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CUA.PTl'lR I 

In the school year of 1932-33 the writer had the privilege of O0l1struot­

ing the plane geometry tests for the two Nation-wide Every Pupil Scholarship 

Tests annually sponsored by the Bureau of Educational Measurements of K.S.~I'. C., 

Emporia. These tests were ~sed in a large number of schools over the country. 

A study of the re sult s available from the te st s revealed the fact that 

there is a need for a good standardized test in the field of plane geometry. 

As the writer felt that the provision oi' such a. tost Vlould prove a valuable 

and interesting project, it "JEU> d<:l'bormined that she should provide tests 

v'ihich might be standardized and 'which might be used in 'bhe testing progrf:l,ms 

for 'I:;he two succeeding years. 

In the fall of 1933, two tests covering the first four months of work 

were given to 2~)O students in the high sohoo1s at Hutchinso11 and 'fopeka.. 

After beinr; equalized on the ba.sis of studen'l:; responses, these two tests 

became Forms A and B of Test I. 

This study consists of a. descd.ption of the details of standardizing 

the tests and an ana.lysis of the results obtained front the use of the tests. 

Schools Taking the Tests 

Although Fornl A of both Tests I and II Vias used by a graa.t many sohools 

in the Nation-vrlde Testing; Program, both forms of bo"ch tests werO given all 

pup:l.ls enrolled in plane geometry classes in a lim:l,ted tlumber of schools. 

The purpose of this proceduro was to mako all intensive s'cudy of the compar­

ability of the corresponding :Corms and to refine the instruments. In 'fable I 
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are listed the sohools used for this purpose and the number ot students 'bak­

ing eaoh form of the test. 

TABLE I
 

NUMBER OF STUDENTS TAKING EACH TEST
 
IN THE VARIOUS SCHOOLS
 

Sohools 

Abilene 

Amerious 

Bennington 

Ellsworth 

Frankfort 

Eill City 

Herington 

LaHarpe 

LeaveIlworth~ Immaoulata 

lII'Jadison 

Miller 
, 

Salina 

Winfield 

Total taking test 

. .
 • .....__ lM ....___
 

Test I 

BA 

-
99 97 

1314 

2222 
, 

-4345 

58 68 

-.... ­
48 48 

20 20 

6974 

28 28 

8 8 

.... 
104 102 -- .,. .. ~ .. ­

508520 

.. ­-

-..,,.. 

Test II 
,-
A B 

II 

... ... 
13 

20 

13 

19 

40 38 

58 58 

24 

45 

26 

45 

16 19 

69 

24 

65 

26 

9 10 

101 

103 

101 

104 

522 524 

-
Read table thUSt In the Abilene High Sohool 99 students took Test I, 

Form A; 97 students took Teat I, For.m B. 
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Soope of the Material 

This series of tests oonsists of two g~oups, designated in this study 

as Test I and Test II. Eaoh 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 oi' questions. The c011tent of the 

corresponding parts of Form A and Form B of each test is equivalent. 

The subjeot ma"tter oovered by the tests is so arranged the:b Test I may 

be given upon the completion of four months of work and Test II, upon "the 

completion of approximately eight months of work. The oonterl'c of the test 

oonforms to the subject mat"ter as outlined by the Kan sas state Course of 

Study. the reoommendations of the Report of the National Committee on Math­

ematics Requ.irements. and the COllege EntrBl'lce Examination Board. 

Test I oovers the following materialt definitions; symbols and abbre­

viations; fundamental facts; constructions; reotilinear figurGs, such as 

angles, triangles, and parallel lines; quadrilaterals and polygonal and cir­

cles up to and including chords, arcs, and central angles. 

Test n oovers the following material: definitions; symbols; abbre­

viations; fundamental faots; rectilinear figures, suoh as angles, triangles, 

and parallel lines; qu.adrilaterals and polygons; circles; areas; ratio and 

proportion; loci; problems; fundamental can struotion for four-th and mean 

proportions; and other construction problems. 

Types of questions 

In Table II are summarized the number and types of test items used in 

the two forms of Teat I and Test II. 
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TABLE II 

NUMBER AND TYPES OIl' TEST ITEMS IN EACH TEST 

Type of' item 
Teat I Test II 

A B A B 

Completion 

Matching 

Problems 

Proof 

Construct ions 

33 

10 

9 

34 

6(5)* 

33 

10 

9 

34 

6(5)* 

30 

-­

15(2)* 

30 

6(5)* 

30 

-­

15(2)* 

30 

6(5)* 

Total points possible 116 116 122 122 

Read table thus: In Test I, For.ms A and B~ there were 33 items in the 
oon~letion part. In Test II, Form A and B, there were 30 it&.ms in the com~­
1etion part. 

'" The problems of' Test II". Form,S A a.nd B.. each oounted two points. 
Constructions in a.ll for.ms were weighted, each oorreot oonstruotion count­
ing 5 points. 

It will be observed that in Test I five types of questions are used, 

n~ely= completion, matohing, problems, proo~~ and constructions. The 

completion part, Part I, oonsists of 33 items covering def'i!!i tiona and 

theorems, Part II, also covering definitions and theore.ms~ consists of ten 

matching questions with 23 ohoices. The large number of ohoioes tends to 

oontro1 the proble.m of guessing. Part III is made up of' nine numer~oal prob­

1ems; Part IV, of' three theorems in Whioh the student has to give the state-

menta of' the proot' and their reasons; and Part V, of' six oonstruotions in 

whioh the student is to use oompass and straight edge. 
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Test II oonsists of the following parts: completion, probl~s, proof, 

and construotions. The completion part, Part I, contains 30 items oovering 

definitions and theor~s; Part II, 15 applied problems; Part III, three 

theorems for which the student must give the stat~ents of the proof and 

their reasons; and Part IV, six construotions in Whioh oompass and straight 

edge are used. 

The several testa and the sooring keys provided for them follow. 
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Published by
TEST I	 Possible scoro 1 1 6 

Bureau of Etlucational Measurements
 
Kllllsas State TeRehcl's Colleg'e, Emporia.


FORMA 
STUDEN'f'SPLANE GEOMETRY 

'l'ime: 40 minutes.	 seOUE .
By Ida S. Beckel', Americus, Kansas 

Name	 Age Grade 

School	 Tea.cher 

Town	 State _ Date . 
PART I 

(Possible seOl'C, 33) Score . 
DIRECTIONS: In each of the following statements a word, phrase, 01' number has been 
omitted where the stars (."",,,,,) are placed. Write the appropriate wOl'd, phrase, or number 
on the line below the statement. 

1. An angle formed by two perpendicular lines is a 0<"" 13. The sum of the two acute angles of any right triangle
is *':=('::'. 

2.	 An angle whose size is between a zero angle and a right 
14.	 Two angles whose sides are respectively parallel arc ".....angle is called an ..n. 

15. The sum of the interior ang'les of a polygon of n sides3.	 Two angles whose sum is equal to a straight angle are is ljI't<lIjl,):.
 

called "'.".
 

16. The locus of all points equidistant from the sides of an 
4.	 A theorem which follows immediately as a consequence angle lies on the .u" of tIle angle.
 

of some other theorem is called a':"""".
 

17. If a line moves except along itself it is said to generate 
a **:I';/<.5.	 Complements of equal angles are "*"". 

18.	 To cut into two equal parts means to H.".6.	 A triangle with no two sides equal is a"·'''. 

19.	 The bisectors of two complementary adjacent angles
7.	 In a right triangle the side opposite the right angle is form an angle of ""•• degrees.

called the **.... 

20.	 In any triangle the angle opposite the base is called the 
8.	 Two line segments or two angles that may be made to "'~l~~* ang'le.
 

coincide are "u".
 

21.	 If the three altitudes of a triangle arc equal, the triangle
is ~**+.

9.	 A line intersecting each of two 01' more lines is called 
a	 11

1 ***. 

22.	 A quadrilateral having two and only two or its sides 
parallel is a (an) ""'.". 

10.	 'rhe line from a vertex of a tri::mg'le to the midpoint of 
the opposite side is aU",". 

23. The line which bisects two sides of a triangle ill .. "" to 
the third side and eq\\als one half of it. 

.........................~ u •••••••".u••••• ••
 

11.	 The length of the broken Uno Whitlh formH fL polygon Is 
called its H"". 

24.	 The size of the smaller angle formed by the hands of n 
clock a~ 2 o'clock is "'•. 

........................................_H_ .
 

12.	 If the angles of a polygon are QCilUll respectively to I;he 
angles of anoUler polygon, tllicen in the same oreler,Llle 25. 1£ BC:=, %AB ane! AB::::XY, thon lAXY ._ "H. 111 terms 
polygons are said to be u"'". of BC. 

..................................................u .
 

COIlyright, 1034, by Kilns". Stntc 'renche". COllollC. Ernpol'iu, Kansl's, 



26. The supplement of a SBo allgle Is >1< ....". :W.	 'I'l\(' numb(!)' of NidI'?! of nn ('qllll\lIgul"I' \lolYlIOI1, each of 
whmm l'xtf'l'lol' h\ll~\ h'll ('1Jllnl~; :10 ", IN ••••. 

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

27. An angle whose complement is G8° mOl'C thnn the angle
itself equals .........
 

~n.	 If foUl' Hngle!/> of II pentagon EIre 05", 90", 100", and 110 0 
• 

llw flft.h lJIW is ••••. 

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

28. A central angle of 80 0 intercepts an arc of ........
 
32.	 If the mediull of a trap(!zold is 13 lind We lower base is 

Ill. the upper base i~ ..... 

29. The total number of degrees in the interior angles of a 
11exagon is . 

33.	 If a:>b und bcc::.c, then n **.~ c. 

........................ u __ •• · __ .
 

PART IT 

(Possible senre, 10)	 Score .. 

DIRECTIONS: Read each of the following statements and 
think what word 01' words complete it. Then find the word 
or phrase In Column II and write its l1Umbel' in the paren­
thesis before the statement. An answer may be used more 
than once. 

Column II.Column I, 

1.	 Two straight lines perpendic- l. acute 
ular to the same line are 2.	 area 

3.	 chord2.	 Two congruent figures can be 
made to 4. circle 

5. coincide 
a	 rec­3. The interior angles of 

6.	 complementarytangle are 
7. equal 

4. If equals are subtracted from a.	 exterior angle
equals the differences are 

9. intorior angle 
5. An exterior angle of a trl- 10. isosceles 

angle is greater than either 
11.	 obtusenon-adjacent 
12.	 parallel

have6. If two adjacent angles 13. lJerimei.cl'in thetheir exterior sides 
same straight line theY are 14. perpendicular 

15. IJolyg'oll 
7. In any triangle at least two 

16. Drool'of the angles are 
17. l'iflht ll11g1f','i 

angles of8. If two consecutive	 rholllhllH18. 
a quadrilateral are right au­
gles, the bisectors of the oth- l!). flf.iellll t 
er two angles are 

20. 1i1lPplnmeul.ul'Y 

9.	 A plane figure with N sides is 21. 1,IUlHlmt 
a 

22. (.1'(Il)01.01d 

touches a	 011'­10. A line whicll	 2:1. v(!I'Llm~1 angh'
cle in only one place is a 

PARTIn 

IPGssiblc !iMre, tH Score . 

l)JnI~(lTION!'l: In each of the following problems compute 
the anliWf'l' to Nwh qUPRtllln and wrltl' It on the dotted line. 

I. (Figure 1) 

PQ//AB 

A 1. ,iPQCccc 0 

2. lCAB", "Fr 9' / 

3. lACB"', ...... 

II. (Figure 21A 8 
AB//CD 

KOIS'!' 

C	 0
KS	 4. Ix 

Fr 9'..t 
5. ly 

6.• W 

III 1}"lMI1H' :II 

o hi till' Ct'ut f'r of 
drr'lfl 

All' At: 411" 

'/	 UOII 

II	 OAC 

r"f q, ., 
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PART IV 

(Possible sool'e, 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 accompanying "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 I1nes left for them. 

List of RcasoIls 

2. Identical. 

L Given. 

ReasonsProof 
-------~BA 

FI ~. If 
GIVEN: 

AC=BC
 

BD=AE
 

r.ro PROVE: 

6ABE"".6ABD 

B 

A-----~C 

GIVEN: 

AB=BC 

AD=DC 

TO PROVE: 

Lr=Ls 

A'-----:o'lr---~B 

C'HVIiJN: 

AB=BC 

MN//AC 

'1'0 PROVE: 

MB=NB 

Example (a). 

1 

2 

3 

4 

5~ ~ _._ __
 

6
 

7
 

8
 

9
 

10 

11. 

12. 

13. 

14. 

15. 

la. 

17. 

AC=BC 

.. 

. 

. 

.. 

_._	 HH _ 

.. 

. 

. 

. 

;................
 

(a) ( 1 ) 
3. Two triangles al'e congruent if three 

1.	 sides of one are equal respectively to 
three sides of the other. 

2. 
4.	 Two triangles are congruent if two 

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

3. the included angle of the other, 

4.	 5. Two triangles are- similar if three an­
gles of one are equal respectively to 
three angles of the other. 

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 intelior an­

5.	 gles are equal. 

6.	 ( 
8.	 If two parallel lines are cut by a 

transversal the corresponding (exter­
7. ior-interior) angles are equal. 

8. 
9.	 If two lines are cut by a transversal 

making the alternate interior angles
9.	 ( equal, the lines al'e parallel. 

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

11.	 If two angles of a triangle are equal,
the sides opposite these angles· are 
equal. 

12, Equals may be substituted for equals.la, 

11.	 ( 13. If an angle is divided into two equal 
parts by a line, the line is called the 
bisector of tile angle.12. 

13.	 ( 14. Quan~ities which are equal to the 
saine quantity, aI' to equal quantities, 
are equal to encll other. 14. 

15.	 15, Oorrespondlng; PM'ts of congruent tri ­
angles are equal. 

16. 

!G. If eqUals nre subtracted from equals,
17, the clifferences are equal. 



B 

------B 

A-

c----­

4. Construct an isosceles triangle ABC In Which LB 
vortex angle and AB is a side. 

B 

5. On line AB construct a right triangle ABC whenLC 
line AB are as given. 

6. AI; P all line MN constl'UcL an angle OPN which will t 
135" . 

8 

A-·------B 

e..­ .-....:. B
A 

A&...-------s 

:PART V 

(Possible score, 30) Score . 

OlRECTIONS: IiI these exercises you are to make certain formal constructions, Compass and straig'ht-edge ~ 

are to be used. All necessary construction lines slIould app ellr In tlIe completed fig'ure. 

1, Find a point 0 equally dlsLant from Lhe tlIree vertices 
of tho triangle ABC. 

2. Construct the altitude BE to siele AC of the triang'le ABC. 

3. On line AB construct L\ABC In which LA Is as g'lven and 
LB==; Yo, IA. 
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GEOMETRY TEST 

Test I Form B 

PART Ithe 

DIRECTIONS: In eaoh of the following statements a word, phrase, or number 
has been omitted Where the stars (*.*) are plaoed, or a question has been 
asked. Write the appropriate word, phrase. number, or answer on the line 
at the left of the statement. . 

Adjaoe:ot 
__-.logj,;;1;...6....;8atI 1. 

Ob'buse 
__an g.r...l_e .2 •.......


Complementary 3. 

.Theorem 

! and Equal 
Isosoeles 

-briangle 6. 
_"';;';;';:;';;.;..;J:ol,;;;,..___ 

..;;;L_.e,liiig:.;;.s 7. 

Congruent 8.._...-.l""-_____ 

Parallel lines 9. 

Altitude 10. 

Diagon~l 11. 
equal ,,;;.;;;;...;....11....,;.............-.......
 

.:C.,;;o.;;;1J.g,..,ru.;.:..;..en;;.;.t~_....;12. 

~1~8.,;;O_O 13. 

Equal or 
suppl~enta~ l~. 

Two angles Which have a common vertex and a oommon side 
between them are oalled **•• 

.Ax! angle 'Whose size is between a right angle and a straight 
angle is an (a) ***. 

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

A triangle that has any two of' its sides equal is oalled
(a) an •••• 

In a right triangle the two sides of the right angle are 
called *••• 
Two closed figures Which oan be made to coincide are said 
to be •••• 

Lines that lie in the sa:me plane and that cannot meet 
however far produced are oalled *.*. 

The line from a vertex of a triangle perpendicular to the 
opposite side is oalled (a) an *••• 

The line joining any two non-oonseoutive vertioes of a 
polygon 1. s (a) an ***. 
Two polygons Which a.re mutually equ.iangula.r and mutually 
equilateral oan be made to ooinoide and are said to be ***. 
The sum of the three angles of any triangle is equal 
to .**. 
Two angles whose sides are respeotively perpendioular to 
eaoh other are .**. 
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The sum ot the exterior angles of a polygon formed by 
produoing the sides in suooession is ***. 

Perpendioular 
bi seotor 16. The loous of all points equidistant from the extremities 

of a line is the ***. 

line 17. Amoving point is said to generate a (an) ***. 

Bisector 18.	 If a line divides an angle or another line into two equal 
parts it is oalled a (an) ***. 

The bisectors of two supplementary adjaoent angles form 
an angle of ***. 

¥lP0tenuse 20.	 In any right triangle the side opposite the right angle 
is oalled the ***. 

Isosoeles w __21.	 If only two aJ. titudes of a triangle are oqual the triangle 
is ***. 

Quadrila.tera~22.	 A polygon formed by four straight lines is a (an) ***. 

