients are sufficiently high Lo make the
tests valuable instruments for measuring class end individual attain-
ment.

S8ince the majority of students ranked in the same quartile or de-
viated from perfect consistency by only one quartile, it is believed the

tests possess a high degree of reliabilitye



CHAPTER IV
Al ANALYSIS OF STUDENT RESPONSES ON THE VARLOUS TESY ITRIS

An analysis of the students' responses to the several items of these
tests reveals that there was a large diversity from item to item in the
degree of accuracy of the responses. This fact méans, of course, that the
items w§re not equal in difficulty. An error study of epproximately 520
papers was made on both forms of the test, to determine the degree of dif-
ficulty of the various items. Of the total items on the tests, none was
answered corractly on all the papers.

The number of ltems that were incorrectly answered by various degrees
of frequency is shown in Tables IV, V, VI, and VII. 'he actual range of
incorrect and omitted responses on the items was 94.,4%,

On Test I, Form A, only 2 items, numbers 2 énd 4, were incorrectly
answered or omitted by 4% or less, while questioms 12 and 19 were incor-
rectly answered or qmitted by 75% to 79%. On Form B of the seme test, one
item, number 5, was incorraectly snswered or omitted by 4% or less; and ques-
tionm 25 was answered incorrectly or omitted by 90% to 94%. No item was in-
correctly eanswered or omitted by more than 94% on Test I and 95.8% on Test Il.

This diversity tends to show that the test is valid because, since
none of the questions is answered correctly or incorrectly by all, 1t is
evident thet the test differentliates among students at both ends of the
distributions.

A check on the various columns of Table IV reveals that on Partas I
and II of Test I a larger proportion of items wes answered invorrectly
by e smell percentage of students than was the case on Parte IIL, IV, end

V. In other words, there was n higher degree of efficiency on the parts



FREQUENCY OF INCORRECT AND OMITTED ITEMS

TABLE IV

OF TEST I, FORM A

Percent Items answered incorrectly and omithed
Part 1 Part 11 Part I1I Part IV Part V
Statements Reasons

0- 4 - 2,4 - - - -
5- 9 1,2,7,18 - - - - -
10-14 13,26 9 -- -~ - -
15-19 5,21 1,5,10 - - - -
20-24 3,10,20,33 3 - 2 2 -
25-29 23,28 A 7 6,7 3 3 —_—
30-34 6,11,14,15 8 1 10 10 -
35-39 22 - -— - - 3
40-42 4,9,15,29,30 ~— - 4 - 2
45-49 19,24,31 -- 8 9,6,12 4,6,12 --
50-54 25 -- 4 1,9 > -
55-59 - hatad 2:3,5,8 7 1,7,9 -
80~54 - - - 8 8 1,4
585-69 8,27 —-— - -— - &
70-74 32 8 - 11,13,15 11 -
75-79 12,17 - -— -- 13,15,16 5
80-84 - - -- 16 17 -
85-89 - - - -- - -
90-94 - - - - - -
95-99 - -~ -- 14 14 -

Read table thus:

2 and 4.

In Pert II, two items wore missed by less than 5%.

These items were numbered

6%



TABLE V

FREQUENCY OF INCORRECT AND OMITITED ITEMS

OF TEST I, FORM B

Percent Itens answered incorrectly and omitted
Part I Part I1 Part 111 Part IW Part V
Statoments Reasons

0~ 4 - 5 - 2 - -
5~ 9 5,6,9,13,18,20 3,7 —— 1 1 -
10-14 - 4 - 4 - ——
15-19 1,2,3,8,26,28 - - 3 3,5 -
20-24 7 10 - 5 2,11 -
25-29 10,17,19,21 1,2 2 7 7 =ee
30=-%4 4,24 8 3,8 11 4 -
35-39 11,15,22,30 6 4 13 13 -
40-44 12,31 - 1 - - 1
4549 32,33 - - 17 - 3
b0=-54 14 . - - - -— 2
55-59 23,27 9 8 8,9,10,12 9,12 -
50-64 18 - 7,9 16 8,17 5]
65-69 - - - 6,14 10,14,18 -
T0-74 - - 5 15 8 ’ 4,5
75=-79 29 — - - 15 -
80-84 - - - - - -
85~-89 - - - - - ——
90-94 25 - - - - -

Read table thus:

In Part II, one item was missed by less than 5%.

That item wms number 5.

oy



TABLE VI

FREQUENCY OF INCORRECT AND OMITTED ITEMS
OF TEST II, FORHW A

Percent Items answered incorrectly and omitted
Part T Part II Part III Part IV
Statements Reasons

0- ¢ 13 - - - -—
5- 9 1,30 3 - - -—
i0-14 20,22,27 1,5 4 4 1
15-19 4,7,11,21 - 1 1 an
20-24 2,6,9,16,19,28 - - - -—
25=29 5,8,156 6,7 3 3 -
30=-34 10,25 - - - 2
35-39 - 4 - - 4.
40-44 14 - 2 - -
45-49 15,24,26 - 6,10 2,6 m——
50=54 3,12 -— 15 -

55-59 17 - 5 5 -
50-64 23,29 - 13 10 -
55«89 - - g 15 -
70-74 - . 2,9 7,8,12,14 7,8,9,13 -
75-79 — 14,15 - 12 3
80-84 - 12,13 -- - 5
85-8% —-— 8 11 11 6
S0-54 - 10211 - 14 -

Read table thus:

In Part I, one item was missed by

léss than 5%.

That item was number

15.

%%
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TABLE VII

FREQUENCY OF INCORRECT AND OMITTED ITEMS
OF TEST II, FORM B

Percent Items answered incorrectly and omitted
Part I Part II Part III Part IV
Staftements Reasons

0= 4 -— - - — -
5- 9 15,24,25 - - - 1
10-14 1,5,7,16,30 1,3,5 4 1 w—
15-19 2,8,9,11,20,21,27,29 - - - ——
20-24 12,28 - 1 - 3
25=29 3,10,14 3] 2,3 2,4 -
30-34 4,17,19 7 - -- -
35-39 - -— 16 - 2
40-44 22 - 12 3 -
45-49 8 4,15 -— 16 -—
50=54 - - —~— 12 ——
55=59 23 - 15 -— 4
60~64 - -— 13 - —
55-69 13 8,14 11,14 13,15 -
70-74 26 - - 14 5
75-79 18 2,9,10 - - 6
BO-B84 - - 6,9 11 -—
85-89 - 12,13 - 5,9 -
50-94 - - 5,7,8,10 5,7,8,10 -—
95-99 - 11 -— - -

Read table thuss:
missed by between 5% and 9%.

In Part I, no item was missed by less than 5%.
The items are 13, 24, and 25,

In Part I, three items

were

av
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standing at the begimning of the test than on those appearing nearer the
end of the test.

Two ressons for this suggest themselves, First, the students may
have actually been better prepared to answer the items of these parte.
If this is true teachers should perhaps place greater stress on content
such as is included in the leter parts. Secondly, the students may have
enswered the earlier items more consistently and, on finding themselves
limited in time, they selected such items only of the later parts with
which they felt themselves thoroughly conversant. This et least would
account for the omitted items. Because of the pressure of time they may
also have made more errors on the later parts then would otherwise have
been the case.

Similar facts may be noted from Tables V, VI, and VII in regard to
the other tests. As a rule, a higher degree of efficilency prevailed on
the parts appearing near the beginning of the teats than on those appear-

ing later.
Correct and Incorrect Responses

One of the most interesting parts of this study wes that of tab-
ulating the incorrect responses used throughout the tests. These data
are tabulated in Tables VIII to XI inelusive,

In reaeding the following tables the ltem mumber is given first; this
is followed by the correct response; the percent using the correct re-
sponse; the number of different incorrect responses given; and the incor=-
rect responses given by 5% or more of the students, Below eech gseotilon
of the tables is listed the various edditional incorreoct responses whilch

were made to each item,
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These incorrect responses illustrate ome of the main veluss of the
test, that of diagnosing pupils! errors. The teacher aan easily utilize
the findings in diagnostic and remedial work.

It will be observed from these tables that for most items a large
number of different incorrect respomses were made. TFor example for item
number 31 of Test I, Form A, f'ifty-three different inc‘orrec'b responses
were found. For item number 29 of Test I, Form A, the incorreet items
numbered forty-eight. It will be nobed that in some instances the re-
sponses were closely related to the correoct answers, bub in many cases
they reveal clearly that the student was greatly deficient in specifiec
knowledge and in ability to analyze clearly the problem before him.

For exmmple, in the statement, "The bisector of two complementary
adjacent angles forms an angle of 45 degrees.," 25% of the students
used the response, "90" degrees. This would have been a correct re-
sponge had the item read "two supplementary angles," Of course the stu-
dent confused the two words, "complementary' and "supplementary." This
confusion cen be corrscted perhaps by drill on definitions and their
applications.

Twenty-six per cent of ‘the group used ths word "central angle" in
answering the following: "A figure bounded by two radii and their inter-
cepted arc is called a seotor." Confusing the words ratio and proportion,
27% used "proportion" when answering "The relation of one number to an-
othér is called a ratio.” In these cases the confusion between the two
torms might be elimineted by a olear explanation of the words end some

practice on their use.
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In the statement, "The opposite angles of an insoribed quadrilat-

eral aro supplementary," 63% used the word "equal." The teacher could
help the sbudent to see the ebsurdity ol such a response by having him
cut out several different inseribed quadrilaterels and place the opposite
angles together. When the student sees his error he is more likely to
avold the wrong answer.

It is unfortunate thet it was not possible in this study to consult
all the pupils to whom the tests wore tinally given, Such a procedure
would have enlisted their help in discovering the main ceuses of their
difficulty with certain problems. ‘ork of this Xkind must be left to the
classroom teacher, who cen snd must direct his own remedial work to those
examples and problems most often missed, extending the discussion to the
less troublesome points as far as time permits.

An analysis of the results from these tests leads to the suggestion
that geometry teachers should give greater attention to the fundamentals
in the subject and that they should require a greater mastery of these
fundamentals. Similar studies to those reported above should be made by
each teacher in order to determine the degree of teaching efficiency, as

well as student attaimment, on each of the several parts.
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TABLE VIII

CORRECT AND INCORRECT RESPONSES TEST I, FORM A

Number of Incorrect responses
% different made by 5% or more
Item | Correct response | correct incorrect of the students

response | responses™

regponss J %

Part I

1 | right angle 52 16
2 | acute angle 93 10
3 supplementary

angles | 80 10 right angle 9
4 | corollary 61 18 converse 10
5 | equal 84 12
6 | scalens 86 19 isosceles 11

* The following are the incorrect responses made by less than 5% of the
students. For most of the answers the spelling has been corrected. For
gome of the responses, however, it was impossible to determine whet word
the student intended to use, or the word was so badly misspelled that it
could not be credited. Such answers are listed below as given by the
student and are placed in quotation marks.

Item l. Right triangle, verticel, adjecent angls, parallelogrem, 90°
angle, bisector, perpendicular, straight angle, complementary angles,
straight line, triengle, secant, radii, square, same plane and equi-
lateral.

Item 2, Complementary sngle, obtuse amgle, zero asngle, reflex angle,
right engle, adjacent a.ngles, straight angle, 90° angle, and 456 engle.

Item 3, Complementary, supplements, trisngle, obtuse engle, straight
angle, adjacent angle, vertical asngle, equal adjacent supplementary and
equal adjacent angles.

Item 4. Posbulate, axiom, proof, fact, proposition, hypothesis, con-
clusion, theorem, tool, follow-up, second proof, segment, statement,
principal, "cosemt," "capolliary," and given.

Item 5. Bisected, 45°, oc)mplementa.ry engles, 90°, supplementary angles,
adjacent engles, scalane, 180°, right, bisectors, and unequel.

Item 6. Obtuse triangle, rhombus, equilateral, aocute triangle, irreg-
ular triangle, hypotenuse, scales triengle, regular trilengle, zero,
triangle, trapezoid, right triangle, polygon, quedrilateral, straight
angle, secant, unequel, and equisngular.
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TABLE VIII (continued)

CORRECT AND INCORRECT RESPONSES TEST I, FORM A

Number of Incorrect responses
% different | made by 6% or more
Item | Correct response | correct incorract of the students
response | responses’
response 4
7 | hypotenuse 96 9
8 |[equal 35 19 congruent 38
9 | transversal 83 concurrent lines| §
bisector &
10 |medien 80 22 altitude 9
11 | perimeter 67 28 side 5
12 [ mutually
equiangular 21 19 equal 11
similar 5
equiangular 6
congruent 42

Item 7. Base, vertice, equal side, legs, supplement, aocute, third
angle, adjacent, and altitude.

Item 8, Not equal to 180°, coincident, ray, straight angles, adjecent,
complementary, similar, exactly alike, intersect, perpendicular, parallel,
concurrent, corresponding, supplementary, diegonal, vertical angles,
polygons, and non-parallel. '

Item 8. Segment, perpendicular, line bisector, diagonal, tangent,
line segment, bisect, triangle, secant, parsllelogram, parallel, tri-
sector, perpendiocular bisector, secent, vertex, chord, median, mid-
point, helping line, rectangle, and perpendicular line.

Item 104 Perpendicular bisector of the side, bisector, radii, angle
bisector, common vertex, altitude, perpendicular, perpendicular bisec~
tor, base angle, "medicator," diagonal, radius, hypotenuse, dia-
meter, dimensions, vertex, and helping line.

Item 1lle Dismeter, diagonal, base, arcs, segment, oircumferenca,
axiom, arm, chord, angle, altitude, transversal, area, boundary, sup-
plements, hypotemuse, exterior angles, perimeter, radius, legs, length,
straight line, shape, distancoe and degrees.

Ttem 12 Mutually, coinclde, regular, identieal, proportionally,
corresponding, similar, egual numerically, alike, concurrent, regular
polygons, equal in the same order, perpendiculer, complementary, and
mutually equals ’
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TABLE VIII (continued)

CORRECT AND INCORRECT RESPONSES TEST I, FOWM A

Number of Incorrect responses
/A different made by 5% or more
Item | Correct response | carrect incorrect of the students
response | responses™
response A
13 | 90° 88 14
14 | equal or
supplementary 87 24
15 | ( n -2 ) 180° 58 34 n - 2(180°) 6
16 | bisector 66 16 perpendicular
bisector 6
. vertex 11
17 | surfece or plane 23 37 angle 6
' line 7
eirole 8

Ttem 13, Acute, 30 , 45, complgmantary, supplementary, 180°6 squal
obtgse angle, adjacent angle, 957, less then 90%, 2 to 1, 135° and
3607 ’

Ttem l4e Exterior-interior, “ogtecen," parallel, parallelogram,
right, similar, adjacent, 907, straight angles, congruent, complimen-
tary, concurrent, corresponding, perpendicular, interior, alternate-
interior angles, rhombus, isosceles, equiangular, interior angles,
egual, squares, opposite angles, and perpendicular bisector.

Item 15. 228°, 180°, 360°, 90°, 41°, 720°, 45°, W, (n-2) 180/n, (n-2)
140, n-2/180, 360/n, 180n - 360, (n = 360) 180, (n - 2), n - 180,

n=2/n (180), 2(180 = n), %nm, 180 ~ n, n+l80, n engles, n-gom, 1 180~360,
n-180/2, 90/n, n/2, n - s straight angles, 2+mn, n - 560, 90 = n, (n-2)
360, n/2 (180).

Ttem 16. Line, center, opposite, sides, hypotenuss, straight, altitude,
base, bisector, mid-point, perpendicular, "oprtho~center,"” right, end
extremities.

Ttem 17. Revolution, solid, point, ray, figura, square, path, polygon,
transversal, parallel line, straight angle, arc, reflex angle, bisector,
straight line, area, curve, moving point, geometric movement, length,
perimeter, broken line, degree, position, current, axiom, pontulata,
perallelogram, line sepment, base, quadrilateral or rectangle, obtuse
angle, redius and sidee
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TABLE VIII (continued)

CORRECT AND INCORRECT RESPONSES TEST I, FORM A

Number of | Inoorrect responases
% different |made by 6% or mors
Item | Correct response | correct incorrect of the students
response | responses™
TeEPONEe T
13 | 90° 88 14
14 | equal or
supplementary 67 24
15 | (n=~-2) 180° 58 34 n - 2(180°) 8
16 | biseetor 66 16 perpendicular
bisector 6
. . vertex 11
17 | surface or pleane 23 37 angle 8
line 7
cirecle 8

Ttom 13, Acube, 30 , 45 , complgmentary, supplementary, 180°6 equal
obtyse angle, adjecent angle, 95°, less than 90°, 2 to 1, 135° and
3607« '

Item 14 BExberior-interior, "ogtecen," parallsl, parallelogram,
right, similar, adjacent, 90°, straight angles, congruent, complimen~
tary, concurrent, corresponding, perpendicular, interior, aslternate-
interior angles, rhombus, isosceles, equiangular, interior angles,
egquel, squares, opposite angles, and perpendicular bisector.