Medians 23.	 The *** of a triangle meet in a point 'Vrtdoh is two-thirds 
the distance from any vertex to the mid-point of the 
opposite side. 

1200 24•	 The size of the smaller angle i'ormed by -the hands of a...... 
olock at 4 p.m. is ***. 

tBC 25. If BO • 1/3 AB and AS • 2 XY, then 1/6 XY • *** in terms 
of BC. 

430 26.	 The oomplement of a 470 angle is ***. 

550 27. An angle whose suppl~ent is 7.00 more than the angle itself , 
equals ***. 

600 28.	 A oentral angle of 60 degrees interoepts an aro of ***. 

29. If tho sum and the differenoe of two angles of a triangle 
are respeotively 100° and 30°, the three angles are ***. 

An equiangular polygon, eaoh of whose exterior angles 
equals 9° has *** sides. 

11	 If the upper and lower bases of a trapezoid equal 15 and 
7 respeotively, the length of the median is ***. 

160
e 

33.	 Two pnrallei lines are out by a transversal. If one of the--------- two interior angles on the sarne side of "I:;his transversal is 
eight "I:;imes the other, the nwnbor of degrees in i:he larger 
angle is ***. 
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PART II 

DIRECTIONSt Read eaoh of the following sta"bementa and think what \\Ord or 
words oomplete i1;. Xhen i'ind the word or phrase in the list of answers 
and write its number in the parenthesis before the statement. An answer 
may be used more than onoe. 

(19)	 1. Perpendioular makes not only equal adja­ 1. Aoutt) 
oent angles with the line but also 2. Area 

3. Chord 
(17)	 2. In a theor~ ~he line of argument lead­ 4. Conolusion 

ing to a conolusion is called the 5. Complementary 
6. Equal 

(	 6) 3. Alternate interior angles of parallel 7. Exterior angle 
lines are 8. Five 

9. Four 
(14)	 4. The opposite sides ot a parallelogram 10. Given 

are equal and 11. Isosoeles 
12. Interior angle 

( 9) 5.	 The number of sides of a quadrilateral 1s 13. Obtuse 
14. Parallel 

(	 2) 6. The number of square units in a. closed 15. Perimeter 
plane figure is oalled the 16. Perpendicular 

17. Proof 
(	 6) 7. If equals are divided by equals. the 18. Unequal 

quotients are 19. Right angles 
20. Seoant 

(20)	 8. A straight line Whioh interseots a oircle 21. Supplementary 
in two points is oalled a 22. Tangent 

23. Trapezoid 
(13)	 9. The Bupplement of -the oomplement 01' a.n 

aoute al'l gle is always 

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

PART III 

DIRECTIONS: In Bach of the following numerical problems you are to oompute 
-the answer to the question and write it on the dotted line. 

I. (Figure 1) 

C PQ II AB 

i .. 

P 

A 

Q 

B 

LAPO. • 1180 

!.PO.B • 1460 

1. L0 84= 
2. LA: 62 
3. LB. 34 

0 

0 

0 
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II. (Figure 2) 

AB II OE 

ok..L st 

L toB 280 
11 

0 
11 152 

0 

4. !.. x 

5. !.. y = 118 

6. !.. w = SO 0 

III. (Figure 3) 

a 1s the center at 0 

FB.L OE
) 

L CEO = 28
0 

59 07. !.. ORA = 
08. L AOB 11 __6_2_

9. L lOOB = ~1_1.;...8_0 

PART TV 

DIRECTIONS: In eaoh of the following problems study the figure and the 
statements of what is given and Vlhat is to be proved. Write the steps of 
the proof on the lines left i'or this purpose under "proof." Next find the 
reason for each step of your proof in the aocompanying list of Hreasons. tt 
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 them. 

1. 
~ 0 

Given: AB = DC 
LBAC =!..DCA~~c To prove z11 ABC~ Ll ADC 

Proof Reasons 

1. AB = DC 1. ( 1) 

2. AC • AO 2. ( 2) 

3. ..J,. BAC =LDOA 3. ( 1) 

4. 6. ABC -;: 6. ADO 4. ( 4) 



---
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2. 

Given: BE = ED 

ED II BO 

To prove: LABC is bisected by BD 
C 

BE _ ED5.	 5. ( 1) 

6.	 Lx·Lz 6. ( 8) 

7.	 ED I/. .BO 7. ( 1) 

8.	 Lz.~y'. 8. ( 6) 

9. Lx -.!J 9. (13)
 

10.~D is bisected by BD
 10.	 (12) 

3. 

Given: DO : OE

Ly-LZ
~ ~ ~ 

To prove, DF = EF 

C 

rn 

0 

00 :I OE11.	 11. ( 1)
 

OB • OB
12.	 12. ( 2) 

13. Ly=Lz	 13. ( 1) 

14. Lz=Lx	 14. (15) 

15. Lx =Ly	 15. (11) or 13 

16. A OOF ~ ~ OEF 16. ( 4) 

17. DF :I EF	 17. (14) 

Reason s for Part IV

1. GivEln. 

2.	 Identica.l. 
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'1IIllIllllTM'IIIIIIIIII__..... 'O_IIJIIIIIQlIBIIIIIII!IBIIJII!IWJ'e' Tnt	 m 

.."	 3. Two triangles are oongruent if three sides of one are equ~l respeotively 

w"lJImn 

to three sides of the other. 

4.	 Two triangles are congruent if two sides and the inoluded angle of one 
are equal respeotively to two sides and the included angle of the other. 

5.	 Two triangle s are oongruent ii' two angles and the included side are
 
equal respeotively to two angles and the included side of the other.
 

6.	 I~ two parallel lines are out by a transversal, the alternate interior
 
angles are equal.
 

7.	 If two parallel lines are out by a transversal the exterior-interior
 
angles are equal.
 

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

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

10.	 If equals are subtraoted from equals, the differences are equal. 

11.	 Equals may be substituted for equals. 

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

13.	 Que.:ntities whioh are equal to the same quantities, or to equal quan­
tities, are equal to eaoh other. 

14.	 Corresponding parts of oongruent triangles are equal. 

15.	 Vertioal angles are equal. 

16.	 Compl~ents of equal angles are equal. 

PART V 

DIRECTIONS, In these exercises, you are to make oertain formal oonstructions. 
Compass and straight-edge alone are to be used. All neoessary oonstruotion 
lines should appear in the oompleted figure. 

1. Find a point 0 equally distant from 
the three sides of triangle ABC • 

...," 
,I 
\\	 .... ­

~_.. \I~---
~. .--1'..... ~~ ~ ... -.. ~ 'J__ -~ II 

,.,.~ 1\\ .. ~_ .. -	 ,:..J', ,I 

_.. ~-, : ' ... , 
/\.. I , C 
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2. Construct the median BE to side AC of 
tri8.l1 gl e ABC 

3. CODstruct a tri8.l1g1e ABC in which 
AC = 2AB and LA is as given. 

/
/\

J 1,

\ 

'.0 

,
,/i\\ 

\
/ \ 

~6 '~~ \
p{	 \e 

4.	 At Y on line XZ construct an angle 
WYZ v.hich will equal 75°. 

I
l:':...,.,,-~ 
: I"" 

....... 1 _..I "
 
......~< .... i I_

I ,.-~~.,.~ 
I , ,.1 .... 

-1-1.. '"I ",, ~,.. 

" , ,
, I I 

( J-'/--)!-,--!--~'z. 
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5.	 Construot an isosoeles triangle ABC 
in Whiah LB is the vertex angle and 
AC is the base. 

",,' 
r 

\,I " 
~ 

\ , \ 
/	 \ 

I \ 

f \ "
 
I \, \ , 

......... /"",'" ',~-
,l"... "'"'r',-­

1/',	 ", ,,' \'" \,' \/ \ I \ 
I \ \

If \c.
J t 

6.	 on line YX construot a right triangle 
XYZ in which XZ is equa.l to t of XY. 

I 
... _- , ...~ .. ... ,,<... 

... "" I ....
,'" ...... .,., ..... 

-~~,""". ".,,': ......... '~/
 
.......... /1\
: ......... , \
 .......... I	 ,
 

I "'" .... 
, I .......
 
I I .......
 

I ' '. I ........
 
, I ',I ....---.-r ----X :: .... h ~ 
\	 / 1 

1 
1 
t 

\ I f 
\ I ~ 

',</ 
../ " , 
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TEST II	 l'ubIiNhl'(} hy 

l'ow,lIJlc t.COI'I1 .... .,........ 1 2 2
 UUl'l'lltl of 1:llt1l'llUOlllll Mell~lIl'l'llH:Jlt:; 

Kansas Klaln 'l'e:H:ht~I'H ()olll".;p, !':1II1"Il'ht 

FORM A. 
Pl.ANE GEOMETRY 

S1'UI)l';NT'STillW: ~J) Illjnutl~~i. 
('{COIn:; .. 

Name Age Grade . 

School 'l'eaeher .. 

point within (jailed thc center is a "*"". 

TOVl-'ll Stnte Date .. 

(Pmwible score, 30) 
PART I 

Score ., . 

DIRECTIONS: In each of the following rihtleJl!I'nls f\ word, phrase, or number Imfi been 
omitted where the Btars (••"0) arc nlaeed. Write the appropriate word. phmse, or numbCl' 
on the line helow the statement. 

1. A clof~etl emve all pOlntH of whlr-h urI' equidistp.nt from 13. Altenwte interior angle.'; of jlarnllcl liner. a.re ...... 
rt 

., . 14. 'I'rlmll'1<.,,: whmw Ilides nrc 1'(\"pectlvc:ly perpelldicular
:1. A theorem which followli immcdlately Uli n. eonlicqul'ner. U1'(~ .*';t"J!I'. 

of Ilome other Ulcorcm is caU a (lin) """. 

......................................................
 lG. A fit,rid:::ll!, line whic:li illll'r,';er:k: a r:il'dl: jll two llolntfi Is
:J. The sum of the il1t(~l'lor all[llcll of (t polye'Oll of n Gides culled I', (lUl) .,....is 1~11C1it'!l. 

. .--	 . 
W. An :wgle formed ll~' two rudii of n circle ill el~l1ell a (au)··4>i;i~e···ioClis..(;'(·;~i·i ..i;~·i~t~· equidistant front thc liiclm; of an *III II: *,

angle lieB on the o*"" of the angle. 

•••••••••••••• u ••••••••• ···················-········· 

17. A polyu;rm wlJose sides nre lUllgentr; to a clrclo is called5. A triangle with no two sides equal is a (an) ."'''. 
a (an) UU• 

..ii:··i;\v~ ..angi·~~ ..\;;i;·i~il ..h;;~;; n. common vertex and Po COlllmon ...................................................... 
side lJetwcen them ure called ..... lB. A fJguro formed by an arc amI its chord. ill called a (an)

,,*',,' of a circle. 

..7:..An·anii~··\vii·(;s~ .. ~i~;·is ..between the size of a right angle 
and that of a straight angle is a (an) ,.u. 19. An equation wh(;~e members are equal ro.L!oR Is called 

a	 (an) 1/11);1'$. 

fJ.	 The pcrpendicular drawn from the vm-Lex o[ a triangle
 
to tlw opposite lJide In l:alletl It (an) ""'''''.
 :n. Whf:Jl tLI: ;il~r:nWl1t~ of OlW line have the l>rIme mUo UI> 

t.llt eU\:I'I'lojllHlI!illl'; :,I:I'locnlll of nnnll1l'1' lim', Uw two lines 
lun I:nill to Ill' (Jivicled .,:.••. 

iii:·iil;j..;:i';~·;:·;·;f'·ii;ii ..·;;;;·;;;:ji;;;: auglo [millet! by I·lte 1llUldil uf It 
doc!. lIt Ii 11. m. lH ••••. 

:l:~. 'nil: IIl'1'll of [t """ III ('(111\ll 1.11 half the Ill'ndlliit of the 
. cli:q,,,ouulH. 

11. Til,' C1llllpll'llH:lJL (If It 
~, 

li'I" ilnr·dl! ill """:"". 

;l:I.Al;·;l;\;~II'·r;;I;H;:;lhy UllI Int(lnl\~llloll of twu ('lim'un With­l:l.i;l·li.l:i;i:;;;;;;;;;.. ti;·;~.. ·ii;;~·!.. ;·lf J'I'a:;"iilll:~ II'fHUn:: til II. /:0111:11111­ in It Illl'dci 1J,llmh: llulHtll'ltmlly ... ~.
 
lOll III eallt:t.1 tIll! "''''''''.
 



24.	 The .... or 0. chord passes througll the center of the 
circle. 

25~"Al~"~ilgie":i:~;i:m;;'ci'''by'';;'''tnl1gCl1t lind a chord drawn fram 
the point of tangency equals numerically *"'''''. 

•....... ,.. ,.u ·.··u --•.· .•
 
20. A parl\llelogram inscribed in El circle is [\ *,.... 

..........................................................
 
27. The area of a triangle equals····. 

28.	 Mutually equiangular tl'iangles are ..... 

2g:..If..ti1~··~niii~·~··;;f···~·~~··POlygon, taken in order, are 
respectively to those of another, taken in order, the 
gons are said to be '" .... 

30:··A-·sti:~ighti·i;i~·..~;i~i·Cli···joins any two points all a 
and passes through the center is a (an) ..... 

PART II 

Score : ..(Possible score, 30)
 

DIRECTIONS: Worle each of the following problems and write the answer on the line
 
below the prob.1em. 

1.	 FInd tho area of a triangle if its [mse and its altitude 
nro 9 {lilt! 6 respectively, 

u" · u··.······················ 
2.	 A side of a rhollllllw is 5; its diagonals are (j lLnd 8, Find 

the altitude. 

3. li'indthc fourth proportional to B, 6, and 4, 

••••••••••••• ~ •••••• ; ••••••••••••• n ••• . 

4, Find the third proportional to 2 and 4. 

5. State tIle following proportion !Jy inversion 4/8 :::: 6/12. 

.......................................................
 
G.	 If two corl'espomling sides of two slmllal' polygons are 

15 and 20, what Is the ratio of their pel'jmcters, 

..7: ..ii~·)~w·j:;ii;i'; ..i;·;;·i:;:;:~··ti;·~t· (~rlflts It shadow r.o feel; long jf an 
8-foot VCl'LlCltl pWlt cmslfJ a /ilJllcIow 10 feel; long (Ie the 
fllllno til1lo? 

D.	 Find the Ride of a sqUal'c whose (Uagonal. is 12. 

10. Find the area of an equilateral triangle if a side i1 

..	 u ••••.•••..• 

11.	 In an isoscC?les trIangle find the area 1£ a leg is B aJ 
altitude is 5. 

12.	 '.rhe angles of an inscribed triangle are 40·, 60' 
80°. TIle bisectors of the angles meet the eir, 
x, y, and z. Find the size of the angles of triangle 

ii..iit~o·ta~g~~t~ ..~~~·d~~:.vn from a point p to a eire! 
the intercepted arcs when angle P formed by thl 
gents is 40 Q • 

i4:..I-I~~·~;~~y ..deg:;:;~:~ ..~·r~ ..there in each of the angles 
inscribecl triangle if the arcs slllJtended by the sid 
in the rattoo! 5:7:12. ' 
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~ Is 4. 

PART III 
(l'oaslblc score, 32) Score . 

DIREC'l'lONS: Xu e[\ch of tllO following problelll!1 study the figure [lIId the stntclll[)nts of what is given lind what III to 
be proved. Write the stcps of the l)roof on the Ulles left for this pUl"!lose l111licr "l'l'I)of." Ncxt :l1nd tlll1 renRon fm' each 
step of your proof in the aCCOll1DunyillR "I,ist of Reasons," lllld write it!'! nnmber In the \1[\r('11t110811; following the slep. 
There should be as many steps in a correct proof us there are ure !lIles Jeft for them. 

List of Rlll\SOnll 

1. Hypothesis (given) 

2. Identical 

3.	 A quantity may be substituted for its 
eCjllo1 in any proce&~. 

Proof Reasons 4.	 If equals are added to equals, the 
sums nrc equal. 

1.	 1. 5. Halves of equal~ arc equal. 

6.	 Corresponding parts of congruell t tri ­
I\ngles arc equal.2	 .. 2.

A~-------:AB 

GIVEN: 

Fig. 1 

AC=BC 
3 . 3. 

7. Two trillllg1es lire cOllgrllent if two 
angles Rnd t.he included I,ide of one 
are equal l'espeetively to two angles 
and the Included side of the other. 

D and E are mid-points of 

AC and BO respectively. 

4 . 4. ( 8. Two triangles are congruent If two 
sides and the Induded angle of one 
ure equal l'espcctlvely to two sides and 
the included angle (Jf the otllor. 

TO PROVE: 6ACE",,6BCD 9. 'rwo triangles arc congruent If three 
Hides of one arc equal respectlvely to 
three sides of the other, 

10. 'rhe base angles of on Jsosceles tri ­
angle are equal. 

A 
5 .. 5. 

11. 'fwo triangles are similar if two angles 
of one arc eqUal respectively to two 
angles of the other. 

6 . o. 12. Two triangles are simil.ar if their cor­
responding sides are proportional. 

7 . 7. ( 13. The opposite angles of a parallelogram 
are equal. 

o 8 .. 8. ( 14. The opposite sides of a parallelogram 
are equal. 

I 
GIVEN: 

Fig. ~ 

9 .. 9. ( 
15. The opposite :sides of a parallelogram 

are parallel. 