Ttem 15, 228°, 180°, 360°, 90°, 41°, 720°, 45°, N, (n-2) 180/n, (n-2)
140, n=-2/180, 360/n, 180n = 360, (n = 360) 180, (n = 2), n - 180,

n-2/n (180), 2(180 - n), 3n, 180 - n, n+l80, n angles, n-gon, n 180-360,
n~-180/2, 90/n, n/2, n - s straight angles, 2+mn, n - 360, 90 - n, (n-2)
360, n/2 (180).

Item 1l6e Line, center, opposite, sides, hypotenuse, stralght, altitude,
base, biseetor, mid-point, perpendicular, "ortho-center," right, and
extremities.

Item 17. Revolution, solid, point, ray, figure, aquare, path, polygon,
transversal, parallel line, straight angle, arc, reflex angle, bisector,
straight line, ares, curve, moving point, geometriec movement, length,
perimeter, broken line, degree, positlon, current, axiom, postulate,
parallelogram, line segment, base, quadrilateral or rectangle, obtuse
angle, radius and side,
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TABLE VIII (continued)

CORRECT AND INCORRECT RESPONSES TEST I, FORM A

‘ Number of | Ineorrect responses
% different made by 5% or more
Item | Correet response |correct incorrect of the students
response | responses®
responae I
18 | bisect 6 13
19 | 48° 54 17 22%° 5
900 25
20 | wvetex 78 24
21 | equilateral or
egulangular 83 13 isoscelss 8
22 | trapezoid 63 17 parallelogram 16
23 | parallel 73 9 perpendicular 9
o equal 12
24 |60 53 28 45° 8
30° 11
acute 17

Item 18, Divide, intercept, cut in helf, coinclde, segment, divide
equally, separate, draw perpendicular, 221°, divide into congruent
parts, inscribe, 180° and bisector.

o (o] Q 0

Item 19. 275°, 60°, 180°, 12°, 360°, 30°, 135°, 45°, 35°, 120°, 80°,

90° -n, 65°, .38°, end 15°.

Item 20. Apex, third, acute, side, angle bisectors, obtuse, base,
opposite, high places, right, vertical engles, non-adjacent interior,
median, hypotenuse, straight or hypotenuse, top, vertice, included,
90°, adjacent, common, leg and 30°,.

Ttem 21 Congruent, equal, regular, gquadrilateral, coneurrent, sup-
plement, equal, equal distent, right, scslene, acute, and equilateral.

Item 22. Polygon, rhombus, quadrilater, rectangle, isosceles, scalens,
equiangular, isosceles trapezoid, bisector, isosceles quadrilateral,
quadrilateral, pentagon, rhomboid, triangle, square, and congrusnt.

Item 23. Median, opposits, 1/2, bisector, congruent, not equal and
equidistante.

Them 24. 22%°, 40°, right, 64°, straight line, 22°, 90°, 68°, 6°,
209, 55°, complementary, 662/3°, 1/8° larger angle, obkuse angle,
109, 759, perpendieular, 35°, 60°, 41°, 80°, 36°, 15°, less than &
right angle, 773/4° and 25°,
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TABLE VIIT (continued)

CORRECT AND INCORRECT RESPONSES TEST I, FORM A

Number of Incorrect resporses
% different |made by 5% or more
Item | Correct response |correoct incorrect of the students
re sponse responses*
response 4
25 | %m0 48 28 BC 8
26 | 142° 87 18 150 5
27 | 11° 33 36 148 28
28 | 80° 73 21
29 | 720° 59 48 180 5
360 11
30 | 18 58 40 9 5
31 | 145 : 52 53

Ttem 25. 1/8, BC, 1/3BC, AB, 2, %AB, 8, 75°, 3AB, 3BC, 1/8BC, respeo-
tively, angle, doubles, £BC, %, $BY, 2BC, triangle, AY, 14BC, &XY, %,
XY, 1/16BC and AB/BC.

Ttem 26. 140°, 769, 52°.’45°, 1789, 162°, 42°, 152°, 172°, 389, 142°,
62°, acute, 150°, 199, 128°, 90° and 135

Item 27. 2206 16°, 1589, 1120, 109, 799, 129, 56°, 90°, 15°6 3406 79,
67°, 78°, 132°, obtuse, 80°, 25°, 32°, 118°, 100°, 124°, 122°, 68°,
289, 6%°, right angle, 113°, 6°, 350°, (69° 4° 90°), 74°, 130°, 103°
and 96%,.

Item 28. 160°, 85°, 90°, 280°, 120°, 40°, 380°, %°, 1809, £%f right
angle, 76°, 240°, 100°, circle, 36°, 130°, 60°, 50°, 1/8 10%xnd 73

ITtem 29, 4209, 120°%, 360°, 90°, 24°, 108°, 9oo°6 147°6 72°, 60°, 459,
1440°, 10°, 800, 51 3/7°, n - 2 (180/n), 360° 2%, 180 5 724%, n-2(180),
772°, 864°, 240°, 128 4/7°, 540°, 180°= n /2, 3240°, 36°, 270°, 2160°,
6200, 400, 4800, 9600, 520, 4400, 12200, 3200, 360°(n-2), (6-2) 180°,
1359, 140°, 150°, 1609, 1020° end 780°.

Item 30, 1.6, 80, 7, 9, 160, 100, 22, 5, 12, 14, 10, 8, octagon, Z60,
13, 3, 3240, 1512, 15, 113, 6, 20, n polygon, 79, 168, 38, (20-n) 88,
10 sides, hexagon, 19, 160 n, (n-2)360, 70, 3 sides, 32, 4 sides,

6 sldes, and pentadecagon.

Item 31, 106, 80, 136, 338, 120, 65, 160, 65, 8, 148, 100, 25, 46,
830, 1060, 126, 2085, 160, 306, 301, 36, 166, 15, 325, 6, 102, 85,
108, 95, 350, 115, 38, 1, 795, 226, 330, 90, 120, 245, 506, 165, 12b,
285, 11, 76, 110, between 21 and 20, between 5§ and 31, 142, 686, 86,
130, and 235,
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TABLE VIII (continued)

CORRECT AND INCORRECT RESPONSES TEST I, FORM A

Number of Inoorrect responses
% different made by 6% or more
Item |Correct response | eorrect incorrect of the students
response | responses®
response g
32 8 37 57 5 b
33 azec 79 11 2wo0 5
Part II
1 |parallel 84 10
2 |[coineide 98 6
3 |equal or
right angles 78 13 complementary b
supplementary 7
4 |equal o8 3
5 |interior angle 81 12
6 |supplementary 83 12 parallel 5
complementary 7

Ttem 32. 31, 4%, 18, 7, 15, 2%, 10, 26, 20, 23, 4 1/3, 6%, 16%, 6, 22,
5 to 31, 9, 59, 13, 16, 21, 12, 149, 135, 148, 17, 118, Between 6 and 31,
36, 164, 6, 31, Between 5 and 31, 50 and 31, 8, and % third side,

Ttem 33. C w & A, equals, is less than C, a = B = C, A, angle, %,
A = C, porpendiculaer, B = C, and is not equel.

Part IT
Ttem l. Complementary, btangent, perpendiocular, supplementary angles,
right angles, equal, coincids, area, vertical angle and aoute angle.

Item 2. Polygon, secant, interior angle, equal and proof.

Item 3o Area, coﬁplementary, acute, interior angle, supplementary,
paraellel, obtuse, vertical angle, perpendicular, chord, tengent and
isosceles,

Ttem 4. Interior angle, right angles, and exterior angle.

Item 5. Equel, right sngles, acute angles, supplementary, exterior
angles, obtuse, complementary, vertical angle, earea, interlor sngles,
trapezoid, and isosceles.

Ttem 6o Coincide, perpendicular, equal, asoute, right engles, vertiocals
engles, perimeter, trapezoid, tangent, lsosceles, obtuse, exterior angle.
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TABLE VIIX (continued)

CORRECT AND INCORRECT RESPONSES TEST I, FORM A

Number of Incorrect responses
% different | made by 5% or more
Item|Correct response | correct incorrect of the students
response | responses®
response %
7 |acute 73 11 equeal 9
complementery 9
8 |[perpendicular 26 14 right engles 5
ocomplementary 9
equal 30
9 |polygon 87 7

10 |tangent 83 12 chord ]
seoent 8

Item T+ Right angles, exterior angles, obtuse, isosceles, supplementary,
interior angle, parallel, acute and perpendicular.

Item 8. Supplementary, acute, aree, parallel, obtuse, cirecle, exterior
sngle, 180°%, polygon, isosceles and vertical angles.

Item 9. Coinecide, rhombus, tangent, circle, interior angle, trapezoid
isosceles, and aresa.

Ttem 10. Secant, chord, perpendicular, coincide, oircle, rhombus,
right engles, perimeter, radii end trapezoid.



TABLE IX

CORRECT AND INCORRECT RESPONSES TEST I, FORM B

2

Mumber of Incorrect responses
% different made by 5% or more
Item | Correct response | correct incorrect of the students
response | responses®
response | %
Part I
1 | adjacent angles 83 13
2 | obtuse angle 85 7 acute engle 14
3 | complementary 85 9 supplementary 8
acute 7
4 | theorenm 68 15 corollary 6
axiom 11
5 | equal 93 8
6 | isosceles
triangle 94 5
T | legs 80 18 perpendicular 8

The following are the incorrect responses made by less than 5% of the
studentse. For most of the amswers the spelling has been corrected. For
some of the responses, however, it was impossible to determine what word
the student intended to use, or the word was so badly misspelled that it
could not be crediteds Such answers are listed below as given by the
student and are placed in quotation marks.

Item L, Vertical; bese engles, supplementary, complementery, equal
sngles, consecutive angles, straight angles, mid-point, right angles,
diagonal, equilateral, inecluded and mutually equiangular.

Item 2, Obbuse, supplementary angle, complementary, 900, straight end
reflex engle.

Item 3. Right angle, straight angle, adjacent angles, 450, 900, equeal
and complementarys g

Item 4. Postulete, fact, similer, theory, hypothesis, proposition,
statement, converse, apothem, principal, positive, piven, and conclusion.

Item 5. Bquel and supplementary, 90 and 80, 180, complementary, 90,
acute, obtuse, adjacent and equal,.

Item 6. BEguilatersal, right triangle; parallelogram, obtuse smd scalenes
Item 7. Acute mgles, parallel, a. titude, bases, equal, hypothosis,

common sides, leg end arm, hypotenuse+leg, vertices, complementary,
right isosceles triangle, adjacent, sides and arm.
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TABLE IX (ocontinued)

CORRECT AND INCORRECT RESPONSES TEST I, FORM B

Number of Incorrsct responses
/A different made by 5% or more
Item | Correct response | correct incorrect of the students
regponse | responses®

_response %

8 | congruent 83 12 equal 9
9 | parallel lines 94 5

JO | altitude 74 12 median 18
11 | diegonsal 62 18

12 | congruent 58 20 reguler 7

squal 21
13 | 180° 93 12

14 | equal or

supplementary 50 16 right angles 22

15 | 360° 64 20 180 5

360/n 6

Item 8, WMutually equal, rhombus, similar, concurrent, coinoiding,
complementary, unequal, intersecting, current, tangent, and mutually
eguillateral,

Item 9. Identical, perpendicular lines, non~parallel, ravs end con-
‘current.,

Item 10, Perpendicular, perpendicular bisector, axiom, bisector,
straight, angle bisector, transversal, hypotenuse, diagonal, right
trieangle and line,

Item 11, Chord, diemeter, transversal, medisn, muturlly squiangular,
altitude, adjacent, bisector, tangent, perpendicular, vertex, secant,
hypotenuse, equal, perpendiculer bisector, parallel, perimeter and
locuse.

Ttem 12, Parallel, mutually equsal, regular, similsar, mutually con-
gruent, equal or supplementery, concurrent, equilateral, general, con-
gruent, reguler polygons, complementary, equal or similar, mutually
regulery, mutually related, mutually equisngular and supplementerys.

Item 13, Side, 1209, 160°, 360°, 180°, 90°, 190°, extromities, "astit,"
strei ght, sum of other two minus 180 and the fourth.

Item 14, Acube, 90°, supplementary, psrpendicular, adjecent, verticals,
perallel, congruent, complementary, right triangle, congruent, straight
angles, 360, concurrent and reflex.

Ttem 15. 720°, 90°, 76°, 540°, n(n - 2°) (180°), equal, 180/n,
(n=-2)180°, n-2/n (180°), complementary, n(n-2), (n-2), n-360°, n-2,
supplementary, perpendicular, (n=2), n/2 (360°), n(180°).
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TABLE IX (continued)

CORRECT AND INCORRECT RESPONSES TEST I, FORM B

Number of |‘Incorrect responses
% different mede by 5% or more
Item | Correct response |correct incorreot of the students
response | responses”
response %
16 |perpendicular
bisector 38 32 center 6
bisector 16
17 |line 74 14 plane 5
18 |bisector 91 12
19 |90° 72 14 45° 14
20 | hypotenuse 94 7
2] | isosceles 73 12 equilateral 1l
22 |[quadrilateral 63 16 rectangle 7
squarse 11

Item 16. Equal, oircle, medien, perpendicular, midpoint, angle bisector,
length, line, parallel, bisector of line, path, wvertex line, tangent,
squeare, base, vertice, diameter, center bisector, place or location,
surfece, locii, transversal, diagonal, locus, point, altitude, ecircum-
center, incenter, middle, and circle with line as centor.

Item 17. Surface, circle ray, angle, reflex angle, arc, geometric-
movement, position, shadow, area, revolution, magnitude, 180%, motion
and figure. '

Item 18. Median, surface, equal, altitude, diagonal, bisector, perpen=-
dicular, transversal, bisech, vertex, and acute.

Ttem 19. 90°, 80°, 60°, 180°, obtuse, 30°, 95°, 135°, 35°, 223°, 360°,
120° and right angles.

Item 20, Hypothesis, vertex, base, perpendiculer, supplements, basge
angles, and hypotenuse.

Item 21. Equilateral, congruent, equal, concurrent, not squal,
supplementary, scalene, right triangle, obbuse, acute, adjacent.

Ttem 22. Equal, hexagon, equilateral, parallelogram, rhombus, trapezoid,
quadrant, triangle, pentagon, regular, decagon, "equilitala" octagon and
‘Boalene.
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TABLE IX (continued)

CORRECT AND INCORRECT RESPONSES TEST I, FORM B

Number of Incorrect responses
% different nade by 5% or more
Item | Correct response | correct incorrect of the students
response | responses®
response 9
23 | medians 45 23 blsector 6
° ‘ altitudes 11
24 120 68 33
25 | $BC : 9 42 1/38C 6
BC 8
1/2BC 10
26 | 43° 84 24 /
a7 550 44 38 125 6
110 12
28 | 60° 83 15 120 5
29 65-35-80 24 43 50 9

Item 23. Mid-point, engle, center, perpendicular bisector, angle biseotors,
bisectors of side, sides, parellel, transversal, vertices, legs, locus,
diagonals, inocenter, orthocenter, perpendicular, trepezoid, extremities,
base, line quadrilateral.

Item 24, Obtuse, acute, 60°, straight angle, 20°, 120°, 40°, 135°, 45°,
24°%, 440°, 108°, 110°, 3o°6 112°, 200°, 130°, 8°, 90°, 150°6 65°6 759,
959, 115°, 126°, 22%°, 160°, 11247 supplementary, 120°, 80°, 70° and 96°.

Item 25. 2%, AB, %AB, 4AB, BC/18, 1/8 BC, }/6 XY, XY, 1/9 BC, 2 AB,
1/3 AB, 4 BC, 5/6 BC, 1/6 BC, 2BC, 1/6AB, 2/3, 2/3 AB, %, 1/9 AR, 9 BC,
2/3 BC, 1/18, 1 1/6 Y, 1/6, 1 1/3, 1/3 3/32, 2, 1.8, 1/36 BC, 1/12 BC,
1, 1/12, 1 1/2 BC, 1/9, 1/36, 4, end 1 1/2.