In circle 0, arc AC=are OB; 
An and OD arc intersecting 10 .. 10. ( 

16. The diagonals of 
sect each other. 

a naraltelogram bi­

chords. 

'ro PROVE: 6A9E~6AOD 

17. If two sides of a quadrilatel'al are 
equal and para.llel, the figure Is a par­
allelogram, 

18. An Inscribed angle Is measured by 

B~D 12, 

11 

.. 

.. 11. 

12. 

olle-Ilalf its intercepted arc. 

19. All Bugle formed by 1\ taug'ent; and n 
ellortl eqllnh olle-half its interceptc(1 
arc. 

GIVEN: 

Fig. 3 

Par(l.lI(~logl'[un ABOD; 
1:~ .. 13. ( 

20. An nngln formed by two chords Inter­
Iwotlng wlt,hin II- airele f!Quals one-half 
the sum of Ihe Illtt!leq.lte·(] meso 

E Is the mld-l)olnt of AD; F in 
14 . 14. ( 21. If two Pfll'IlIlf'1 llm'n nrt~ (~l1t hy r~ 

tl'llllliVl"l'I'lll, ttln exterlor-ll1tl1!'Jot ((.;01'. 

the mid-point of CD. 

TO !'IWVJJJ: AECF' III [l rml'lllll:lo-

Ui .. 16. ( 
:l~!. If two pIll'l\llt!l lines l,tO cut by l10 

tl'll11l'1Vtlrslll. Ow n.ltf'l'nM,<>·inln'IOl' lin.. 

H~B\llmdlrlH) lU1l;11ml 1m! mIll"!. 

1(j . 10. ( k:le~ aro {~qU(l1. 



.. c 

B. 

b 

d 

c 

A 

L 

O. Find all the. points at a given distance d· from a fixed line 
AB and eqmdistant from two given points C ancl D. 

5. Construct a rh~l11;)llls with its acute angles equal to y and 
the diagonal jommg the vertices of these angles equal to 
p. 

4. Construct a line x which is thc fourth proportional to 
lincs It, b, and e. 

B 

e 

A '--------:-..B 

b 

A'--------' 

3; Construct a circle inscribed in tIle triangle ABC. 

2. COlllll.ruct the Lllree medians of trianglc ABC. 

l'AItT IV 
(Pofllllbill Bearil, 30) Score I . 

DIUEFl'lONS: III these ('xcI'clsllS you nrc to make certain fm'lllitl cOllstrtletions. Oompass and straight-eclge alone 
nrc to be used. All ncccssary cOllstructlon lines should nppear in tho completed figure. 

1. Construct an Isosceles triangle with a base equal to b llnd 
two sides each equal to o. 
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Plane Geometry
 

KEY
 
TEST I FORM A
 

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

Part I 33' 
Part II 10 
Part III -..... 9 
Part IV 34 
Pa.rt V 30 

Total score, 116 
PART I 

Allow one point for each correct answer. Pos­
sible score, 33. 

PAGE 1
 
PART I
 

Column I
 

1. right angle 

2. acute angle 

3. supplementary angles 

4. corollary 

5. equal 

6.	 general 
or scalene 

7. hypotenuse 

8. equal 

9. transversal 

10. median 

11. perimeter 

12. mutually equiangular 

PAGE 1
 
PART I
 

Column II
 

13. 90° 

14. equal 
or supplementary 

15. (n-2)180° 

16. bisector 

17.	 surface 
or plane 

18. bisect 

19. 45° 

20. vertex 

21. equilateral 
or equiangular 

22. trapezoid 

23. parallel 

24. 60· 

25. %130 

PAGE 2 
PART I 

Column I 

26. 142° 

27. 11° 

28. 80° 

29. 720° 

PARTD 
Each correct answer counts 

one point. Possible score, 10. 

1.	 (12 

2.	 ( 5 

3.	 (7 or 17 

4.	 ( 7 

5.	 ( 9 

6.	 (20 

7.	 ( 1 

8.	 (14 

9.	 (15 

10. (21 

x 

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 const111ction shall be made accordingly, by standard 
construction methods. CARELESS AND INEXACT WORK 
SHOULD NOT BE CREDITED 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. 1 perpendicular bisectors for any two 
sides are sufficient. I~or No. 5 the right ang'le may be either 
at A 01' at B. Possible score, 30. 

/ 
/ 

A~-

PAGE 4 
PART V 

Column I 

( 1 

(10 

:",'t1' each 
!of and 
,correct 
~'or the 

figure 5 
'~\re glv­

",'!foblems 
correct, 

tor the 
"",d nts 0.1­
, 'irnlshed 

:'1, and 3 
, I ",i order. 

,hay be 
Possible 

( 1 

( 1 

( 2 

( 3 

(15 

iBC ( 1 

'iCA (10 
,'DC ( 1 

"tiCA (10 
, ", ~y 

( 1 

':LO (10 

lAC ( 1 

'~MB ( 8 

I:': 'fMB (14 
'I 
"INB ( 8 

I 

[MB (14 

p:NB (ll 

7. 40 

32. 8 

8. 70 

9. 140 

31. 145° 

33. a>c 

PAGE 2 
PART I 

Column II 

PART III 
Each correct answer counts 

one point. Possible score, 9. 

1. 33 

2. 66 

3. 81 

4. 38 

5. 38 

6. 52 

PAGE 4 
PART V 

Column II 

B 

/ 
~--t--

LMO~--t __ N 
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UECltER-SCURAMMEI. 

Plane Geometry 
TEST II FOltM A 

Papers must be scored aeeorc!ing to this I;:ey. An 
0l111Sbioll is eountotl uo all 01'\'01', 
1'086i1l10 scorc: 

l'llrt I _ '.hU. 3:} 
l'U,l't XI 3]n ••••••••• •••••• 

I'arl III ;................................ 3~ 
Part IV 311 

Total 5001'C 122 

I'ART I 
AUow one point for each eorrect answer. Possible 

score, 30. 

PAGE I PAGE 1 
PART I PART I 

Columr. I Cohlmn II 

PAGE Z PAG~ 2 
PART I PART I 
Column I Column II 

28, 8lm11ar24. perpencllcular bisector 

25. % Its Intercepted arc 

29. mutually equiangular 

26. rectangle or square 

27.	 % BH, or
 
~~ base X altitude
 30. diameter 

PAGE :J
 
PAIt'I' XII
 

Allow one point for each 
correct step of a proof and 
one point for each correct 
reason. Note that for the 
problem l'elatlng to Figure 3 
two alternate proofs are giV­
en. For each of the problems 
any other proof, If correct. 
should be credited for the 
same number of points al ­
lowed for the proof furnished 
in this Icey. stcps 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 = DC 1. (1 

1. circle 13. equal 
2. 00 :::: CE 2. (5 

3. LC = LC 3, (2 
2. corollary 14, similar 

4. .6.ACE :;; .6.BCD 4. (8 

PART II
3. (n-2)180°. (n-2l2rt. &. Each correct answer counts two points. Possible 

or (n-2)st. L 15. secant score, 30. 

9. 6 \/2." 8.4, 8,48, or 8.5­
4. bisectOi 1. 27 

16. central angle 

5. scalene triangle 

PART IV 
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 macle accordingly, by stl1ndard 
construction methods. CARELESS AND INEXACT WOHK 
SHOULD NOT BE uREDlTED A'r ALL. Where the choice 
of a radius is arbitrary, the Iwy figures are only suggestive 
of detalls. Allow full credit for any other construction that 
i8 correct. For No.3 bisectors for any two angles are sufI!­
cient. Possible score, 30. 

PAGE <1 
PART IV 
PAGE '" 

PART IV 
Column I Column II 

s. 

U­
'~ 

. p . 
-----------,-.J2. ~5. arc AC = qrc BC 5, ( 1 10. 4 \/ 3, 6.92, or 6.917.	 circumscribed polygon
 

2.4,8 or 4%
 X 
6. LD :::: 1h arc AC 6. (186. adjacent angles 

18, segment 
7. LCAB=1h arc BC 7. (18 

3. 3 11. 31.2, 31, or 5 \/ 3il 
7. obtuse angle 

8. LD = LCAB 8, ( 3 

19. proportion A 
8. complementary 9. LC == LC 9. C 2

4. 8 

20. extremes 12. 50°,60., 70· 
10. .6.ACE - .6.ACD 10. (11 d

9. altitude 

5. 8/4=12/6 X 
21. proportionally 

10. 150° 11. BC = AD 11. (1413. 140° and 220· 

12. AE = %AB 12.11. 33· 6. 15/20. or ~ 22. rhombus 

13. CF = lhCD 13. ( 1 

14.37714°,52%.,90.
 
intercepted arcs
 

12. proof 23. 11.1 the sum of the 
14. AE == CF 14. ( 5 

7.41'1 
BA15. AE II CF 15. (15 

HI. AECF is a paral­
lr.logram 16, (1715.24 

8. 36 Altcrnatc Proof 
11. BO == AD 11. <14 
12. AB == CD 12. (14 
13. AE :::: CF 13. ( 5 
14. AE II CF 14. (15 
15. AEOF is a 
parallelogram 15. (17 
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PLANE GOOMETRY 

Test II Form B 
to 

PART I 

DIRECTIONS; In each of the following statements a word, phrase, or number 
has been omitted where the stars (***) are plaoed. 1Write the appropriate 
word, phrase, or number on the line at the left or the statement. 

Concentrio oircles 1. 

Theorem 2. 

and 
~l to 

_3,;..60.o_o_r_4_r_t...._I:....S' 3. 

Perpendicular 
bisector 4. 

--,--------­

;,;R..;.,i,lo/,gh;..t.--;;An,;;;,,;,\igil,;;l;.;..El S. 

Aoute An~le 7. 

l line SUP;!? 1emental"'J 

Median 9. 

1200 10. 

Inte~1or angle 12. 
~~~~--~-------

PerEendicular 13. 
~-4__~~~--------

Similar. 
~angent 15. 
~~--------------

Ciroles having the s~e center but different radii 
are ***. 

A statement whose truth maY' be proved is called a 
(an) ***. 

The sum of the exterior angle s of a polygon ;formed 
~J producing the sides in suocession is ***. 

The loous of all points equidistant from the 
extremities of a line is the ***. 

A triangle anY' two of vhose sides are equal is 
oalled a (an) ***. 

An angle formed bY' two perpendioular lines is a 
(an) ***. 

.AD angle v.hose size is between the size of a zero 
angle and that of e. right a:ngle is oalled a (an) ***. 

The line from a vertex of a triangle to the midpoint of' 
opposite side is a (an) ***. 

The size of the sma.ller a.ngle 1'ormed by the hands of' 
e. olock at four o'clock is ***. 

An exterior angle of a triangle is greater than 
either nonadjaoent **•• 

If two oonsecutive angles of a quadrilateral are right
angles, the biseotors of the other two angles are ***. 

A straight line whioh touohes a cirole in onlY' one 
plaoe is oalled a (an) ***. 
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Insoribed angle 16. An angle whoso vertex is on a oirole and whose sides 
------------------- are ohords is oalled a (an) ***. 

17.	 A polygon 1Vhoae sides are ohorda of a oirole is oallod 
a (un) ***. 

~S~e~o~to~r 18.	 A figure bounded br two radii and their interoepted 
arc is onlled a (an) ••*. 

Ratio 19.	 The relation of one number to another is called a 
------.----	 (an) ***. 
_M_6_an_s 20.	 The sEloond and third terms of a proportion are oalled 

the ***. 

t differenoe of their
 
.!!Jteroepted arca 23..An angle f'ormed by two tangents equals numerioally ***.
 

~P~e~r~p~en~d~i~o~u~l~a~r 24.	 A line drawn through the oenter of a oirole 80 that it 
biseots a ohord whioh is not a diameter is ••* to 
the ohord. 

~.	 its interoepted 
arc 25. An insoribed angle equals numerioally ***1 

.;;,.S.::u~Pl'o:.;l;;;.e:..;;m;.;.;e~n;.;;t.:.;ary;..L. 261	 The opposite angles of an insoribed quadrilateral 
are ***. 

Base times
 
altitude
 

Similar 281 If an aoute angle of one right triangle is equal to 
.;;;",;;~;;;...------- an aoute engle of another right triangle, the two 

triangles are •••• 

Similar 29. If two polygons are mutually equiangular 8,:nd their 
~-~~~------------ oorresponding aides are proportional, the polygons 

are ***. 

Chord 30. A straight line joining any two pointo on a oirole 
~~~------------- is oalled a (an) •••• 
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PART II
 

DIRECTIONS I Work eaoh of' the following problema and write the en S'W9r on the 
line at the left of the probl~. 

16 

7	 2. A side of a rhombus 1s 5; its diagonals are 7--_.----_..~~.----­ and 10. Find an altitude. 

6 

8	 Find the third proportional to 2 and 6. 

8/5 • 9/x 

20/30 .0E.. 2L~ . ... _ 6.	 If two corre sponding sides of two similar
 
pOlyg0118 are 20 and 30, 'What is the ra.tio
 
of' their perimeters?
 

_.;;;1.;.5_f'_t....... . 7.	 How high is a. tree, that casts a. sha.dow 25 
feet long, if' a 3-f'oot vertioal post caats 
a. shadow 5 feet long at the same time? 

12	 8. The hypotenuse of a right triangle is 25 and 
one let is 20. Find the altitude upon the 
hypotenuse. 

5.65, 5.6, 5...!.~,u~. 

15.57, 15.5, 15.6, ~J3f: 10.	 Find the a.rea of an equilateral triangle if 
the side is 6. 

In an isosceles triangle rind the a.rea. if a. 
leg is 7 and the altitude is 4. 

The angles of an insoribed trie.ngle are 500 
, 

60°, and 70°, The biseotors of the angles 
meet the eirole at X, 'Y, a.nd Z. Find the 
angles of the triangle XYZ. 

-----13. If' two tangents are drawn from a point P to a 
oirole, find the interoepted arcs When angle 
P formed by tha tangents is 50°. 

How many degrees are there in the angles of a.n 
insoribed triangle if the arca Bubtended by 
the sides for.m the ratio 4:6t8. 

_•• _.__12 .__• 16" FroIn an externa.l point a seoant and a tangent 
h 

are drawn to a o1.ro19+ If the tangen-b is 8 8lId 
the seoant is 16, what is the internal se~lent? 
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PART XIX
 

DIRECTIONS & In eaoh of the following problems s~dy the figure and the 
stat~ents 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'.1t NeJCt find the 
reason for eaoh step of YOUI' proof in the ItL:t at 01' Reason sit 0:0 the opposite 
page, and write its number in the parenthesis following the step. There 
should be as many steps in a oorreot proof as therfiJ are lines left i'or them. 

c 
GIVEN:	 A ABC is is080eles; 

D and E	 are mid-points 
of AC and BC respeotively. 

TO PROVE: A ABD ~ .A ABE 

p..~-----..;:::a6 

Proof	 Reasons 

1 .AD = .A.B	 1 • ( 2) • 

2. L CAB • L EBA	 2. (10) 

3. AD. BE	 3. ( 5) 

4.AABD~ D. ABE	 4. ( 8) 

GIVEN:	 Two interseoting 
oiroles, 0 and 0'; BO and 
BD are tangent at B; AB 
is a oommon chord. 

TO PROVE: A ABC -- AABD 

5. /, CHA is meas. by i AEB 5. (19) 

6. LOis meas. by t AEB 6. (18) 

7. L CHA • LD	 7. ( 3) 

8. /. ABD is mens. by ~ BFA. 8. (19) 

9. !. C is meas. by i :en 9. (18) 

10. L c • L ABD 10. ( 3) 

11. 44 ABC..-'\.- tJABD 11. (11) 
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& MfihiMM_.'..... ; 

It----------~ GIVEN~ ABCD is a parallelogram. 

LIST OF REASONS 

1.	 Hypothesis (given) 

2.	 Ident i cal 

3.	 A quantity may be substituted ~or its equal in any process. 

4.	 If equals are added to equals, the sums are equal. 

5.	 Halves of equals are equal. 

6.	 Corresponding parts of congruent triangles are equal. 

7.	 Two triangles are congruent if two angles and the inoluded side of one 
are equal respectively to two angles and the inoluded side of the other. 

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

9.	 Two triangles are congruent if three sides of one are equal respec­

tively to three sides of the other.
 

10.	 The base angles of an isosoeles triangle are equal. 

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

12.	 Two triangles are similar if their oorresponding sides are proportional. 

13.	 The opposite angles of a parallelogram are equal. 

14.	 The opposite sides of a parallelogram are equal. 

12.	 AD:: BC 

13.	 I, ADF :: L GOD 

14. LADB • LGBC
 

15.	 A ADF~ ~GC.B 

16. AF • GO 

AF bi sects /).. 
GO bisects ZC 

TO PROVE~ AF: GO 

12.	 (14) 

13.	 ( 5) 

14.	 (22) 

15.	 ( 7) 

16.	 ( 6) 
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15.	 The opposite sides of a parallelogrttm are parallel. 

16.	 The diagonals of a parallelogram bisect eaoh other. 

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

18.	 An insoribed angle is measured by one-half its interoepted arc. 

19.	 An angle formed by a tangent and a ohord equals one-half its inter­
oepted arc. 

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

21.	 If two parallel lines are cut by a transversal the exterior-interior 
(oorresponding) angles are equal. 

22.	 If two parallel lines are out by a transversal the alternate-interior 
angles are equal. 

PART IV 

DIRECTIONS 2 In these exercises, you are to make oertain formal oon struotions. 
Compass and straight edge alone are to be used. All neoessary oonstruotion 
lines should appear in the oompleted rigure. 