Ttem 26. 1330°, 53°, 1309, 34°, 43°, 40°, 133°, 33°, 23%°, 47°, 90°,
139 83°, 94°, 1139, 122°, 50°, 123°, 57°, 429, 4°, 229, 110° and acute.

Ttem 27, Triengle, 10°, 60°, 160°, 122°, 35°, 40°, 250°, 215°, 70° vy,
120°, 180°, 140°%, 111°, 150°, 1110°, B0°, 52°, 14°, x 70°, 259, 22°,
290°, 709, 20°, 116°, 100°, 210°, 1359, 2139, 2749, 148°, 118°, 30°,
103°, and 33 1/3%%

Them 28. 50°, 20°, 90°, 30°, 1009, 300°, 180°, numericelly 2 times aro,
9%, 35°, 40°, 160°, 30°, and two pointss

Ttem 29, 60, 30-85-85, 50, 5, 68-33-80, 100-50-30, 70-30-80, 30-60-90,
70, 35, 180, 90-66-35, 66-36-180, 80, 230, 66-36-75, 33 1/3, 130-20,
170-6, 30-86-80, 60-36-50, equal, supplementary,acute, obtuse, unequel
60-45-35, 90-65-26, 3 @ 5 1 10, 310, 36-80-63, 3l4, 80-150, 70-130, ©0-30,
95-35-20, 35-65, 80-30, 100-130, 130, 150, 96, 30, 66 end 50-100~130.
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TABLE IX (continued)

CORRECT AND INCORRECT RESPONSES TEST I, FORM B

Number of Incorrect responses
% different mede by 5% or more
Ttem | Correct response | correct incorrect; of the students
response | responsest
response %
30 | 640 64 40 720 5
360 7
31 40 58 34
32 | 11 54 28 8 9
33 | 160° 53 48
Part II
1 right angles 75 13 supplementary 8
2 | proof T4 11 given 9
conclusion 9
3 | equal 94 9

Ttem 30. 180, 122%, 900, (n-2) 80, 108, 530, 54, 450, n - 2/6, 550,
520, 72, 60, 51 3/7, 1800, 420, (n-2) 360/, n/180, 180/5, 1080, 3600,
540, 600, 1440, 40, 580, 780, 324, 3240, 560, 36, 360 - n, 146, 1280,
740, 460, 630, and 5(5-2) 180.

Item 31. Equel, 9, 20, 40, 4, n, 8, 17 3/11, 5, 420, 10, 16, 42, 6, 12,
9, 3150, 7, 2%, %8, 3, 80, 44, 30, 15, 11, 1260, 60, 140, 100, 22, 25,
147, 90.

Ttem 32. 10%, 22, O, 4, 11, 15, 23, 18, 68, 32, 42, 73, 12, 13, 7,
1%, 5, 3%, 14, 10, 20, 12%, 16, 1, 6, 172, 8 and 22, between 8 and
21, end 22 or 8.
Ttem 33. 20°, 33°, 86°, 144°, 8x, 100°, 11%°, 8o°, 320°, 32°, 138°, 1°,
50°6 158°, 64°, 36°, 40°, 1169, 1729, 42%°, 223°, 360°, x 8, 1572°,
178°, 849, 162°, 140°, 8x less, 45°, 155°, 8n, 94°, 60°, 2880°, (8 - 2)
180°, 1574°, 229, 17 7/9, 180°, 1440°, 167%°, 315°, 573°, 170°, 8-n
times 180 and supplementarye.

Part II

Ttem l. Exterior angle, equal, complemsntary, perpendicular, four,
unequal, acute, interior angle, parallel, five, area and right angles.

Ttem 2. Proof, exterior smgle, complementary, perimeter, perpendicular,
teangent, secant, isosceles and interior angles.

Ttem 3. Supplementary, acute, unequal, complementary, parallel,
interior angle, perpendicular, area, and secant.
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TABLE IX (continued)

CORRECT AND INCORRECT RESPONSES TEST I, FORM B

Number of Incorrect responses
% different made by 5% or more
Item |Correct response | correact incorrect of the students
response | responses’
response %
4. |parallel 88 11 supplementary 8
5 ({four 98 3
6 |area 64 18 perimeter 16
7 lequal 93 5 unequeal 8
8 gecant 68 7 chord 28
9 |obtuse 44 16 unequal 6
equeal 7
right angles 7
complementary 5
acute &
supplementary 9
10 lisosceles 76 10

Item 4. Area, conclusion, equal, right angles, complementary, per-
pendiculer, unequal, five, parallel, snd four.

Item 5. Five, conclusion and given.

Ttem 6. Interior angle, exterior, trapezoid, equal, four, tangent,
secant, conclusion, unequel, right angles, supplementary, perpendlcular,
secant, complementary, chord, acute, end given.

Ttem 7. Four, chord, secant, and five.

Item 8. Tangent, conclusion, unequal, obtuse, complementary, and secant.

ITtem 9. [Hour, area, secant, chord, given, perpendicular, isosceles,
fivea, 90°, and perimeters

Item 10. Parallel, unequal, trapezoid, equal, supplementary, acu‘cé,
given, right angles, interior angle and five,.
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TABLE X

CORRECT AND INCORRECT RESPONSES TEST II, FORM A

Number of Incorrect responses
% different made by 5% or more
Item | Correct response | corrsct incorract of the students
response | responses” -
response | %
Part I
"1 cirele 95 12
2 corollary 77 15
3 (n=-2) 180 49 36 180 5
360 9
n-2(180) 5
4 bisector 84 18 perpendicular
blsector 5
5 scalene 74 ‘ 16 isosceles 8

¥ The following are the incorrect responses mede by less than 5% of the
students. For most of the answers the spelling has been ocorrected, For
some of the responses, however, it was impossible to determine what word
the student intended to use, or the word was so badly misgspolled that 1t
could not be credited, Such answers are listed below as given by the
student and are placed in quotation marks,

Item 1, Bector, center, mid-point, circwnscribe, loocus, peint, radius,
regular polygon, oconcentric, another curve, arc, and polygon.

Item 2. Postulatse, proof, axiom, fact, statement, converse, ante-
cedent, apothem, "ad," hypotenuse, comclusion, %tool, result, proposition,
and 2 step-proof,

Ttem 3. 120, 60, 90, 180/n, 180m, n-2/n, n +2/n(360), n, n-180, 360/n,
n-3/180, n - 2(360), n(n-180), n-2/n(180), 180 - n/2, n-180/2, (n-2)180,
360-n, 180-n, n-2, 720n, 360n, n/2 (%60), 136/n, n-2/180, n 180,
n/2 (180), n/2 (180), n-180, 2(n-18), vertex, n=2/720 and n(n-2).

Ttem 4, Center, sides, perpendicular, mid-point, vertex, isosceles,
size, side, hypotenuse, acute, vertical, base, line vertices, olroum-
ference and 360°.

Item 5. Polygon, quadrilateral, obtuse, acute, trapezoid, equilateral,
right triangle, plane triangle, rectangle, lrregular, sequencos, mnon-
eguileteral, equimngular, scale, and supplementarye
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TABLE X (continued)

CORRECT AND INCORRECT RESPONSES TEST II, FORM A

Number of Incorrect responses
% different made by 5% or more
Item | Correct response | correot incorrect of the students
response | responses”
response %
6 | adjacent, angles 77 17

7 | obbuse amgle 86 10 ecute angle 7
8 | complememtary 75 17 acute angle )
supplementaxry 5
9 | altitude 79 1o medlan 18
10 | 150° 68 42 obtuse 5
11 | 33° ' 82 19 123° 6
12 | proof 49 22 hypothesis 14
given 6
to prove 5

Item 6. Supplementary, central angle, isosceles, vertical angle,
complementary, egquileteral, inscribed angles, similar, triangles,
congruent, vertices, right angles, right triangles, parallel, base
angle, bisectors of an angle, and consecutive angles,

Item 7. Complementary angle, supplementary, zerc angle, right angle,
adjacent engle, 90°, triangle, 135°, and reflex angle,

Ttem 8. Right angle, 180°, 30°-60°, 30°, equal, concurrent, straight,
adjacent, obtuse, congruent, 90°, equal sdjacent angles, complementary
adjacent, acute-obtuse, smd 45°,

Item 9. Bisector, perpendiculaer bisector, locus, complementary, right
engle, diameter, radius, base and hypotenuse.