1.	 Construot an equilateral triangle in 
which eaoh side is equal to s. 

s 

..-- .. 
~~~,;/" \', 

~'" 

" I / , 
I \ 

J , 
/ ,

.!;;/ \$ 
I \ 

/	 \ 

/ 
I	 \ 

\ 
I	 , I

'f' ~-- ----..,~-- -- -------------l ~- --­
I .", ,
I .::", , 
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2.	 \?onstruot tl;$''''~hr~a;,.altitudes of 

\triang~e ABC. I ----,.-_ , - .. ~ ;' / /1 .... 
\ )".... CI "r.l.. ,.... / I 

~ 
.~ 

----,...,,:::.. '..,., , \ , '.... \ 
, /1'\

)1, \ 
J' I " 

J'J I " \" ...., 
,	 ". I "~I---- \ j..., ..... 

----\" j 'J' t ' ... 
,-----_, ~ I	 " 
\.. I'A,	 "', 

.... 11 I ), 
'\ I I' ... B' ... ~ ~ 

I '...	 I 
.. I 

........... """ " I
 
,. \ " 

constPU~ a oircle oiroumsoribed about 
/. ,


the .~trJ.angla ABC. 

,, B .".,.,.">-'C: - 7~", 
... - ,.' ...1' .......,


...., t"	 ... I I I	 ' '\,, ... "\' ... 
;' , ' ­ ,/	 " 

, I , 
\	 ~, \ 

I \ 

I•	 •, 
I	 I 

Io.1-----------1f--l-------=-;'c." ~ ,	 / 
\ I I 

, I ;' 

'" I ... " 
'\. I ;	 ...,.... --.~-~ 

\ , J' 
, 'J' 

4.	 Construot a lin~~ioh is the mean 
proportional be~een lines a and b. 

g.	 b 

~----"''''/r ':-" ",,- .... 
".I ',,", ' I' I ' ...~/ , 

" J'	 ' ...,,, / ..... , , 

/ "	 I' /f\< '.' \
;' I I ' ... \

I I ' \'" ,', \
I I ../I' "\ 
, I ",' , ... I, /, ,r, " I 

~	 '" -J - .,... _.,. - - -J __ - -- ..),.., 

, \~;l" ' I : b , 
, , I 
\ I I,	 ,, 

" , I I 
/>. 

.I ' ... .... ...

'" ... 
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5.	 Construct a. rectangle with the ba.se 
a and the diagonal d. 

0.. 

d 

...,,'" 
I ~_ ' /
 

I------~-----~
 
I I" " 
: ,./ I'
 
I ~ '" I
l"ltt' I
 
I ~ --"'~'.... ~
 

... I, .. ' \ - .... -1-­
''V,. i>" I I: 
7'!'"- "I 1 
I'	 I \ ,". I
 

I ' "", I
 
I ... \ I , I"" '. \ ,

-~ .1~_-_,'_: l _ 
,	 , f.:t. I 

6.	 Find all the pd1DtS equidistant from 
two parallel lines AB end CD, and 
at a given distanoa d from a given 
poin'li E. 

,E. 
I, { 

I I 
{ 

I 



CHAPTER II 

VALIDITY OF THE TES'I'AND CRITERIA EMPLOYED 

One of the most important single facts about a test 1S the degree 

of' validity which it possesses. Validity has been variously defined 

aSt the degree to which a teat measures what it is intended to measure; 

the general worthwhilen6sB of aJ.1 examination; and, in general, the degree 

to vmioh a test parallels the ourriculum and good teaching practice. 

The oriteria utilized in the val idation of the tests of this study 

include the followingt 

1.	 An analysis of' the content of a number of plane geomotry 

textbooks 

2.	 An analysis of the report of the recommendations of' the 

National Committee on Mathematios Requir~ents 

3.	 An analysis of the reqUirements of the College Entrance 

Examination Board 

4. AD	 analysis of the Kansas Course of' Study 

5.	 The judgment of oompetent persons examining and using the 

texts 

Analysis of Textbooks 

For the purpose of determining the textbook oontent, a study of' six 
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leading texts in plane geometry \~S made_ The texts* ware the following: 

S"brader and Rhoa.ds; ~~ Geomot:L;.l.; Sylee s and Comstock, Plana GeoIl!,B.!:..r.x; 

Avery, Plan~ Geometr;v Seymour, Pla,n,2. ~met!.l.; Wells and Hart, ¥.odern 

~~ane ?eo~~tr][; and Clark-Otis, Modern Plane Geometrl_ 

In the study made of these textbooks i-b was found that, in general, 

the books contain the following divisions: introduction, reotilinear 

figures, circles, areas and proportions, similar polygons and proportional 

magnitudes, regular polygons, constructions, and 100i. 

A check was made to discover to what extent eaoh it~ of the test is 

used in the six geometry books that were analyzed. It was tound that 

twenty-eight of the thirty-three it~s in Part I, Form A, were usod in the 

six books; three items were used in five books; and fu~ items, in four 

books. In Part I, Form B, there were tmm-cy-seven of the thirty-three 

it~s in five books, two items in four books, and three items in three 

books. 

Of the thirty items in Part I of Test II; For.m A; twenty-six were 

II< William W. Strader and La:wrel'lce D. Rhoads, Plane, G.~:net!l' Joh!1 
C. Winston Co., Chicago. 1927. 399 pages. 

Mabel Sykes and Clarence E. Comstock, Plan~ ~eometrl~ Rand McNally 
& Co., Chicago. 1923. 322 pages. 

Royal A. Avory, Plane £!.o,El..?~!.l' Allyn and Bacon, Boston. 1925.
 
319 pages.
 

F. Eugene Seymour, Plane Geometry, Americwn Book Company, New York• 
. 1925. 333 pages. -, . ., 

Webster Wells and Vial tar ·W. Hart, Moq,ern ~~ Geometrx., D. C.
 
Heath arld Company, Boston. 1926. 322 pages.*
 

John R. Clark and Ar-bhur s. otis, If,odern Plane g.eo~e.t!1.' V!or1d
 
Book Company, Chicago. 1927. 325 pages.
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found in all six books; threo, in five books; and one, in three books. 

Twent~four of the items of Test II, Form B, appear in all six books; 

four items appear in five books; and tvro items appear in four books. 

The types of problems, proofs, and constructions used in the other 

parts of the tests were round 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 measur­

ing achievement in plane geometry. Moreover~ the test should be equally 

valuable regardless of the textbook or textbooks used by any school. 

Courses of Study and Accepted Requirements 

The validity of the tests is insured not merely by the experimental 

usage, textbooks, and detailed statistical analysis to which thevariouB 

forms were subjected but also by the fact that the tests were based on 

the Kansas Course of Study. The Kansas Course of Study was used as a 

basis for selecting the items beoause the testa were being used chiefly 

in Kansas and because the writer had taught geometry l'or eleven years in 

Kansa.s. 

The test was also checked as to content and ternlinology against the 

reoommendations of the National Committee on l~thamatics and the require­

ments of the College Entranoe Examination Board. Since tho content and 

terminology of the test are the same as those reconnnended by the National 

Conunittee and the College Entrance Eltamination noard~ the conclusion seems 

justified that the test is adaptable no·b only to the schools of Kansas but 

also to the schools of other stutes. The conolusion is further vro.rrnnted 
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by the faot that the Kansas textbook gives special emphasis 'bo the points 

included in the reconunondo:bions of the National Committee on MathematicB 

and the rEl~uirements of the College Entra.nce Examina'bion Board; lU1d the 

test was based chiefly on the Kansas text. 

It is believed that the tes'!; as e. whole '\'1111 oommend itself to teachers 

and students because of its thoroughness. 

Judgment of Competent Persons 

While the tests were being constructed, they were subjected to the 

criticisms of competent teachers, supervisors. and specialists in test 

construction. Many valuable suggestions were utilized. Atter the pre· 

liminary for.ms of the tests had been administered, additional criticisms 

were available. These were likevdse made use of in making the tests more 

valid and valuable in struments 1'or 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 Committee of Mathematics; the 

requirements of the College Entrrolce Examination Board; and the Kansas 

state Course of Study. It was subjected to the criticisms of teachers 

aDd supervisors of mathematics and of test construction speoialists. 

Since the content of the test is in agreement with these repu'l;;able ori· 

taria, a high degree of validity has been assured. 



CHAPTER III 

RELIABILITY OF THE TEST 

Meaning 

The second important quality in a standardizod test is its reli­

ability. Reliability refers to: 

1.	 The degree to which a device measures consistently vnlatever 

it does measures 

2. The degree of accuraoy of measure.ment 

3. The amount of confidenoe that may be placed in the score 

on a test as a measure of some ability of a pupil 

Ii' a test is valid, it is oonsidered to be reliable; but a relia ole test 

does not neoessarily possess high validi~y. 

Obj eotivity 

The principal means of guaranteeing reliability in a test is by 

objectivity of Bearing or evaluating and by the charaoter of extent of 

sampling included in the test items. vYhen these factors are adequately 

Controlled in test construction, the consistenoy with Which the test 

measures the oapacity of those taking it may 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 muoh more objectively 

given for geometry than for intangible subjects suoh as English and his­

tory. Staroh* secured 115 teachers of high school mathematios to grade 

III Daniel C. Starch !llld Edward C. Elliott, IIRe1iability of Grading 
Work in Matheme.:bics," Sohool Raviev:. Vol. XXI, April 1913. pp. 254-59. 
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-che same geometry paper. The marlea assigned to this pap er ranged from 

28% to 95%. Thus it was olearly demonstrated that the ordinary exam­

~nation is highly subjeotive, even in as ooncrete a subjeot as mathe­

xnatios. Such examinations possess very little reliability beoause of 

-the subjeotive elemel1t in scoring. 

It is believed that the tests of this study measure the pupil's 

ability and that the scores are unadulterated by factors whioh represent 

-che psyohologioal reactions of the teaoher. This is true because the 

~tem5 are thoroughly objective and the scoring is done by means of a care­

fully prepnred l objective scoring key. In the second plaoe 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 

1Will be the analysis of the knOWledge of the pupils tested. The longer 

-the test, the greater will be the reliability. 

Since the tests consist of completion questions oovering definitions 

and theorems, numerical problems, proof problems, and constructions, the 

student is given a sampling of practically all types of ~rk oovered in 

geometry. The construction problems are weighted five points each, as 

it takes longer to make a oonstruction 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 wero built to be given in a 40-minute olass 

period beoause most high school olasses are from 40 to 60 minutes in 

J.ength. By ha.ving items v.hich 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 a test of 'bhis type tho student perhaps will 
• 
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do first "bhe part of work he likes best or the part on 'Whioh he feels 

himself to be most profioient. Later he will return to the other parts. 

This is espeoially notioeable on the papers of the sloiwr students 'Who 

omitted some of the questions. In this manner eaoh will be able to make 

a showing in proportion to his knowledge or ability. 

For eaoh part of the test instructions ivhich tell the pupils in 

simple language what they are "bo do are furnished; examples are given 

~len a new type of test item is employed. Suoh a method of furnishing 

direotions insures further that all pupils have a fair ohanoe to make a 

oreditable showing aocording to their ability and tends to provide greater 

reliability for the instrument of measurement. 

Reliability Coefficients 

The reliability of a test is usually determined by finding the 

oorrelation between scores of the same students on the different for.ms 

of the test. The coefficient thus obtained When applied to a test is 

kno'm as its reliability coefficient. 

For determining the reliabilit~ of the tests of this study various 

correlations were made. The coefficients of reliabilit~ obtained are 

shown in Table III. It will be observed that bet,veen Forms A and B of 

Test I a reliability coefficient of .71 1: .012 was obtained. Between 

For.ms A and B of Test II, the coeffioient obtained was .73 :t .014. All 

of the correlations computed for this study were worked by the Pearson 

Product-Moment Method by the use of the otis Correlation Chart. 

To determine the coefficients of' reliability of each terrb individ­

ually, self-oorrelations were determined for Test I, Parts ! and 5 
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against Parts 2, 3, and 4J and for Test II, Pa~ts 1 and :; against Parts 

2 and 4. The ooeffioients obtained by these oombinE\.tiollS we:r-e 11 stepped 

up" by the uae of the Brovm-SpearmH.n formula. The ooeffioients obtained 

are also shown in Table III. 

TABLE III
 

RELIABILITY COEFFICIENTS OF THE TESTS
 

:: 

Reliability ooefficients Number of oases 

Test I 
Form A; Form B 

Test II 
Form Ai Form B 

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

Test II 
Form A,Parts 1,3;2,4· 
Form B,Parts 1,3;2,4 

Average 

.71 ~ .012 

.73 + .014 

.70 ± .028 

.75 ±. .024 

.71 ~ .026 

.78 :!:. .027 

.74 + .034 

506 

526 

300 
300 

300 
300 

300 

Read table thus: The reliability coefficient betvreen For:m A and 
Form B of Test 1 is .71 i~th a probable error of~.012. There i~re 506 
cases. 

It will be noted that the average of the six coefficients of reli ­

ability computed is .74 ~ ,034. 

The significance of a reliability ooefficient is some~hat debatable; 

however, the following statement may be generally aooepted: 
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A reliability coeffioient ranging from 

.95 to .99 is seldom attained in standard 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 OIl the marko'b;

.69 and below is no'b satisfactory for individual 
measurament. 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 make them valuable instruments for measuring class and 

individual attainment. 

Quartile Consistency 

In addition 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 was based on 100 papers" seleoted at random, but 

including; some from eaoh school. It was found that 3l~b ranked in "bhe 

same quartile "bhree times and deviated by only one quartile the fourth 

time; 14% ranked in the same quartile twioe and in the qua.rtile irrnne­

diately above or immediately belowtvdce; 27% ranked in three quar"biles 

but did not deviate by more than two quartilesj and 2% ranked in all four 

of the quartiles. 

Sinoe the majority of students ranked in the same quartile or de­

viated from perfeot consistency by only one quartile, it must be con­

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

* Henry Lester Smith and Wendell William Wrivht: Tes"b and Meas­
urements. Silvor" Burdett and Compe.'ny, Chica~o, 1928. """i?7'-:3~-
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also tha'b they are valid ins-brumonts :t'or predioting f1.1"bu:t:'o suooess in 

the field of plane geometry. 

SUll1mary 

Because the tests of this study are thoroughly objective and are 

unadultera.ted 'by faotors ,mich represent the psychological reactions of 

the teacher, they measure the pupils ability and attainment in geometry. 

Because they 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 make a creditable showing aocording to their ability and 

tend to provide a.high reliability of measurement. 

The reliability coefficients are sufficiently high 'bo make the 

tests valuable instruments 1'or measuring class and individual attain­

ment. 

Since the majorit;y of studen'bs ranked in the same quartile or de­

viated from perfect COll sis'!::.anoy by only Ol1e quartile, it is believed the 

tests possess a high degree of reliability. 
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CHAPTER IV 

AJlT ANALYSIS OF Sl'UDENT RESPONSES ON nm VAIUOUH TES'!' ITEMS 

An analysis of the students I 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 means~ of course~ that the 