Them 10. 675°, 135°, 350°, 105°, altitude, 360°, 60°, 140°, 25°, 30°,
1209, 70°, 160°, 509, 125°, 180°, 45°, amcute, 170°, 80°, 75°, 100°,
supplementary, 185°%, 179°, 90°, right angle, 150°, 15°, 88°, 210°, 36°,
reflex, 115°, vertex, 72°, 5°, 959, 809, 3 o'clock and 140°,

Ttem 11. 43°, 143°, 301°, 23°, 55°, 30°, 150°, 132°, 3°, 57°, 32°,
147°, 35°, 114°, 289, 16%°, 429, and 157°,

Item 12, To find clause, facts, concurency, proposition, postulate,
consequence, steps, conclusion, axiom, corollary, therefore, proof,
hypotenuse, why, 35, complement, reasons, assumptions, proportional.
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TABLE X (continued)

CORRECT AND INCORRECT RESPONSES TEST IT, FORM A

I

Number of Incorrect responses
A different made by 5% or more
Item | Correct response | correct incorrect of the students
response | responses’
response %
13 | equal 96 3
14 | similar 60 16 congruent 5
equal 9
right triangle | 12
15 | secant 76 8 chord 20
16 | central angle 78 17 inscribed angle 7
17 | eircumscribed
polygon 46 27 polygon 18
18 | segment 54 23 sector 6
19 | proportion 76 17

item 13. Supplementary, equal and parallel.

Ttem 14, Supplementary, right engles, rectangle, proportional, equi-
lateral, chord, parallelogram, square, complementary, isosceles, bi-
sected, parallel and 5/7 « 1/f. ‘

Item 15. Radil, tangent, segment, diameter, central angle, complementary,
and isosceles.

Xtem 16, Interior angle, circumscribe, sector, right angle, inter-
cepted, straight angle, inscribed polygon, diameter, secant, central
cireles, vertical, segment, radius, tangent, acute angle, vertex angla.
Tteom 17. Inscribed circle, "excribed polygon," square, regular poly-
gon, rectangle, secant, triangle, chord, quadrileteral, tangent, semi-
cirecle, central angle, rhombus, tangent polygon, "subseribe polygon,"
intercepted angle, circle inseribe by a polygon, equilateral, con-
structive, exterior engle, scalene, n-gon, hexagon, n-polygon, and
trapezoid,

Item 18. Segment, diameter, inseribe angle, secant, perpendicular
bisector, minor arc¢ of circle, part, intercepted arc, radii, tangent,
quedrant, centrel angle, proportion, arc, semi-circle, sequence, angle,
section, inscribe angle of circle, triangle, chord and "bow."

Ibem 19. Term ratio, equal proportions, equlileteral, segment, pro-
portional, meen proportional, exbtremes, relatlonship, unity, seotion,
similitude, equality, idenity, fraction, vertex, equally and equal
ratio.
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TABLE X (continued)

CORRECT AND INCORRECT RESPONSES TEST II, FOIM A

Numbseyr of Incorrect responses
. % different | made by 5% or more
Item | Correct response | correot incorrect of the students
response | responses*
rosponse %
20 | extreomes 88 11
21 | proportionally 83 16 equally 9
22 | rhombus 86 10
23 |24 the sum of the 41 16 % its inter-
intercepted arcs capted arc 35
% difference of
intercepted arc|10
24 | perpendicular 63 14 perpendicular 5
bisector dlameter 8
bisector 14

Item 20 Means, mean proportionel, entecedents, alternate, external,
consequents, similar, proportion, extremities, fourth proportional and
"eonconcuse,"

Item 21. Equal, proportionally equal, proportion, congruent, respectively,
similar, externally, internally, mutually, one-half, square, correspond-
ing, rationally, egual parts, mnd extremes.

Ttem 22. Rectangle, parallelogram, trapezoid, one half its are, triangle,
guadrilateral, circle, polygon, right triangle, and ecircle,

Item 23. Sum of intercepted arc, numerical its intercepted arc, one
half, one half larger arc minus arc smaller, difference of intercepted
arc, one half produect of arc, one half arc plus vertical angle, one
sum of vertieal angles, similar, one half difference of chords, equal,
parallel lines, one helf sum, and one half central angle.

Item 24. Center, tangent, mid-point, segments, part, radli, longest,
length, bisected and plane.
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TABLE X (continued)

CORRECT AND INCORRECT RESPONSES TEST II, FORM A

Number of Incorrect responses
% different | mede by 5% or more
Item | Correct response |correost incorrect of the students
response | responses*
response %
1 .
25 | its intercepted % difference of
are 69 18 intercepted arc|l8
26 | rectangle of
square 56 17 rhombus 9
27 |& BH 87 12
28 similar 78 8 squal 5
equilateral 5
29 | mutually
equiangular 40 14 similar 46
congruent 5
30 | diameter 92 8

Item 25. One half its intercepted arc, sum of intercepted arc, one half
sum of its arcs, "s t = t e," one half, intercepted are, 900, its angle,
difference of two arcs, one half sum of exterior, two, segment and
tangent, equal, similar, another, ome half angles, and one half sum of
difference of arcs,

Item 268. Inseribe parallelogram, inscribe polygon, quadrilateral,
perallelogram, polygon, inscribed quadrilateral, equilateral, isosceles
trapezoid, hexagon, figure, regular polygon, trapezoid, isosceles,
equiangular, insoribed rectangle and circumseribed polygon.

Ttem 27. Bqual, 3 1 w, 180, B x h, B x h x 2, 360, "g2/8% " 52 32,
1 xw, sides, §/T = T/E, and $abh,

Item 28. Mutually equilateral, congruent, supplementary, proportional,
regular, and equally.

Item 29. Mutually egual, squel, proportional, equiangular, regular,
"eondurent," sides proportion, not similar, concentric, tengent,

perpendicular, proportionally equiangular.

Item 30. Circle, chord, diagonal, secant, radii, perpendicular
bisector, perpendicular and eltitude.
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TABLE XI

CORRECT AND INCORRECT RESPONSES TEST II, FORM B

Number of Incorrect responses
% different nede by 5% or more
Item | Correct response |correot incorrect of the students
responge | responses®
rosponse | %
Part I
1 | concentrie
c¢ircles 86 14 similar 5
2 | theorem 82 14 axion b
3 | 860° 74 22 180° 6
4 | perpendicular
bisector 69 22 bisector 8
5 | Isosceles triangle 80 10
6 | right angle 96 11

* The following are the incorrect responses made by less than 5% of the
students. For most of the answers the spelling has besen correoted. For
some of the responses, however, it was impossible to determine what word
the student intended to use, or the word was so badly misspelled that it
could not be credited, Such snswers are listed bélow as given by the
student and are placed in quotation marks.

Item l. Equal, incurred, unequal, congruent, insoribed, conourrent,
central, "centerceddle,” ocircumscribed, centric, tangent, different,
and semi-circles.

Item 2. Corollary, hypothesis, principal, exiom, proposition, problem,
congruent, postulate, "gquiorem," straight angle, proof', statement,
fact, end tool.

Item 3. Supplementary, sum of interior engles, sum of non-adjacent
interior angles, path, exterior emngle, similar, 720°, 540°, 90°, 60°,
860°, 2600, 360°. 80°, 360/n, 180/n, n - 18/2, n/2(180), (n-2)360,
(n-180)360, 30-6-90, 5;-2(1805. :

ITtem 4. Circle with extreme line as center, circle, parallel of it,
center, bisector of line, radius, diameter, locus, vertex, altitude,
perpendicular, two parallels, mid-point, engle biseotor, parellellines
on emch side, proportional, distance from it, two lines, congruent
triangles, mean proportional, median, and shortest distance.

Item 6., Triangle, similar triangle, right triangle, corrﬁsponding;
triengle, gquadrilateral, equilatersl triangle, "equletor," scalene
triangle, congruent triangles, right angle.

Ttem 6+ Vertical right angle, triangle, right triangle, straight,
isoscoles, vertical, square, acute, adjecent angle, 180 and bisector.
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TABLE XI (ocontinued)

CORRECT AND INCORRECT RESPONSES TEST IX, FORM B

Number of Incorrect responses
% different mede by 5% or more
Item | Correct respouse | correct incorrect of the students
response | responses*
response %
-7 | acute angle 88 B obtuse 5
8 supp lementary 80 17 complementary 5
right engles 9
9 mgdgan 85 11 altitude 11
10 | 120 71 30 obtuse angle 4
11 | 122 85 24 32 B
12 | interior angle 76 11 angle 16
13 | perpendicular 35 18 diagonals 8
equal 30
14 similar 75 17 equal 9

Item 7« Supplementery angle, complementery engle, reflex angle, obtuse
angle, right triangle, 90°, 45° and right angle.

Item 8¢ Adjacent amgles, 80° 100°, two right emgles, mcute, egual,
obtuse, one revolution, supplementary, right triangle, 90°, 1809,
similar, 30°, and acute and obtuses

Item 9, Bisected angle, angle bisector, perpendicu&ar bisector, 90°,
perpendicular, diameter, vertex, parallelogram, 122°, diagonal and
equal distant.

Item 10, 20°, 150°, 1122 9 1089, 280°, 140°, 70°, 60°, 20°, 40°, obtuse
angle, complementary angle, right angle, aocute angle, supplemeuntary
angle, 46°, 80°, 90¥, 110°, 100°, 240°, 160°, 105§, 12°, 130°, 30°, 135°,
115°, and 180°.

ITtem 1le 125, 120, 302, 148, 132, 116, 121, 162, 33, 124, 45, 102,
22, 30, 92, 152, 35, 185, 122, 32, 42, 112 and 95.

ITtem 12, Yes, sides, angles, acute sngles, adjacent angles, true,
exterior-interior angles, false, interior acute angle, and exterior
angle.' '

Item 13. Different sige, gcute, right angles, 45, dismeters, parallel,
straight, concurrent, hypotenuse, complesmentary parallel, similar,
supplementary, altitudes, bisected, proportional and the same.

Item 14, Supplementary, parallelogram, congruent, concurrent, right
triangle, parallel, proportional, square, equilateral triangles, right
angles, trapezoids, isosceles, perpendlicular, corresponding, similar end
rectangle,
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TABLE XI (continued)

CORRECT AND INCORRECT RESPONSES TEST II, FORM B

Number of Inoorrect responses
% different made by 5% or more
Item | Correet response |correoct incorract of the students
response | responses®
' response %
15 | tengent 91 7
16 - | inscribed eangle 86 22
17 | inscribed polygon 60 19
18 | sector 21 29 segment 15
central angle 26
19 | ratio " 67 9 proportion 27
20 | means 85 7
21 | proportionally 81 11 equally 10
22 | square 60 10 rhombus - 30

Item 15. Radii, chord, wvertex, sector, secant, dismeter and transversal.

Item 16« Inscribed triangle, interior angle, right, median, isosceles,
equilateral triangle, right triengle, arc, secant, 90, central angle,
sector, segment, obtuse engle, triangle, inscribed angle, circumscribed,
tangent, vertical, polygon, semicircle, = parallelogream.

Item 17. Regular, square, pentagon, circumscribed polygon, quadrilateral,
regular polygon, secant, rectangle, parallslogram, hexagon, segment,
inscribed quadrilateral, triangle, figure, inscribed sngle, rhombus,
apothem, heptagon, and eguilateral.

Itom 18. TIriangle, arc, chord, circle, quadrant, diameter, cone, secant,
tangent, semi-circle, isosceles triangle, right triangle, central are,
angle, circumscribed, vertical angle, equilatersl +triangle, minor,
reoctangle, inscribed angle, quadrilateral, arc angle, interior angle
hexagon, apothem orthex, "sesic," and intercepted arc,

Item 19.  Equetion, comparison, faction, unity, radius, antecedent,
equivalent and mean proportione.

Item 20, Mean proportional, antecedent, extremes, corollary, con-
soquence, medians, end proportion,

Item 21. Internally, true, in proportion, numerically, similar, per-
pendicular, harmonically, mutually, externally and rhombus.

Item 22. Parallelogram, trapezold, quadrileteral, rectangle, side,
triangle, polygon, right trisngle, eand equal.
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TABLE XI (continued)

CORRECT AND INCORRECT RESPONSES TEST II, FORM B

Number of Incorrect responses
% different made by 5% or more
Item | Correct response |correct incorrect of the students
response | responses®
response %
23 |4 difference of % seem of inter-
their intercepted copted arc 10
arc 42 17 % its inter-
coepted arc 31
24 gerpendicular 93 8
26 | % its intercepted
arc 92 8
26 | supplementary 28 8 aqual 63
27 [Bhorlw 83 17 % BE 8
28 | similar 76 7 congruent 14
29 | similer 84 10
30 | chord 86 : 8 secent 8

Ttem 23. Intercepted arc, 90°, ome-fourth of & cirels, right, ome-half
sum of engles, difference of intercepted arc, one-half sum of sides,
difference between two arcs, ome-half difference of tangents, one-~half
larger arc minus smaller arc, tangent, one~half its chord, equal, similar,
one~half differents, 180° s 8nd two times interdepbed arcs.

Item 24. Radius, tangent, perallel, equal, mean proportional, pro-
portional, secant and bisector.

Ttem 25. 90°, twice, one-half its chord, equel, 1800, similar end one-
half sum of intercepted arcs.

Item 26. Complementary and supplementary, 360°, parallel, right angles,
exterior-interior angles, complementary, similer, and bisected.

Ttem 27. One-half square of its diagonal, 360°, pb/a'b', s2, 180°, squere
of diagonal, disgonal plus diagonal over two, D 4’ 2 sides &Quared,

a - 2, (S/z)2 /3 , 12, parallel, & h ( B+B), & its diegonal and

(n-2) 180°.

Item 28. BEqual, mutually eguiangular, regular, acute, segment, complement,
equianguler.

Ttem 29. Mutually equilateral, sides proportionally, equal, regular,
congruent, secant, smaller, similitude, in proportion, and in same ratio.

Item 30, Segment, diameter, tengent, sector, identicel, arc, and equal,



CHAPTER V
INTERPRETATION AND USE QOF TEST RESULTS

The real value of a test is realized only wheom the results obtained
from its use are interpreted adequately. ihe intelligent interpretation
of the results is the factor of chief interest to the teacher.

In an earlier chapter it wes pointed out that if maximum reliability
is to be attained on & test it is essential that the test be long enough
to yield a fairly wide disbtribution of scores. In other words it is de-
sirable that the scores arrange themselves practically as a normal dis-
tribution,

The extent to which the scores on this series of tests form & normal
distribution mey be seen by noting Figures 1, 2, 3, snd 4., From these
Figures it will be observed that the range of scores on each test was very
large; that there were few extremely high or low scores; and that the modal
scores were approximately at the middle of the distribubion. When greph-
ically plotted the curve formed, from each distribution of scores, con-

formed very closely to the theoretical normal curve.
Megsures of Central Tendency and Variebility

In order to be able to interpret more concretely the scores of a
group, the measure of central tendency and variability should be known.
These have been computed for eﬁoh of ‘the series of tests of this study
and are listed in Teble XIIL. By moeans of these measures it is possible
to compare the degree of equivelence of the tests and the veriability of

the achievement of the studentse
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No attempt was mede in this study to compute any of the measures of
central tendency or veriability by schools. These measures were computed
For the group as a vwholes It will be noticed that the number of cases

used on Test I and Test II were practically the same.

TABLE XII

MEASURES OF CENTRAL TENDENCY AND VARIABILITY

Test 1 Tost 11
Form A | Form B Form A |Form B
Number teking test 520 508 522 524
Average 64 67 62 64
Medien 58 68 58 63
Mode 5245 7745 57.5 72.5
Renge 102 98 102 101
Q 18 15 13 11
SeDe 23.7 | 20.3 18.7 18.1
T ave 1.04 <90 .82 .79
PB(1dn) 99 83 68 .62

Read teble thus: 520 students took Test I, Form Aj
508 students took Test I, Form B; 522 students took
Test II, Form Aj; and 524 students took Test II, Form B.
The fact that the average score in each test did nof vary more than
3 points shows e high reliability. In these tests we find a differencs
of 10 points in the median on Test I and 8 points difference on Test II.
Likewise the mode is considerably higher form Form B than for Form A.
The cause for these differences will be pointed out later in connection
with percentile normse
The renge and the other measures of variability are much the same
for the equivalent formse. The measures of reliability of the medien and

mean are asmell, showing high reliebility of the obtained measures.
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Parocentile Norms

Percentile norms are of greater value then merely median or mean
norms for purposes of comparing the sﬁanding of different individuals
on the seme or different tests and of the semé individual at different
testing dates.