items were not equal in difficulty. An error study of approximately 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 v~s 

answered correctly on all the papers. 

The number of items that were incorrectly ansvrored 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 and 4~ were incorr~ctly 

answered or omitted by 4% or less, while questions 12 and 19 were incor­

rectly answered or omitted by 75% to 79%. On Form B of the swne test, one 

item, number 5, was incorrectly answered or omitted by 4% or less; and ques­

tion 25 was answered incorrectly or omitted by 90% to 94%. No item was in­

correctly answered or omitted by more than 94% on Test I and 95.8% on Teat II. 

This diversi~y tends to show -chat the test is valid because, since 

none of the questions is answered correctly or incorrectly by all, it is 

evident that the test differentiates among students at both ends of the 

distributiollS. 

A check on the various oohunns of ~'ablo IV ravoe.le: that on Parts I 

and II of Test I e. larger proporUon of items was answered incorrectly 

by B. small percentage of studen-I;s than was the case on Parts III, rv, a.nd 

V. In other words, thero vms f1 hir:;her degree of eff'1.ciGllcy on the parts 
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Percent 

0-4 
5- 9 

10-14 
15-19 
20-24 

25-29 
30-34 
35-39 
40-44­
45-49 

50-54 
55-59 
60-64 
65-69 
70-74 

75-79 
80-84 
85-89 
90-94 
95-99 

.. ­
Part I 

1,2,7,18 
13,26 
5,21 
3,10,20,33 

23,28 
6,11,14,16 
22 
4,9,15,29,30 
19,24,31 

25 

8,27 
32 

12,17 

TABLE IV 

FREX:l,UENCY OF INCORRECT AIm OMITTED ITIDIS
 
OF TES T I, FORM A
 

- . 
Items answered incorrectly and omitted 

Pa.rt II 

2,4 

Part III 
statements 

-­ -­-­ -­ -­
9 -­ -­
1,5,10 -­ -­
3 -­ 2 

7 6,7 3 
6 1 10 
-­ -­ -­-­ -­ 4 

-­ 9 5,6,12 

-­ 4 1,9 

-­ 2,3,5,8 7 

-­ -­ 8 

-­ -­ -­
8 -­ 11,13,15 

-­ -­ -­-­ -­ 16 
-­ -­ -­-­ -­ -­
-­ -­ 14 

- . 

Part IV 
Rea.sons 

2 

3 
10 

4,6,12 

5 
1,7,9 
8 

11 

13,15,16 
17 

14 

Part V 

-

3 

2 

1,4 
6 

5 

Read table thus: In Part II, two items were missed by less tha.n 5%. These items were numbered 
2 a.nd 4. 

~ 
co 
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TABLE V 

FR~UENCY OF INCORRECT AND 01la"ITTED ITEMS 
OF TEST I~ FORM B 

_.­
-

Part V 

-

1 
3 

2 

6 

4~5 

-

. 
Percent Items ansWBred incorrectly and omitted 

Part I Part II Part III Part IV 
Statements 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 
30-34 4,24 8 3,6 11 4 
35-39 11,15,22,30 6 4 13 13 
40-44 12,31 -- I -- --
45-49 32,33 -- - 17 --
50-54 14 -- -- -- --
55-59 23,27 9 8 8,9,10~12 9.. 12 
60-64 16 -- 7,9 16 8,17 
65-69 -- -- -- 6~14 10~14,16 

70-74- -- -- 5 15 6 

75-79 29 - -- -- 15 
80-84 -- -- -- -- --
85-89 -- -- -- -- --
90-94- 25 -- -- -- --

Read table thus: In Pa.rt II, one item was missed by lass than 5%. That item "WaS number 5. 

~ o 



TABLE VI 

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

Read table thus: In part I, one item was missed by less than 5%. That item was nuriber 13. 

Percent Items answered incorrectly and omitted 
Part I Part II Part III Part TV 

Statements Reasons 

0-4 13 - -­ -­ -­
5- 9 1,30 3 -­ -­ -­

10-14 20,22,27 1,5 4 4 1 
15-19 4,7,11,21 .­ 1 1 -­
20-24 2,6,9,16,19 .. 28 -­ -­ -­ -­
25-29 5,8,15 6,7 3 3 -­
30-34 10,25 - - -­ 2 
35-39 -­ 4 -­ -­ 4­
40-44 14 -­ 2 -­ -
45-49 18,24,,26 - 6,10 2,6 -
50-54 3,12 - 15 -­ -
55-59 17 -­ 5 5 -
50-64 23,29 - 13 10 -­
55-69 - -­ 9 15 -
70-74 ~ 2,9 7,8 .. 12,14 7,8,9,13 -­-

75-79 - 14,15 -­ 12 3 

80-84 - 12.. 13 -­ -­ 5 
85-89 -­ 8 11 11 6 

90-94 -­ 10.11 -­ 14 -­
- -­

IP'> 
I-' 



TABLE vn 

~UEl~CY OF INCORRECT AJ."'ID OMITTED ITEMS 
OF TEST II, FOID.4: B 

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

Statements Reasons 

0- 4 -­ -­ -­ -­ -­
5- 9 

10-14 
15,,24,25 
1,5,,7,16,30 

-­
1,3,5 

-­
4 

-­
1 

I -­
15-19 2,8,,9,11,20,21,27,29 -­ -­ -­ -­
20-24 12,28 -­ I - :3 

25-29 3,10,14 6 2,3 2,4 -­
30-34 
35-39 

4,17,19 
-

7 - -­
16 

-­-­ -­
2 

40-44 
45-49 

22 
6 

-­
4,IS 

12 -­ 3 
16 

--­
SO-54 -­ -­ -­ 12 -­
55-59 23 -­ 15 -­ 4 
60-64 -­ -­ 13 -­ -­
65-69 13 8,14 11,14 13,15 -
70-74 26 -­ -­ 14 5 

75-79 
80-84 
85-89 
90-94 

18 

-­- . -

2,9,10 

-­
12,13 

-­
-­
6,9 

-
5,7,8,10 

-­
11 
6,9 
5,7,8,10 

6 -­-­-­
95-99 -­ II -­ -­ -

-J. 

~ o 
-.l. 
-0 

,.. 
" "' 

...
 , , 
" ", 

I ... ~ 

- ~ ~ 

. " 
~~... ~"" 

J •• .:> 

.II • ./l- .. 

-".. ' -. 
.. :Is·.... 

1;_ 

~ ... 
>: ;; 

~ $" 

; ~ ~ 

Read table thus; In Part I, no item 'WaS missed by less than 5%. In Part I, three items were 
missed by between 5% and 9%. The items are 15, 24, and 25 0 ~ 

N 
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standing at the beginning of ·bhe test than on those appe~,ring nee.t"er the 

end of the test. 

Two reasons for this suggest themselves. First, the students may 

have actually beell better prepared to answel" the items of these pal"i;s. 

If this is true teachers should perhaps plaoe greater stress on oon"bent 

such as is included in the later parts. Secondly, the students may have 

answered the earlier items more consistently and, on finding themselves 

limited in time, they selected such items only of the later parts with 

whioh they felt themselves thoroughly conversant. This at least would 

account for the omitted items. Because of the pl"essure of time they may 

also have made more erl·ors on the later pa.rts than would otherwise have 

been the oase. 

Similar facts may be noted from Tables V, VI, and VII in regard to 

the other tests. As a rule, a higher degree of efficienoy prevailed on 

the pa.rts appearing near the beginning of the teats than on those appear­

ing la.ter. 

Correct and 1nool"reot Responses 

One of the most interesting parts of this stUdy was that of tab­

ulating the incorrect responses used throughout the tests. These data 

are ta.bulated in Tables VIII to XI inclusive. 

In reading the following tables the itqm number is given first; this 

is followed by the oorrect response; ·l;l1e peroent u.sing the oorrect re... 

sponse; the number of differont inoorreot responses give~; and the incor­

reo·b l"eaponses given by 5~~ or morEl of ·bha students. Below each seotion 

of the tables is listed the va.rious addHiollal incorreot responses which 

were made to each Hem. 



44 

These inoorreot responses illustrate one of the main val~es of the 

tes·b, that of diagnosing pupils' errors. ~'he teaoher oan easily utilize 

the findings in diagnostio and remedial work. 

It will be observed i'rom these tables that for most items a large 

number of different inoorreot responses were made. For example for item 

number 31 of Test I, Form A, fifty-three dii'i'erent inoorrect responses 

were found. For item number 29 of Test I, Form A, the inoorroot items 

numbered forty-eight. It vii 11 be noted that in some in stances the re­

sponses were closely related to the correct answers, but in many cases 

they reveal clearly that the student was greatly deficient in specific 

knowledge and in ability to ana.lyze clearly the probl~ before him. 

For example, in the statement, l''!he biseo.tor of t\'fO complementary 

adjaoent angles forms an angle of!§. degree s., II 25% of the students 

used the response, "90" degrees. This would have been a correot re­

sponse had the item read "two supplementa.ry angles. II Of oourse the stu­

dent oonfused the two words, "complementary" and" supplementary. It This 

confusion can be oorreoted perhaps by drill on definitions and their 

applioations. 

Twenty-six per oent of the group used the "l"rord "central angle tl in 

answering the following;: IIA figure bounded by two ra.dii EU"ld their inter­

cepted arc is oalled a a,eotor. tl ConfUsing the word s ratic and proportioD, 

27t!o used "proportion'! when a.nswerirlg 11r;r:he relation of' one number to an­

o·bhor is oalled a ratio .. II In these cases the confusion betvreen the two 

terms might be eliminated by a olear explanation of the words and some 

pra.otice on their use. 
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In the statoment, "The oppoaite oo1g1es of e.n insoribed qua.dri1~'bM 

6ro.l arc supplem~.x,u 63% used the Vlord "equal." The teachor could 

help the student to see the absurdity 01' such a. responso by having him 

cut out several di£'fer~mt insoribed qua.drilaterals a:nd place the opposite 

angles together. VVhen the student sees his error he is more likely to 

avoid the ~rong anSWBr. 

I~ is unfortunate that it was not possible in this study to oonsult 

all the pupils to whom the tests were finally given. Suoh a procedure 

would have enlisted their help in discovering the main causes of their 

diffioulty wi. th certain problems. 'Work of this kind must be lett to the 

classroom teacher, who can and must direct his o~n r~edial ~~rk to those 

e:x:amples and problems mos'b oftall missed, extending the disoussion to the 

less troublesome points as far as time permita. 

An analysis of the results from these teats lea.ds to the suggestion 

tha.t geometry teachers should give greator attention to the fundron.entals 

in the subj ect and that they should require a greater mastery of these 

fundamentals. Similar studies to those reported above should be made by 

each teaoher in order to determine the degree of teaching effioienoy, a.s 

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

CORRECT AND INCORRECT RESPONSES TEST I~ FORM A
 

. . 

Item Oorreot rasponse 
% 

oorreot 
response 

Number of 
different 
inoorreot 
responses* 

Inoorreot responses 
made by 5% or more 
of the student s 

re~on~::=J:::~ .Part I 

1 
2 
3 

4 
5 
6 

right angle 
aoute angle 
supplementary 

angles 
corollary 
equal 
soalene 

92 
93 

80 
61 
84 
66 

---­

16 
10 

10 
18 
12 
19 

right angle 
oonverse 

isosoeles 

9 
10 

11 

- ..ali ...._ 

* The following are the inoorrect responses made by leS5 than 5% ot the 
students. For most of' the answers the spelling has been oorreoted. For 
some of the responses, howaver, it was impossible to determine what ~rd 

the student intended to use, or the word was so badly misspelled that it 
could not be credited. Suoh answers are listed below as given by the 
student and are placed in quotation marks. 

Item 1. Right triangle, vertical, adjaoent angle, parallelogrwm, 90° 
angle, bisector, perpendioular, straight angle, oomplementary angles, 
straight line, triangle, secant, radii, square, same plane and equi­
lateral. 

Itam 2. Oomplementary angle, obtuse angle, zero angle, reflex angle, 
right angle, adjaoent angles, straight angle, 90° angle, and 460 angle. 

Item 3. Complementary, supplements, triangle", obtuse angle, straight 
angle, adjaoent angle, vertioa1 angle, equal adjacent supplementary and 
equal adjaoent angles. 

Item 4. Postulate, axiom, proof, taot, proposition, hypothesis, oon­
elusion, theor~, tool, followaup, seoond proot~ segment, statement, 
principal, "aOBsnt,1l "capolliary,ll and given. 

Item 6. Biseoted, 45°, complementary angles, 90°, Bupploonentary angles, 
adjacent angles, scalene, 180°, right, biseotors, and unequal. 

Item 6. Obtuse triangle, rhombus, equilateral, aoute triangle, irreg­
ular triangle, hypotenuse, scales 'brio.ngle, regqlar triangle, zero, 
triangle, trapezoid, right triang1e~ polygon, q,uadrilateral, straight 
angle, seoant, unequal, and equiangular. 
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TABLE VIII (continued)
 

CORRECT AND INCORRECT RESPONSES TEST I, FORM !
 

::=:= :: -
I-eem Corr~ot 

7 
6 equal 
9 

10 median 
11 
12 

response, 

% 
hypotenuse 

36 
transversal 5 

5 
9 

perimeter 5 
mutually
 

equiangular
 11 
5 
6 

42 

.. I. - . -Number of Inoorroot responses
% ditf'eren-e made 'by 5% or more 

oorrect inoorrect of the students 
response responses* 

response 

96 9 
35 19 congruent 
63 cOllOurrent lines 

biseotor 
80 22 aliJitude 
67 26 side 

21 19 li'qual 
similar 
equiangular 
congruent 

. 

Item 7. Base, vertioa, equal side, legs, 8uppl~ent, aoute, third 
angle, adjaoen-e, and altitude. 

Item 8. Not equal to lSOo, coinoiden'c, ray, straight angles, adjacent, 
complementary, similar, exactly alike, interseot, perpendioular. parallel, 
concurrent, corresponding, supplementary, diagonal, vertioal angles, 
polygons, and non-parallel. 

I-eem 9. Segment, perpendicular, line bisli'ctor, diagonal, tangent, 
line segment, bisect, triangle, secant, parallelogram, parallel, tri ­
sector, perpendioular biseotor, seoant, vertex, ohord, median, mid­
point, helping line, rectangle, and perpendioular line. 

Item 10. perpendioular biseotor of' the side, bisector, radii, angle 
bisector, oommon vertex, altitude, perpendicular, perpendioular biseo­
tor, base angle, "medicator, II diagonal, radius, hypotenuse, dia­
meter, dimensions, vertex, and helping line. 

Item 11. Diameter, diagonal, base, arcs, segment, oiroumterenoe, 
axiom, arm, chord, angle, altitude, transversnl, area, boundary, sup­
plements, hypotenuse, exterior angles, perimeter, radius, legs, length, 
straight line, shape, distance and degrees. 

Item 12. Mutually, coinoide, regular, identioal, proportionally, 
oorresponding, similar, equal numerioally, alike, oonourrent, regular 
polygons, equal in the swme order, perpendioular, oomplementary, and 
mutually equal. 
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TABLE VIII (COlltirmod) 

COHRFJCT AND INCORRECT RESPONSES TEST I, POntA A 

:::::..::::.:::...:::::_::::..::;:-"::::-=:::._:::.=-:..::-:-=:•.•:::.:;;:::--=.=.="::='-::::-::-----_._...-..----­• -- .... Nuin..".b-;-:r--~or.,,;.· =- -ft<)O-~eotr;;o~;;;;i-

Corroct response
Ii 

Item 

--10·--------------­
13 90° 
14 equal or 

supplementary 
15 (n - 2 ) 180° 
16 bisector 

.. 
17 surface or plane 

Item 13. Aoute, 30 , 45 

% 
oorreot 
response 

..._._.--._--,

88 

67 
58 
66 

23 

different 
incorrect 
responaes* 

14 

24 
34 
16 

37 

made by 5% or more 
of the students 

n - 2(180°) 
perpendicular 

bisector 
vertex 
angle 
line 
oirole 

0 

6 

6 
11 

6 
7 
8 

, complgmenta.ry, supplementary, 180 6 aqua.! 
obtuse angle, adje.cont angle, 95 , les8 than 90°, 2 to I, 135 and 
360°. . 

Item 14. Exterior-interior, "ogteoen,11 parallel, parallelogrf)Jll, 
right, similar, a.djacent, 90°, straight angles, oongruent, complimen­
tary, concurroDt, corresponding, perpendicular, interior, a1ternate­
interior angles, rhombus, isosceles, equiangular, interior anglos, 
equal, squares, opposite angles, and perpendiCUlar bisector. 

Item 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) lBO, (n - 2), n - 180, 
n-Z/n (180), 2(180 - n), 3n, 180 - n. n+180, n angles, n-gon, n 180-360, 
n-180/2, 90/n, n/2, n - s straight angles, 2 -t n, n - 360, 90 - n, (n-2) 
360, n/2 (180). 

Item 16. Line, center, opposite, sides, hypotenuse, straight, altitude. 
base, bisector; mid-point, perpendicUla.r, "ortho-center ~ II ri§")1t, and 
extremities. 

nom 17. Revolution, solid, point, ray, figure, square, path, polygon; 
transversal, parallel line, straight angle, aro, reflex angle; bisootor, 
straighob line, area, curve, moving point, geometric movem.en1;, 16ngth, 
perimeter, broken line, degree, position, ourrent, a.xiom, postula.te, 
paro.lle10gr~un., line segment, base, quadrilateral or r(:)crtllllg1e, obtul3() 
anglo, radius nnd side. 
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TABLE V!II (continued)
 

CORRElCT AND !NCOIDlECT RESPONSES TEST I, I"OHM A
 

I-bam Corr0ct response 

13 90° 
14 equal or 

supplementary 
15 (n - 2 ) 180° 
16 biseotor 

-- -,-_......-..-._­

67 
58 
66 

17 " surface or plane 23 

-­ ~'''_'-...,--'­

24 
34 
16 

37 

n - 2(180°)
perpendicular 

bisector 
vertex 
angle 
linG 
oirole 

6 

6 
11 

6 
7 
8 

Item 13. Acute, 30 , 45 , complementary, supplementary, 180°, equal 
obtuse angle, adjaoent angle, 95°, less than 90°, 2 to 1, 1350 and 
360°. . 

Item 14. Exterior-interior, Ilogteoen, \I parallel, parallelogram, 
right, similar, adjacent, 90°, straight angles, congruent, complUnen­
tary, concurrent, corresponding, perpendicular, interior, alternate­
interior angles, rhombus, isosceles, equiangUlar, interior angles, 
equal, squares, opposite angles, and perpendicular bisector. 

Item 15. 228°, 180°, 360°, 90°, 41°, 720°, 45°, N, (n-2) 180/n, (n-2) 
140, n-Z/180, 360/n, 180n - 360, (n - 360) 180, (n - 2), n - 180, 
n-2/n (180), 2(180 - n), 3n, 180 - n, n+180, n angles, n-gon, n 180-360, 
n-180/2, gO/n, n/2, n - s straight angles, 2-;- n, n - 360, 90 - n, (n-2) 
360, n/2 (180). 

Item 16. Line, oenter, opposite, sides, hypotenuse, straight, altitude, 
base, biaec'bor, mid-point, perpendicular, "ortho-oenter~II rir)l'b, and 
extremities. 

Item 17. Revolutioll, solidI poin-b, ray, figure, square, path, polygon, 
transversal, parallel line, straight angle, aro, roflex angle, bisootor, 
straigh'b line, area., curvo# moVing point, goometric movement, langth# 
pEldmeter, broken line, degree, position, current, axiom, postull!\te, 
para11elogr~un, lino 8e~ment, base, quadrilateral or reotnnglo, obtuse 
angle, radius and side. 
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TABLE VIII (continued) 

CORRECT AND INCORRECT RESPONSES TEST I. FORM A. 

= 
Number of' Inoorreot responses

% different made by 5% or more
Item Correct response correct incorrect of the student s 

response responses· 
response % 

18 bisect 6 13 
19 450 54 17 2*° 5 

900 25 
20 vetex 78 24 
21 equilateral or 

equiangUlar 83 13 isosceles 8 
22 trapezoid 63 17 paral1elogrmn 15 
23 parallel 73 9 perpendioular 9 

60° 
equal 12 

24 53 28 45° 6 
30° 11 
acute 11 

Item 18. Divide. intercept, cut in half, coinoide, segment, divide 
equally, separate. draw perpendicular, 22io. divide into congruent 
parts, inscribe, 180° and bisector. 

~o ° ° ° 0 0 0 ° ° a ° Ite.m 19. 272 , 60 • 180 • 12 • 360 , 30 • 135 , 45 • 35 • 120 , 60 , 
90° -n. 65°•. 36°. and 15°. 

Item 20. Apex, third, aoute. side, angle bisectors, obtuso, base, 
opposite, high plaoes, right, vertical angles, non-adjacent interior, 
median, hypotenuse. straight or hypotenuse, top, vertice, included, 
900 • adjaoent, common, leg and 300 • 

Item 21. Congruent, equal. regular, quadrilateral. concurrent, sup­
plement, equal, equal distant, right, scalene, a.ou'tie. and equila.teral. 

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

Itam 23. Median, opposite, 1/2, biseotor, oongruent. not equal and 
equidistant. 

Item 24. i~·o, 40°, right, 64°, straight line, 22°, 90°, 66°, eO, 
200. 550, complamentary. 662/3°, 1/60 larger an§le, obtuse angle, 
100. 750, perpendioular, 35°. 60°. 41°, 800 

, 36 , 15°, leas thun a 
right angle, 773/4° and 25°. 
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TABLE VIII (oontinued)
 

OORREOT AND INOORRECT RESPONSES TEST !, FORM A
 

r • I - _.,.::: : 

Item Corre.ot response 

25
 tEC 

26
 1'.1:2° 
27
 11° 
28
 80° 
29
 720° 

30
 18
 
145
31
 

. 
Item 25. 1/8, Be, 1/3BC~ 

% 
oorreot 
response 

48
 

87
 
33
 
73
 
59
 

58
 
52
 

Number of 
different 
inoorreot 
respOl1ses* 

28
 

18
 
36
 
21
 
48
 

40
 
53
 

_....-Inoorreot respoIlses 
l:nade by 6% or more 
of the students 

. 
response % 

EO 6
 
iBC
 5
 

148
 28
 

180
 5
 
360
 11
 
9
 5
 

tively, angle, doubles, 4BC, i, tBY, 2BC, triangle, AY, l~BC, txt, i,
 
XY, 1/16BC and AB/BC.
 

Item 26. 140°, 76°, 52°, 45°, 178°, 162°, 42°, 152°, 172°, 38°, 142°, 
62°, acute, 150°, 19°, 128°, 90° and 13~ 

AD, 2, ~AB, 8, 75°, tAB, ~BC, 1!8BC, reBpeo~ 

Item 27. 
67°, 78°, 
28°, 61°, 
and 96 0 • 

Item 28. 160°, 85°, 90°, 280°, 120°, 40°, 360°, tP, 180°, !Oof right 
angle, 76°, 240°, 100°, oiro1e, 36°, 130°, 60°, 50°, 1/8 100and ~ 

Item 29. 4200 120°, 360°, 90°, 24°, 108°, 900° 1470 72°, 60°, 45°,
 
1440°, 10°, 806

6 51 3/7°, 11 - 2 (180/n), 3600 2b, 1806 724°6 n-2(180),
6
772°, 864°, 240 , 128 4/7°, 540°, 180°- n /2, 3240°, 36 , 270 2160°,
 
6200, 400, 4800, 9600, 520, 4400, 12200, 3200, 3600 (n-2), (6-2) 1800,
 
135°, 140°, 1500, 1600, 1020° and 780°.
 

Itam 30. 16, 80, 7, 9, 160, 100, 22, 5, 12, 14, 10, 8, ootagon, 360,
 
13, 3, 3240, 1612, 15, 113, 6, 20, n polygon, 79, 158, 38, (20-n) 36,
 
10 sides, hexagon, 19, 160 n, (n-2)360, 70, 3 sides, 32, 4 sides,
 
6 sides, and pentadeoagon.
 

Item 31. 105, 80, 135, 335, 120, 65, 150, 55, 8, 148, 100, 25, 45,
 
630, 1060, 126_ 206, 160, 305, 301, 36, 166, 15, 326, 5, 102, 85,
 
108, 95, 350, 116, 38, 1, 795, 226, 330, 90, 120, 245, 506, 165, 125,
 
285, 11, 75, 110, betvmen 21 and 20, betwoen 5 and 31, 142, a8S, 86,
 
130, and 235.
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It«.m 32. 31,~, 18, 7, 15, 2~J 10, 26, 20, 23, 4 1/3, ~, 16ft, 5, 22, 
5 to 31, 9, 59, 13, 16, 21, 12, 149, 135, 148, 17, 118, Between 6 and 31, 
36, l~J 6, 31, Between 5 and 31, 50 and 31, 8, and! third side, 

Item 33. C. ~ A. equals. is less than C, a - B - 0, A, angle,~, 
A e 0, perpendioular, B =C, and is not equal. 

Part II 
Item 1. Complementary, tangent, perpendioular, supplementary angles, 
right angles, equal, coincide, area, vertical angle and aoute angle. 

Item 2. Polygon, secant, in'eerior angle, equal and proof. 

Item 3. Area, complementary, acute, interior angle, supple~entary, 
parallel, obtuse, vertioal angle, perpendicUlar, ohord, tangent and 
isosoeles. 

Ite.m 4. Interior angle, rieht angles, and exterior anglo. 

Item 5. Equal, right angles, acute angles, supplementary, e~erior 
angles, obtuse, oomplementary, vertical angle, aroe., interior anglel':l, 
trapezoid, and isosoeles. 

!te.m 6. Coincide, perpendioular, equal, aoute, right angles, vertioals 
angles, perimeter, trapezoid, tangent, isosoeles, obtuse, exterior angle, 
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TABLE VIII (continued)
 

CORRECT AND INCORRECT RESPONSES TEST I, FORM A
 

.... M 

Item Correot re spon se 

-
aoute7 

8 perpendicular 

9 polygon 

tangent10 

.' . 
% 

oorreot 
response 

73 

26 

87 

83 

Nwnher of 
dif'f'errmt 
inoorreot 
responses* 

11 

14 

7 

12 

Inoorrect responses 
made by 5% or more 
of' the students 

response % 
equa.l 9 
oomplementa.ry 9 
right angles 6 
OOlllp1emontary 9 
equal 30 

ohord 6 
seoant 8 

It~ 7. Right angles, exterior angles, obtuse, isosoeles, supplementary, 
interior angle, parallel, aoute and perpendioular. 

Item 8. Supplementary, acute, area, parallel, obtuse, oirole, exterior 
angle, 180°, polygon, isosceles and vertioal angles. 

Item 9~ Coincide, rhombus, tangent, cirole, interior angle, trapezoid 
isosceles, and area. 

Item 10. Seoant, ohord, perpendicular, ooinoide, oirole, rhombus, 
right angles, perimeter, radii and trapezoid. 
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TABLE IX 

CORRECT AND INCORRECT RESPONSES TEST I, FORM B 

= = 
T 

made by 
of the 

5% 
Item Correct response 

% 
correct 
response 

Number of 
different 
incorrect 
responses* 

iesponse­

, 
Inoorreot responses 

or more 
students 

I % 
Pa.rt I 

1 
2 
3 

4 

5 
6 

7 

adjacent angles 
obtuse angle 
complementary 

theorem 

equal 
isosceles 

triangle 
legs 

83 
85 
85 

68 

93 

94 
80 

13 
7 
9 

15 

8 

5 
16 

-

aoute angle 
supplementa.ry 
aou'be 
corollary 
a.xiom 

perpendicular 

14 
6 
7 
6 

11 

6 

* The following are the incorrect responses made by less than 5% of the 
student 5. For most of the an svrers -bhe 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 credited. Such a.nswers are listed below as given by the 
student smd are placed in quotation marks. 

Item 1. Vertica.l, ba.se angles, supplementary, complementary, equal 
angles, consecutive angle s, straight angles, mid-point, right 6),1 gle 5, 

diagonal, equilateral, included ond mutually equiangular. 

0 

Item 3. Right angle, straight angle, adjacel1'G angles, 45 90 equal 

Item 2. Obtuse" supplementary angle, complementary, 90 , straight end 
rei'lex an glee 

o 0 
, , 

a.Dd complementary. 

Item 4. Postulate, fact, similar, theory, hypo"bhesis, proposi'bion, 
statement, converse, apothem, pri11cipal, positive, giVC;>l1, and conclusion. 

Item 5. Equal and supplementary, 90 and 90, 180, complementary, 90, 
acute" obtuse, adjl'\.cent and equal. 

Item 6. Equilateral" right triangle, parallelogram, obtuse and soalone. 

Item 7. Acute an gles, parallel, a'_ titude, bases, equal, hypothesis, 
cormnon sides, leg; and a.rm, hypotenusEl1"leg, vertices, oomplementary, 
right isosceles triangle, adjacent, sides and arm. 
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TABLE IX (oontinued) 

CORRECT AND INCORRECT RESPONSES TEST 

- . ­ . -......-...
 _lOll" 

I1:iem Correct response 
% 

correot 
response 

83 
94 
74 
62 
58 

8 
9 

10 
11 
12 

oongruent 
parallel lines 
altitude 
diagonal 
congruent 

13 
14 

15 

1800 

equal or 
supp1emen'bary 

360° 

93 

50 
64 

-

Numberof' 
different 
inoorreot 
responses* 

12 
5 

12 
18 
20 

12 

16 
20 

I, FORM B 

. .-Inoorrec"t re sp'on ses 
... 

rne.de by 5% or more 
of tho student 8 

response 

equal 

media.n 

regular 
equal 

right angles 
1BO 
360/11 

-~ 

9 

18 

7 
21 

22 
5 
6-.
 

Item 8. Mutually equal, rhombus, similar, concurrent, ooinoiding, 
oomplementary, unequal, intersecting, current, tangent, and mutua.lly 
aquilatera1. 

Item 9. Identioal, perpendicular lines, non-parallel, rays and con­
current. 

It em 10. Perpendioular, perpendicular biseotor, axiom, biseotor t 

straight, angle bisector, transversa.l, hypotenuse, diagonal, right 
triangle Blld line. 

Item 11. Chord, diameter, transversal, median, mutua.lly equiangular, 
al~itude, adjaoent, bisector, ta.ngent, perpendiou1a.r, vertex, secant, 
hypotenuse, equal, perpendioular bisector, parallel, perimeter and 
locus. 

Item 12. Parallel, mutually equal, regular, similar, mutually oon­
g~uent~ equal or supplementary, conourrent~ equilateral, general, con­
gruent, regular polygons, oomplementary, equal or similar, mutually 
regulary, mutually related, mutually equiangular and supplementary. 

I-bam 13. Side, 1200, 1600, 3600 , 1800, 90°,190°, extromities, "astit," 
strai ght, sum of other two minus 180 and the fourth. 

It.em 14. Aoute, 90°. supplementary, perpendioular, adjaoent, vertioals, 
parallel, congruenot, oomplementary, d.ght triangle, oongruent, straight 
angles, 360, oonourrent and reflex. 

Item 16. 720°, 90°, 76°, 540°, n(n - 2°) (180°), eq~l, 180/n, 
(n-2)1800 , n-21n (1800 ), complementary, n(n-2), (n-2), 11-360°, n-2, 
supplementary, perpendioular, (n-2), n/2 (360°), n(1800). 
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TABLE IX (continued)
 

CORRECT AND INCORRECT RESPONSES TEST I, FORM B
 

===r=::-:::=-::::-====:::::;==.=::::::::;:~.. '=.=:::=~-=.== or-:i:noorzoO'01':::';:sponsea'Number 
% 

oorrectI"hem Correot response 

16 

17 
18 
19 
20 
'21 
22 

perpendioular 
biseotor 

line 
biseotor 

0
90
hypotenuse 
isosoeles 
quadrilateral 

response 

38 

74 
91 
72 
94 
73 
63 

di1'i'eren'b 
incorreot 
responses* 

32 

14 
12 
14 

7 
12 
16 

made by 5% or more 
01' the students 

._,-..1--­
oenter 
bisector 
pla.ne 

450 

equilateral 
rectangle 
square 

6 
16 

5 

14 

11 
7 

11 

I~em 16. Equal, oirole, median, perpendicular, midpoint, angle biseotor, 
length, line, parallel, biseotor of line, path, vertex line, tangent, 
square, base, vertice, diwmeter, oenter biseotor, place or location, 
surfaoe, locii, transversal, diagonal, 10ouB, point, altitudo, circum­
center, incentar, middle, and circle with line as oenter. 

Item 17. Sur1'ace, oirc1e ray, angle, rei'lex angle, arc, geometrio­
Jnovement, position, shadow, area, revolution, magnitude, 180°, motion 
and i'igure. 

Item 18. Median, surfaoe, equal, altitude, diagonal, biseotor, perpen­
dicular, transversal, bisect, vertex, and acute. 

It em 19. 900 , 800, 600, 1800, obtuse, 300 
, 96° ~ 1350 

, 350 2~0, 3600,I 

1200 and right angles. 

Item 20. Hypothesis, vertex~ base, perpendiou1a.r, supplements, base 
angles, and hypotenuse. 

Item 21. Equilateral, oo~gruent, equal, ooncurrent, not equal, 
supplementary, soalene, right 'briang1e, obtuse, acute, adjaoent. 

I"bem 22. Equal, hexagon, equilateral, parallelogram, rhombus~ trapezoid, 
quadrant, tl'iangle, pentagon, regular~ deoagon, II equilitalall ootagon and 
·s'oalene. 
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TABLE IX (continued) 

OORRECT AND INCORRECT RESPONSES TEST I, FORM B 

Item Oorrect response 
% 

oorrect 
response 

NUIIlber of 
different 
inoorreot 
re spOIlf.16 s* 

Inoorreot responses 
made by 5% or more 
of the students 

response " 23 medians 45 23 bisector 6 
altitudes 11 

24 120° 68 33 
25 tBe 9 42 1/3130 6 

Be 6 
1/2BO 10 

26 43° 84 24 
27 55° 44 38 125 5 

110 12 
28 60° 83 15 120 5 
29 65-35-80 24 43 50 9 

Item 23. Mid-point, angle, oenter, perpendicular biseotor, angle biseotors, 
biseotors of side, sides, parallel, transversal, vertioes, legs, loous, 
diagonals, inoenter, orthooenter, perpendioular, trapezoid, extrmnities, 
base, line quadrilateral. 

Item 24. Obtuse, acute, 60°, straight angle, 20°, 120°, 40°, 135°, 45°, 
24° 440° 106° 110° 30° 112° 200° 130° 5° 90° 1500 650 75° 

0' 0' 0' 0' . ~ to ' " '0 6 6 ' a95 , 115 , 126 , 2~ , 160 , 1122 , suppl~entary, 120 , 80 , 70 and 96 • 

Item 25. Z~-, AB, lAB, 4AB, 130/18, 1/8 130, 1/6 XY, XY, 1/9 BO, 2 AB, 
1/3 AB, 4 BC, 5/6 130, 1/6 BO, 2130, 1/6ABI Z/3, 2/3 AB, ,g., 1/9 AB, 9 130, 
Z/3 130, 1/18, 1 1/6 Y, 1/6, 1 1/3, 1/3 3/32, 2, 1.8, 1;36 BC, 1/12 130, 
1, 1/12, 1 1/2 BC, 1/9, 1/36, 4, and 1 i/z. 
Item 26. 1330°, 53°, 1300 , 34°, 43°, 40°, 133°, 33°, 2~o, 47°, 90°, 
13~ 83°, 94°, 113°, 122°, 50°, 123°, 57°, 42°, 4°, 22°, 1100 and aoute. 

Item 27. Trian§le, 10°, 60°, 160°, 122°, 35°, 40°, 250°, 2150 
, 70° y, 

1200, 1800, 140 , 111°, 150°, 1110°, 500 , 52°, 14°, x 700 
, 25°, 220 

, 

2900, 700 , 200, 1160, 1000, 210°, 135°, 21i~, 27io, 1450, 1160 , 30°, 
103°, and 33 1/30 • 

Item 28. 600, 20°, 90°, 30°, 100°, 3000 , 180°, numerioally 2 ttmes aro, 
gO, 350, 400, 1600, 30°, and tv~ points. 

Itam 29. 60, 30-65-85, 50, 5, 68-33-80, 100-50-30, 70-30-80, 30-60-90, 
70, 35, 180, 90-65-35, 65-36-180, 80, 230, 65-35-75, 33 1/3, 130-20, 
170-6, 30-65.80, 60-35-50, equal, suppl~entary,noute, obtuse, unequal 
60-46-36, 90-66-25, 3 t 5 t 10, 310, 36-80-63, 314, 80-150, 70-130, gO-3D, 
95-35-20, 36-65, 80-30, 100-130, 130, 150, 96, 30, 65 and 50-100-130. 
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TABLE IX (oontinued)
 

CORRECT .AND INCORRECT RESPONSES TEST I, FORM B
 

Item Correct response 

30 540 

31 40 
32 11 
33 160° 

% 
oorrect 
response 

64 

58 
54 
53 

Number of' 
different 
incorreot 
responses'" 

40 

34 
28 
48 

Inoorrect responses 
made by 5% or more 
of the student s 

response % 

720 5 
360 7 

a 9 

Part II 

asupplementaryright angles 75 131 
9givenproof 74 112 
9oonclusion 

94 9equal:3 

Item 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).0, 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. Equal, 9, 20, 40, 4, n, 8, 17 3/11, 5, 420, 10, 16, 42, 6, 12, 
9, 3150, 7, ~, 38, 3, 80, 44, 30, 16, 11, 1260, 60, 140, 100, 22, 25, 
147, 90. 

Item 32. 1~, 22, 0, 4, 11, 15, 23, 18, 68, 32, 42, 7i, 12, 13, 7, 
11i, 5, ~, 14, 10, 20, 12i, 16, 1, 6, 172, 8 and 22, between 8 and 
21, and 22 or 8. 