For instence in these tests the percentile ranks of three students on

Test I, Forms A and B, and Test II, Forms A and B, rospectively, were as

follows:
Baethel 50 55 90 90
Kenneth 70 95 85 90
Harold 45 85 80 55

By the use of such data the teacher is able to check the improvement
of the student and also the efficiency of his instruction. In other words,
it is much more significant, for exmmple, to know that a student ranks
ninetieth percentile on a test thaen to know merely that he ranks above the
group median,

In this study, percentile scores tor Form A of Test I and Test II
were compubed by the Bureau of Educational Measurements of the Kenssas
State Teachers Collegs, Emporia, for use in connection with the Every
Pupil Scholarship Tests. These percentile scores are based on 4823 pupil
scores for Test I and 4325 pupil scores for Test II.

Table XIII gives the perceuntile scores computed by the Bureaun of
Measurements on Form A of Tests I end II and the scores computed by the
writer on both Forms A and B for the schools whore both forms were givene.

It may be segen from Table XITI that the percentiles of the smaller
group were & little higher than those for the entire groups This shows,

of course, that the schools comprising the small group wero more efficient



TABLAE XIII

PERCENTILE SCORES FOR EACH TEST

Test 1 - Test IL
Percentiles Form A Form B Form A Form B
W* [ @™ M W | @ @)

99 %-ile 107 112 112 101 108 104
95 %-ile 95 106 103 86 97 93
90 %~ile 85 99 96 78 87 86
85 %-ile 79 95 90 73 82 83
80 %-ilé 73 86 86 68 77 83
75 %-ile 69 83 82 64 73 77
70 %=ile 65 78 79 © 61 78 75
85 %-ile 62 73 76 58 71 72
60 %=ile 58 68 73 55 65 70
55 %-ile 55 64 70 52 62 67
50 %-ile : 52 59 67 50 60 69
45 %-ile . 50 57 64 47 57 66
40 %~ile a7 54 61 44 55 63
35 %=ile 44 52 58 42 53 60
30 %~ile 41 49 55 39 50 53
25 %=ile 38 a7 52 36 48 50
20 %=ile 35 44 42 33 45 47
15 %-ile 32 . 41, 44 30 42 44
10 %~ile 27 36 40 26 38 41

5 9=ile 21 28 38 Pl 34 35

1 %=-ile 12 12 25 12 25 26
Number of cesas 4823 520 508 4325 522 524

Read table thus: In Test I, Form A, 99% did not exceed 107 or
112; Form B, 99% did not exceed 112. On Test II, Form A, 99% did not
exceed 101 or 108; Form B, 99% did not exceed 104.

*Quoted from Bureau of Educational Measurements, Keansas State
Teachers College of IEmporie; Report of the ninsteenth and twentieth
Naetion-wide Every Pupil Scholarship Test.

*ok
Computed by the writer.
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than the large group for which the scores wers reported in the Nation-Tdde
Testing Progreme. Percentiles on I'orm B are higher then those on Form A,
no doubt because Form B was given within ton days after giving of Form A
The difference presumebly is due to practice effect on test mechanics or
“to intervening étudy. It is also possible that a discussion of Form A
had taken place before the giving of Form B and that the incrsment is due

to added efficlency because of the learning effect.
Medlan Scores on Each Division of the Teshs

In Teble XIV are listed the median scoros made by the students on
each part of each form of Tests I and II. It will be observed that there
is almost perfect conslisteney in respect to these medians hetween the
corresponding parts of the eguivalent forms. This indicates that the
corresponding parts of the tests are really equival ent in difficulty end
in themselves reliable memsurcs of pupil attainment.

TABLE XIV
MEDIAN SCORES FOR EACH PART OF FEACH TEST

TEST T Tost II

4 B A B

Part T 22 23 Part I 22 23

Part II 8 . 8 Part II 12 12

Part III 5 5 Part III 12 12

Part IV 18 19 Part IV 15 20
Part V 10 10

Total scoras 520 | 508 522 524

Read table thus: The median score on Test I, Form A,
of Part I, is 22; on Test I, Form B, 23; Test II, Form A,
22; end on Test II, Form B, 23.
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Part Norms

Norms on the various parts of a test make possible more.detailed
analyses on the part of the teacher and more exsct diagnostic work. TFrom
the following citation of the scores of three students on the different
parts of the tests, it is seen how one may check back to see on which part

of the‘tesf the student ranks above or below the median.

Parts
1 2 3 4 5

Harold Test I, Form A 27 9 2 5 15
Form B 23 9 6 33 20

Test II, Form A 22 18 19 15

Form B 23 16 14 20

Paul Test I, Form A 22 0 3 0 15
Form B 28 10 8 15 15

Test II, Form A 28 14 7 0

Form B 27 7 12 15

Harold's score on Part 5, Test I, Form A, is 5 points above the norm, and
on Form B it is 10 points above the norm. This shows that he ranks above
the average in construction works On Test II his score on both forms is
exactly at the norm. Hemnce it may be concluded that he is consistently
efficient in this work.

Paults scéres on Part 4, Test I, Form A is 18 points below the norm,
end on Form B i; 1 point below tﬁe norm. This shows that he ranks below
the average on proof work. On Test II, his score on Form A is 5§ points
below the norm and on Form B it is just at the norm. Hence it may be

concluded that he is inefficient in this work.

* In Tost II, types of items used in Parts 2 end 3 were combined,
Therefore Parts 4 and 5 correspond bo Parts 3 end 4 of Test II.
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A graphical representation of the scores of the group on Part T of
Test I, Forms A and B is given in Pigure 5; and for Test II, Forms A and
B, in Figure 6. One of the most striking features of these graphs is the
lack of symmetry in the figure. There is a piling up of the scorss at the
high end of the scale or, in other words, the curve is negatively skewede
This indicates that on this part there was a greater roportion of capable
students than of very poor students.

It is significant, however, that there is marked conformity between
the two graphs on each figure. This shows that the two forms are highly

equivalent in respect to accuracy of measurement.
Summeary

It must be kept in mind that the mere use of the tests--just giving
and scorlng them--is not sufficient. The real value of the tests is
realized only when the test results are interpreted adequately and teach-
ing practices and procedures are based on them.

The norms should be used for interpreting average achievement of a
groupe The statistical findings of this study tend to show that the
several tests of the series are valid and reliable measuress. The per-
contile scores are most valuable for the inberpretation of both indi-

vidual and class scorese.
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CHAPTER VI
SUMMARY AND CONCLUSIONS

This study consists of a description of the details of stendardizing
a series of tests in Plane Geometry and of an analysis of the results
obtained from the construction and use of the tests.

The criteria for establishing the validity of the content of this
test ware six textbooks of geometry; the report of the Recommendations of
the National Committee of Mathematics; the requirements of the College
Entrance Exemination Beoard; the Kansas State Course of Study; snd erit-
icisms of teachers and supervisors of methemetics, and of test construc-
tion specialists. Since the content of the test is in apgreement with these
reputable criteria, a high degree of validity has been assured.

The tests of this study are thoroughly objsctive and are unadulter-
ated by factors which represent the psychological reactions of the teachers,
they measure the pupils ability snd attainment in geometry.

The tests give the student a sampling of practically all types of
work covered in geometry; they insure further that all pupils have a fair
chance to meke a creditable showing according to their ability; and they
tend to provide a high reliability of measurement.

The reliability coefficients are sufficlently high to meke the tests
valuable instrumants’for measuring class and individusl attainment. BSince
the majority of students remked in the seme quartile or deviated from per-
fect consistency by only one guartile, it is concluded thé tests possess

a high degree of reliability.



82
i gity £ i ‘ s
The diversity from item 4o item iny the degres of accuracy of the

onses tends to show that ) )
resp ’ the test 1g valid because, sinco none of the

questions s answered correctly or incorrectly by all, it ias evident that
e o s
the test differentiates emong students at botn ends of the distributions.

s of ‘
&n epalysis of the results lemds to the suggestion that geometry

teachers should give greater attention to the fundementals in the subject
and that they should reguire & greater mastery of these fundamsntals.

Percentiles differences on each form of the test could be due %o
practice effect on test mechanics or intervening study; or perhaps a dis-
cussion of Form A had taken place hefores giving Form B,

The graphical representation of the distributiom of scores on the
Tegts follow in genersal the outline of g symetrical bell-shaped curvs,
or the normael curvo.

The steiisticel findings of this study ¢learly indicate that the

test is velid apd raliable,
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