Item 33. 20°, 33°, 86°, 144°, 8x, 100°, 11io, 80°, 320°, 32°, 138°, 1° , 
3006 158°, 64°, 36°, 40°, 116°, 172°, 42to, 22~0, 360°, x 8, 1572°, 
178 , 84°, 162°, 140°, ax les6, 45°, 155 , an, 94°, 60°, 2880°, (8 - 2) 
1800, l57io, 22°, 17 7/9, 180°, 1440°, l67io, 315°, 57~o, 170°, 8-n 
times 180 and supplementary. 

Part II 

Item 1. Exterior angle, equal, complementary, perpendioular, four, 
unequal, aoute, interior angle, parallel, five, area and right a.ngles. 

Item 2. proof, exterior engle, complementary, perimeter, perpendicular, 
tangent, secant, isosoeles and interior angles. 

Item 3. Supplamentary, aoute, unequal, oomplementary, parallel, 
interior angle, perpendicular, area, and seoant. 
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%4 Ii 4 • , 

TABLE IX (oontinuad) 

CORRECT AND INCORRECT RESPONSI<:lS TEST I. FORM B 

..... 
Number of Inoorreot responses 

% different made by 5% or more 
Item Correot response oorreot inoorreot of the students 

response responses* 
response % 

4 parallel 88 11 supplementary 6 
5 four 98 3 
6 fll·ea 64 18 perimeter 16 
7 equal 93 5 unequal 6 
8 seoant 68 7 ohord 28 
9 obtuse 44 16 unequal 6 

equal 7 
right angles 7 
oomp1ementary 5 
acute 5 
supplementary 9 

10 isosoeles 76 10 

Itenn 4. Area, conclusion, equal, right angles, complementary, per­
p.endioular, unequal, five, parallel, and four. 

Item 5. Five, oonolusion and given. 

ItEnn 6. Interior angle, exterior, trapezoid, equal, four, tangent, 
secant, conolusioD, unequal, right angles, supplementary, perpendioular, 
secant, complementary, chord, acute, and given. 

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

Item 8. Tangen-c, oonolusion, unequal, obtuse, camp1emelltary, and secant. 

Item 9. l<'our, area, seoant, chord, given, perpendicula.r, isosoe1es, 
£'iva, 90°, and perimeter. 

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

CORRECT AND INCORRECT RESPONSES TEST II, FORM A 

Item 

: 

Correct response 
% 

oorreot 
response 

Numbor of 
different 
inoorreot 
responses'" 

Part I 

"'"""""--"'~''''-

Inoorreot responses 
made by 5'~ or more 
of the students 

response I % ­
1 
2 
3 

4 

5 -

oirole 
oorollary 
(n-2) 180 

biseotor 

scalene 

95 
77 
49 

84 

74 

12 
15 
36 

16 

16 

180 
360 
n-2(180) 
perpendioular 

biseotor 
isosoeles 

6 
9 
5 

5 
6 

* The fol10\ving are the inoorreot responses made by less than 5% of the 
students. For most of the answers the spelling has been oorrected. For 
some of the responses, however, i"b was impossible to determine 'WhAt word 
the student intended to use, or the word was so badly misspelled that it 
could not be oredHed. Suoh answers are listed below as given by the 
student and are plaoed in quotation marks. 

Item 1. Seotor, oenter, mid-point, oiroumscribe, loous, point, radius, 
regular polygon, oonoentric, another ou~e, arc, and polygon. 

Item 2. Postulate, proof, axiom, fact, statement, converso, ante­
oedent, apothem, "ad, II hypotenuse, conolusion, tool, result, proposi°!;ion, 
and 2 step-proof, 

Item 3. 120, 60~ 90, 180/n, 180n, n-Z/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)160, 
360-n, 180-n, n-2, 720n, 360n, n/2 (360), 136/n, n-2/180, n 180, 
n/2 (180), n/2 (180), n-180, 2(n-16), vertex, n-2/720 and n(n-2). 

Item 4. center, sides, perpendicular, mid-point, vertex, is060eles, 
size, side, hypotenuse, aoute, vertioal, basa, line vertices, oiroum­
ference and 360°. 

Item 5. Polygon, quadrilateral, obtuse, aoute, trapezoid, equilateral, 
right triangle, plane triangle, reotangle, irregUlar', aeqUfi)n003, tIOP­

equilateral, eq~inngular, ooale, and supplemontary. 
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TABLE X (continued) 

OORRECT AND INCORRECT RESPONSES TEST II. FOIU~ A 

response 

10 
42 
19 
22 

79 
68 
82 
49 

% 
oorreot 
response 

altitude 
1500 

330 

proof 

9 
10 
11 
12 

Item Correct response 

acute angle 7 
aoute angle 9 
supplementary 5 
media.n 16 
obtuso 5 
1230 6 
hypothesis 14 
given 6 
to prove 5__ dOl III --'-__, '-­ -'" = 1__ 

::::---------:--'-.'-:=-;;;';;;;--;r:;-;:;;-;.;;.-;.;;'===:r=;NO=::um::::;::b=e=:r=o;:;f=·;:::::fu:>:n=o=o=-rre0·+,-71' €I span se s -

different made by 510 or more 
incorreot of ~he students 
responses* 

%'-­---t----...----f---..--...---­ -----,----1--,,-,-,-'----!---­
6 adjaoent, angles 77 17 
7 obtuse an gle 86 10 
8 oomplememtary 75 17 

Itam 6. Supplementary, central angle, isosoeles, vertical angle, 
oomplementary, equilateral, insoribed angles, similar, triangles, 
oongruent, vertices, right angles, right triangles, parallel, base 
angle, biseotors of an angle, and consecutive angles. 

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

Item 8. Right angle, 180°, 30°_60°, 30°, equal, concurrent, straight, 
adjaoent, obtuse, congruent, 90°, equal adjacent angles, complementary 
adjacent, acute-obtuse, ~d ~5°. 

Item 9. Bisector, perpendicular biseotor, locus~ complementary, right 
angle, diameter, radius, base and hypotenuse. 

Item 10. 67io~ 135°, 350°, 105°1 altitude l 360°, 60°, 140°, 25°, 30°, 
120°, 70°, l600~ 50°, 125°, 180°, 45°, acute, 170°, 800~ 75°, 100°, 
supplementary, 185°, 179°, 900~ right angle, 150°, 15°, 88°, 210°, 36°, 
reflex, 115°, vertex, 72°, 5°, 95°, 80°, 3 0' clock and 1.10°. 

43°Item 11• " 1430 , 3010 , 23°" 55° 30°, 150°., 132°, 3°, 57°, 32°, 
147°, 35°, 114°, 28°, 16~o, 42°, and 157°. 

Item 12. To find olause, fac'cs, concurency, proposition, postulate, 
consequence, steps, conclusion, axiom, corollary, therefore, proof, 
hypo'benuso, why, 33°, complement, reasons, assumptions, proportional. 
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TABLE X (oonti~Ued) 

CORRECT AND Il'rCORREC1' RESPONSES TES'f II" li'ORM A 

-===-:::;::::==="-:;:'-="::::-::'-_."!.-.=-=--====-::;::-::;-W-=un-::;:lb;::':a=r=of =r=;:~==:,=- ·-"T-" _' ----"',---,,---.,-,----.--
Inoorreot' responses

% different made by 5% or more
Item Correot response correot inoorreot of the stude11t s 

response responsea* 

13 equal 96 3
 
14
 similar 60 16 congruent 5 

equal 9 
right triangle 12 

15 secant 76 8 chord 20 
16 oentra.l angle 78 17 inscribed angle 7 
17 circUTIlscribed
 

polygon
 46 27 polygon 18 
18 segment 54 23 sector 6 
19 proportion 76 17 

Item 13. Suppla.mentary, equal and parallel. 

Item 14. Supplementary, right angles, reotangle, proportional, equi­
lateral, chord, parallelogram, square, complementary, isosoeles, bi ­
sected, parallel and 5/7 • l/~. 

Item 15. Radii, tangent, segment, diameter, oentral angle, oomplementary, 
and isosoeles. 

Item 16. Interior angle, circumsoribe, sector, right angle, inter­
cepted, straight angle, inscribed polygon, diameter, secant, central 
cirole, vertioal, segment, radius, tangent, acute angle, vertex angle. 

Item 17. Inscribed circle, lI excribed polygon,ll square, regular poly­
gon" rectangle, secant, triangle, chord, quadrilateral, tangent, semi­
eil"cle, central angle, rhombus, tangent polygon. "subscribe polygon, II 
in~ercepted angle, oircle insoribe by a polygon, equilateral. oon­
structive, exterior angle, scalene, n-gon, hexagon, n-polygon, and 
trapezoid. 

Item 18. Segment, diameter, inscribe angle, secant, perpendicular 
bisector" minor arc of cirole, part. intercepted arc, radii, tange!1'c, 
quadrant, oentral ~ngle, proportion, arc, semi-circle, sequenoe, angle, 
soction, inscribe angle of circle, triangle, chord and "bow. II 

Item 19. Term ratio, equal propor"bions, equilateral, sasment, pro­
portional. mean proportional, extremes. relationship, un:i.ty, seotion, 
similitude, equality, idenity, fra.ction, vertex, equally and equal 
ratio. 
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TABLE X (oontinued)
 

CORRECT AND INCORRECT RESPONSES TEST II, ~'OHM A
 

. - .. .. 

Item 

20 
21 
22 
23 

24 

Correot response 

extremes 
proportionally 
rhombus 
t the sum of the 

intercepted a.rcs 

perpendicular 
bisector 

-.- . ­

% 
oorreot 
response 

Numbs),4-ot: 
different 
inoorrect 
responses'" 

made by 5/~ 
ot' the students 

response 

equally 

! its inter­
cepted arc 

t difference 
intercepted 

pe rpendicular 
diameter 
bisector 

-'. 

of 
arc 

88 
83 
86 
41 

53 

-

11 
16 
10 
16 

14 

---'-

Incorreot responses 
or more 

% 

9 

35 

10
 
5
 
6
 

14 

Item 20. Means, mean proportional, antecedents, alternate, external, 
consequents, similar, proportion, extremities, f'ourth proportional and 
"conooncuse ." 

Item 21. Equal, proportionally equal, proportion, oongruent, respeotively, 
similar, externally, internally, mutually, one-half, square, correspond­
ing, rationally, equal parts, and extrames. 

Item 22. Rectangle, parallelogram, trapezoid, one half its aro, triangle, 
quadrilateral, oirole, polygon, right triangle, and cirole. 

Itam 23. Sum of intercepted arc, numerical its interoepted are, one 
half, one half larger arc minus arc smaller, differenoe of intercepted 
are, one half produot of are, one half arc plus vertical angle, one 
sum of vertioal angles, similar, one half difference of chords, equal, 
para.llel lines, one half sum, and one half central angle. 

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

CORRECT AND INCORRECT RESPONSES TEST II, FORM A
 

= :: ... .. .
 
% 

oorraot 
response 

69 

56 
87 
78 

40 

92 

. 
Number of 
different 
incor~'eot 

respons9s* 

18 

17 
12 

8 

14 

8 

. . 1 __ 

Incor:r..eot responses 
made by 5~ or more 
of the students 

r c:.sponse . _.­
~ 

t difference of' 
intercepted arc 18 

rhombus 9 

equal 5 
aquilateral 5 

similar 46 
congruent 5 

Item 

25 

26 

27 
28 

29 

30 

Correct response 

~ its intercepted 
arc 

rectangle of 
square 

~ BH 
similar 

mutually 
equiangular 

diameter 

Item 25. One half its intercepted arc, sum of intercepted aro, one half 
sum of its aros, Its t = t e,l! one half, intercepted arc, 90°, its angle .. 
differenoe of two arcs, one half sum of exterior, two, segment and 
tangent, equal, similar, another, one half angles, and one half sum of 
difference of arcs. 

Item 26. Inscribe parallelogram, inscribe polygon, quadrilateral, 
parallelogram, polygon, inscribed quadrilateral, equilateral, isosceles 
trapezoid, hexagon, figure, regular polygon, trapezoid, isosceles, 
equiangular, insoribed rectangle and circumscribed polygon. 

Item 27. Equal, i- 1 w, 180, B ;lC h, B x h X 2, 360, 1l~2/s2 " A2~ B2, 
1 x w, sides, six = T/E, and ~bh. 

Item 28. lmtually equilateral, congruent, suppl~entary, proportional, 
regular~ and equally. 

Itam 29. Mutually equal, equal, proportional, equ1an~ular, regular, 
tlcondurent, I' sides proportioD, not similar, conoentrio, tangent, 
perpendicular, proportionally equiangular. 

Item 30. Circle, ohord, diagonal, seoant, radii. perpendiCUlar 
bisector. perpendicular and altitude. 
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TABLE XI 

CORRECT AND INOORREOT RESPONSES TEST II, FORM D 

Item Correot response 
% 

oorroot 
response 

Number of' 
different 
inoorreot 
responses· 

Inoorreot responses 
1'I\ade by 6% or more 
of' the studenh 

resPonse I " Part I 
conoentrio
 

oircles
 
1 

86 14 similar 5 
2 theorem 82 14 axiom 5 
3 3600 74 22' 61800 

perpendicular
 
biseotor
 

4 
69 22 biseotor 8 

5 Isosceles triangle 90 10
 
6
 right angle 96 11 

-~ 

* The following are the inoorreot responses mAde by leaa than 6% ot 'bhe 
students. For most of' the answers the spelling has been oorrected. 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. Suoh answers are listed below as given by the 
student and are plaoed in quotation marks. 

Item 1. Equal, incurred, unequal, congruent, insoribed, oonourrent, 
oentral, ltoenterceddle," oiroumscribed, centric, tangent, different .. 
and s~i-ciroleB. 

Item 2. Corollary, hypothesis, principal, axiom, proposition, probl~, 

congruent, pOl3tul~te, "quiorem, II straight angle, proof', sta.tement, 
f'a~t, and tool. 

Item 3. Supplementary, sum of interior angles, sum of non-adjaoent 
interior angles, path, exterior angle, similar, 720°, 540°, 90°, 60°, 
8600, 2600, 3600~800, 360/n( l80/n, n - l8/2~ n/2(180), (n-2)360, 
(n-180)360, 30-6-90, 5~2(180). 

Item 4. Circle wi"bh extreme line as center, oi%'Ole, parallel of it, 
center, bisaotor of' line, radius, diameter, locus, vertex, altitudEl, 
perpendicular, two parallels, mid-point, angle biseotor, parallellines 
on eaoh side, proportional, distanoe from it, two lines, congruent 
triangles, mea.n proportional, median, and shortest distanoe. 

Item 5. Triangle, similar triangle, right triangle, corresponding 
triangle, quadrilateral, equilahral triangle, "eqUlator, II Bodont 
triangle, congruent triangles, right angle. 

Item 6. Vertical right angle, tdangle, right "briangh, straight, 
is080eles, vertioal, square, acu"ba, adjaoent angle, 180 and biseotor. 
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TABLE XI (oontinued) 

CORRECT AND INCORRECT J1,ESPONSES TEST II, FOHM B 

: 

Item 

7 
8 

9 
10 
11 
12 
13 

14-

: : : : 

Correct response 

aoute angle 
supplementary 

median 
120° 
122 
interior angle 
perpendicular 

similar 

% 
oorreot 
response 

88 
80 

85 
71 
85 
76 
35 

75 

Number of 
different 
inoorreot 
reaponses* 

8 
17 

11 
30 
24 
11 
18 

17 

-
Inoorl;;ot responses 
made by 5% or more 
of the students 

response 
obtuse 
complementary 
right angles 
altitude 
obtuse angle 
32 
angle 
diagonals 
equal 
equal 

% 
5 
5 
9 

11 
7 
5 

16 
8 

30 
9 

Item 7. Supplementary an§le, complementary angle, reflex angle, obtuse 
angle, right triangle, 90 , 45° and right angle. 

Item 8. Adjaoent angles, 80° 100°, two right angles, aoute, e~ua1, 
obtuse, one revolution, supplementary, right triangle, 90°, 180 , 
similar, 30°, and acute and obtuse. 

Item 9 • . Bisected angle, angle biseotor, perpendicu6ar bisector, 90°, 
perpendicular, diameter, vertex, parallelogrwm, 122 , diagonal and 
equal distant. 

I"bem 10. 20°, 150°, 112! ~ 10Uo. 280°, 140°, 70°, 60°, 20°, 40°. obtuse 
angle, complementarb angle, right angle, aoute an~le, supplementa~ 

angle, 45°, 80°, 90 , 110°, 100,° 2 0 1 50 0 , 120 , 130° , 300 , 1350 ,40, 160,° 
115°, and 180°. 

I"bem 11. 125, 120, 302, 148, 132. 116, 121, 162, 33, 124, 45, 102, 
22, 30, 92, 152, 35, 185, 122. 32, 42, 112 and 95. 

Item 12. Yes. sides, engles, acute angles. adjacent angles, true, 
e~erior-interior angles, false, interior acute angle, and exterior 
angle •. 

I"bem 13. Different size, Elcu'be, right angles, 45, diameters, parallel, 
straight, concurrent, hypotenuse. oomplementary paraLlel, similar, 
8upp1amentary, altitudes, bisected, proportional and the BaMe. 

I'bem 14. Supplementary, parallelogram, congruent, concurrent, right 
triangle, parallel, proportional, square, equilateral triangles, right 
angles, trapezoids, isosoeles, perpendicular, corresponding, similar and 
reota.ngle. 
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!ABLE XI (continued) 

CORREOT AND INCORRECT RESPONSES TEST II, FORM B 

: : :
 
Number of' IiJO"Orreot ro sponses­
di.:f'ferent% made by 55' or more 

Correot response oorreot inoorreot of the student s 
response respons6a* 

- :--+-:----:------+------1------+ resp..:,o.:;;n.;:.s.;,.EJ__
15 tangent 91 7 

l-t.:-%_ 

16· inscribed angle 86 22 
17 inscribed polygon 60 19 
18 seotor 21 29 segment 15 

central angle 26 
19 ra;bio 67 9 proportion 27 
20 means 85 7 
21 proportionally 81 11 equally 10 
22 square 60 10 rhombus 30--''''---------........--~-~-_--_--..J.-----------'---,--

Item 15. Radii, chord, vertex, sector, seoaut, di~eter and transversal. 

Item 16. Insoribed triangle, interior angle, right, median, isosoeles, 
equilateral triangle, right triangle, arc, secant, 90, central angle, 
seotor, segment, obtuse angle, triangle, insoribed angle, oircumsoribed, 
tangent, vertical, polygon, s~icircle, =parallelogram. 

Item 17. Regular, square, pentagon, ciroumsoribed polygon, quadrilateral, 
regular polygon, secant, rectangle, parallelogram, hexagon, segment, 
insoribed quadrilateral, triangle, figuro, inscribed angle, rhombus, 
apothem, heptagon, and equilateral. 

Item 18. Triangle, arc, chord, circle, quadrant, diameter, cone, secant, 
tangent, semi-circle, isosceles triangle, right triangle, oentral arc, 
angle, circumsoribed, vertical a.ngle, equilatera.l triangle, minor, 
reotangle, inscribed angle, quadrilateral, arc angle, interior a.ngle 
hexagon, apothem orthex, lisa sic, II and intercepted arc. 

Itg,m 19. Equation, comparison, faction, unity, radius, anteoedent, 
equivalent and mean proportion. 

Item 20. Mea.n proportional, antecedent, extr~es, corolla.ry, con­
sequence, medians, and proportion. 

Item 21. Internally, true, in proportion, numerioally, similar, per­
pendioular, harmonically, mutually, externally and rhombus. 

Item 22. Parallelogram, trapezoid, quadrilateral, reo"bangle, side, 
triangle, polygon, right triangle, and equal. 
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TABLE XI (continued) 

CORRECT AND INCORRECT RESPONSES TEST II, I'-OHM B 

"'... --­ -= 
Number of' 
different 
inoorreot 
responses* 

Item Correot response 
% 

oorrect 
response 

23 t differenoe 01' 
their intercepted 
aro 42 17 

24 ~erpendioular 93 8 
25 2 its interoepted 

arc 92 8 
26 supp1ementary 28 8 
27 B h or 1 w 83 17 
28 similar 76 7 
29 similar 84 10 
30 chord 86 8 

....-
Inoorreot ra span ses 
made by 5% or more 
of the students 

response 

i seam of inter­
oepted arc
 

fa its inter­
oepted arc
 

equal
t Eli 
congruent 

secant 

% 

10 

31 

63 
8 

14 

8 

Item 23. Intercepted arc, 90°, Olle-fourth of a oirole, right, one-half 
SUlll of angles, difference of' intercepted arc, one-half sum oi' sides, 
differenoe between two aros, one-half difference of tangents, ons-half 
larger aro minus smaller arc, tangent, one-half its chord, equal, similar, 
one-half differents, 180°, and two times interdepted arcs. 

Item 24. Radius, tangent, parallel, equal, mean proportional, pro­
portional, secant and biseotor. 

Item 25. 900 , ~dce, one-half its chord, equal, 180°, similar and ona­
half sum of intercepted arcs. 

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

2Item 27. One-half square of' its diagonal, 360°.. ,p.-b/a'b ' , 8 , 180°. square 
of diagonal, diagonal plUB diagonal over two, D~/4, 2 sides squared, 
a .. 2, {8/2)2/3 , 1 ~ 2, parallEll .. ~ h ( B-\"B). t its diagonal and 
(n-2) lBOo. 

Item 28. Equal, mutually equiangular, regular, acute, segment, oompl~ent, 

equiangular. 

Item 29. Mutually equilateral, aides proportionally, equal, regular, 
oongruent, seoant, smaller, similitude, in proportion, and in same ratio. 

Itenl 30. Segment, diameter, ta~1gen'b, sector, identioal. .. arc, and equal. 



CliAPTE:Il V 

INTERPRETATION AND USE OF TEST RESULTS 

The real value of a 'best is realized Ollly whon the 1"esults obtained 

from its use a.re interpreted adequately. '.l'he intellig€l11t interpretation 

of the results is the factor of chief interest to the teacher. 

In an earlier chapter it was pointed out that if maximum reliability 

is to be attained on a test it is essential that the test be long enough 

to yield a fairly wide distribution of scores. In other words it is de­

sirable that the scores arrange themselves practioally as a normal dis­

tribution. 

The ex.tent to which "che scores on this series of tests form a normal 

distribution may be seen by noting Figures 1, 2, 3, and 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 approx.imately at the middle of the diotribution. Vihen graph­

ically plo'bted the ourve formed, from each distribution of scores, con­

formed very closely to the theoretical normal curve. 

Me~sures of Central Tendency and Variability 

In order to be able to interpret more ooncretely the scores of a 

group, the measure of central tendency and variabili'Gy should be known. 

These have been computed for eaoh of 'bha series or tes"be of this study 

and are listed in Table XII. By means of 'bhoSEl measures it is possible 

to compare the degree of equivalenoe of the tests and "the variability of 

the achievement of "I:;he students. 
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No attempt vias made in this study to compute a.ny of' the mea.sures of 

central tendency or varia.bili'by by schools. These measures were compu~jed 

for the group as a whole. It will be noticed that the number of ca.ses 

used on Test I and Test II "Iere practically the same. 

TABLE XII 

MEA.SURES OF CENTRAL TENDENCY AND VARIABILITY 

Test I 
. 

Test II 

Form A J:t"orm BForm A Form B 

Number taking test 
Average 
Median 
Mode 
Range 
Q 
S.D. 
oave 

PE(mdn) 

520 
64 
58 

52.5 
102 

18 
23.7 
1.04 

.99 

508 
67 
68 

77.5 
98 
15 

20.3 
.90 
.83 

522 524 
62 64 
58 63 

57.5 72.5 
102 101 

13 11 
18.7 18.1 

.82 .79 

.68 .62 

Read table thus: 520 students took Test I~ Form A; 
508 students took Test I~ Form B; 522 students took 
Test II~ Form A; and 524 students took Test II, Form B. 

The fact that the average score in each test did not vary more than 

~ points shows a. high reliability. In these tests we find a difference 

of 10 points in the median on Test I and 8 points differenoe on Test II. 

Likevase the mode is considerably higher form Fo~ B than for Fo~ A. 

The cause for these differences will be pointed out later in connection 

vlith peroentile norms. 

The range and the other measure s of variabili-l:;y are much the same 

for the equivalent forms. The measures of reliability of the median and 

mean are small I showing high reliability of the obtained measures. 
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Peroentile Norms 

Percen"bile norms are of greater valuo than merely medlo.n or mean 

norms for purposes of comparinl'; the standing of difforen"b il1dividuals 

on the same or different tests a.nd of the sarna indiV'idual at different 

testing dates. 

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

Test I" !t'orrns A and B, and Tes"b II, ~"orms A and B, respectively" were as 

follows: 

Bothel 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 vrords, 

it is much more significant, for exump~eJ to know that a. student ranks 

ninetieth percentile on a test than to know merely that he ranks above the 

group median. 

In this study" percentile scores 1'or Form A. of Test I and Test II 

~~re cOlnputed by the Bureau of Educational Measurrnnents of the Kansas 

state Teachers College" Emporia" for use in connection 1'.1th the Every 

Pupil Scholar ship Te sts. '1'he se percentile score s are ba.sed on 4823 pupil 

scores for Test I and 4325 pupil scores for Test II. 

Table XIII gives the percentile scores computed by the Bureau of 

Measurements on Form A of Tests I and II and the scores con~uted by the 

wri"1:;er on both Forms A and B for the schools whore both forma vrare given. 

It may be seen from Table XIII that the percentiles at' the smaller 

group were a little higher "bhan those t'or the en"hire group. '1.'h16 shows" 

of course" the. t -bhe school s comprising the small group were more eff.icient 
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TABU~ XIII 

PERCENTILE SCORES FOR EACH TEST 

Peroentiles 

n ...__·_~__ - --_... _.'­
99 10-ile 107 112 112 101 108 104 
95 1.....ile 95 106 103 86 97 93 
90 1.,..11e 85 99 96 78 87 86 
85 J~ile 79 95 90 73 82 83 
80 jb-ile 73 86 86 68 77 83 
75 10-11e 69 83 82 64 73 77 
70 %-ile 65 78 79 61 78 75 
65 10-ile 62 73 76 58 71 72 
60 1o-ile 58 68 73 55 65 70 
55 10""11e 55 64 70 52 62 67 
50 %-ile 52 59 67 50 60 69 
45 fo-ile 50 57 64 47 57 66 
40 1.,..He 47 54 61 44 55 63 
35 10-Ue 44 52 58 42 53 60 
30 %-ile 41 49 55 39 50 53 
25 ~~-ila 38 47 52 36 48 50 
20 1"..i1e 35 44 42 33 45 47 
15 %-ile 32 41 44 30 42 44 
10 fo-ile 27 36 40 26 38 41 

5 %-ile 21 28 36 21 34 35 
1 %-.ile•...•~ ___ 12 12 25 12 25 26'......--_.- -4SY5 ~-r----­ ---s2"4".~-'-Number of cases 4823 . 52Cr- 508 522 

•• ___.....____ll...,__ f-•••"-_ .._- ' .... ... --- --- ......­~---,

Read table thus: In Tes'l; I, Form A, 99~1o did not exoeed 107 or 
112; Form B, 99/~ did not exoeed 112. On Test II, Porm A, 99jb did not 
exceed 101 or 108; Form B, 99% did not exoeed 104. 

*Q.uoted from Bureau of Educational Measurements, Kansas Sta'ce 
Teachers College of Emporia; Roport of the nineteenth and twentieth 
Nation-vdde Every Pupil Scholarship Test. 

**Computed by the ''Jri'ber. 
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then the large group for which the soares weI'S roported in the Ne'cion-Wide 

Te sting Program. Peroentiles on Form D are higher than tho se on F'orm A, 

no doubt because Form B "M:\S given \vi thin ton days after givil1g of Form A. 

The differenoe presumably is due to practice effect on test mechanics or 

. to intervoning study. It is also possible 'chat a disoussion of Form A 

had ta.ken place before 'I:;he giving of Form B and that the inorement is due 

to added efficienoy beoause of the learning effeot. 

Median Scores on Each Division of the Tests 

III Table XIV a.re listed the median scores made by the students on 

each part of eaoh form of Tests I and II. It will be observed that 'bher6 

is almost perfect consistency in respeot to these medians between the 

corresponding parts of the equivalenb forms. This indicates that the 

corresponding parts of the tests are really equival ant in difficulty and 

in themselves reliable measures of pupil attainment. 

TABLE xiv
 

MEDIAN SCORES FOR EACH PART OF EACH TEST
 

Part I 

Part II 

Part III 

Pa.rt IV 

Part V 
Total scores 

.. 0$....,._..........._<~~, .• • :to 

---_...._._-- . ._- . '---' J:t:l::n.. .L Test II 
A 

22 

8 

5 

18 

10 
520 

_'.____"" 

B - 1-------~--_.._.....­
A B_._--,-._­..-.,......-...---_., 

2223 Part I 

128 Part II 

5 Part III 12 
19 15Part IV 

10 
50B 522 

23 

12 

12 
20 

524 
__••_~ ..- .... -_.,-,---- ..._..­

Read table thus l The median scar e on Ta at I, Form A, 
of Part I, is 22; on Test I, Form B, 23; Test II, Fo~ A, 
22; and on Test II, Ponn B, 23. 
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Part Norms 

Norms on the various parts of a. test mnke possible mora dO'bailad 

analyses on the part of the teacher and more exact diagnostic work. From 

the following cita:bion 0:1: the sooros of three s'budenta on the dif:l:erent 

parts of the tests, it is sean ho....r one may check ba.ok to see on whioh part 

of the test the student ranks a~ove 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 '1 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 work. On Test II his score on both forms is 

exactly at the norm. Hence it may be concluded that he is consistently 

efficient in this v.ork. 

Paulls scores on Part 4, Test I, For.m A is 18 points below the norm, 

and on Form B is 1 point below the norm. This shows that he ranks below 

the average on proof work. On Test II, his score on Fornl A is 5 points 

beloTI the norm and on Form B it io just at the norm. Hence it may be 

concluded that he is inefficient in this work. 

----~---------..- ...-._.-_.--_.-_._....-..-­..-~_._--~-_._----_.- .._
* In Test II, "bypes of items used in pa.rts 2 and 3 were combined. 

Therefore Parts 4 and 5 corresponcl to Parts 3 and 4 of Test II. 
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A graphical rGpresantation of the scores of the group on Part I of 

Test I, Forms A and B is given in Figure 5; and for Test II, Forms A and 

B, iIi Figure 6. Ona of the most striking features of the sa gra.phs is the 

lack o~ symmetry in the figure. There is a piling up of the sooras at the 

high end of the soale or, in other words, the curve is negati-vely skewed. 

This indicates that on this part there was a greater rr oportioIJ of oapable 

students than of very poor students. 

It is signifioant:, however, that there is marked conformity between 

the two graphs on ea.oh ~igure. This shows that the two forms are highly 

equivalent in respeot to accuracy of measurement. 

Sunnnary 

It must be kept in mind that the mere use of the tests--just giving 

and sooring them--is not sufficient. The real value of the tests is 

realized only when the -test resul'bs are interpreted adequately a.nd teach­

ing practices and prooedures are based on them. 

The norms should be used for interpreting average achievement of a 

group. The statistical findings of this study tend to show that the 

several tests of the series are valid and reliable measures. The per­

centile scores are most valuable for the interpretation of both indi­

vidual and class scores. 
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CHAPTER VI 

SUMMARY AND CONCLUS IONS 

This study consists of a description of the details of standardizing 

a series of tests in Plane Geometry and of an analysis of the results 

obtained from the construction and use of the tests. 

The oriteria for establishing the validi'!:;y of the content of this 

test ware six textbooks of geometry; the report of the Reoommendations of 

the National Committee of' Mathematics; the requirements of the College 

Entrance Examination Board; the Ka.nsas State Course of study; and crit ­

icisms of teachers and supervisors of mathematios, and of test construo­

i:;ion specialists. Since the content of the test is in agreement with these 

reputable criteria, a high degree of validity has been assured. 

The tests of this study are thoroughly objective and are unadulter­

ated by factors which represent the psychological reaotions of the teaohers, 

i:;hey measure the pupils ability and attainment in geometry. 

The tests give the student a sampling of practioally all types of 

work covered in geometry; they insure furtl1er that all pupils have a fair 

chance to make a creditable showing aocording to their ability; and they 

tend to provide a high reliability of measur~ent. 

The reliability coefficients are sufficiently high to make the tests 

val~able instruments for measuring class and indiVidual attainment. Since 

i:;he majority of students ranked in the same quartile or deviated from per­

fect consistency by only one quartile, it is concluded the teats possess 

a high degree of reliability. 
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The diversity from item. to item in the degree of accuraoy of the 

responses tends to show that the test is valid becl\usa~ 8in00 none of 1:ihe 

questions i a ans'irered correotly or incorrectly by all, it is eviden1:i tihat 

the tes';'; differentiates among students at both ends of the dis1:iributionso 

An a.nalysis of the results leads to the suggestion that geome1:iry 

teachers should give greater attention to the fundamenbe.ls in -the sUbjec,t 

and that they should require a greater mastery of these f'u11darnentalso 

Percentile~' dH'forenoes on each form of the test could be due to 

practioe effect on test mechanics or intervening study; or perhaps a. dis­

cussion of Form A had taken place before giVing Form B. 

The graphica.l representation of the distribution of soares on the 

Tests £0110'\v in general the outline of' a sy.mmetrical bell-shaped curve .. 

or the nonna1 curve. 

The statistical findings of this s-tudy clearly indicate that; the 

test is valid and rfJliable. 
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