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CHAPTER I

INTRODUCTION

Purposes o

£ the Investigation

Since there 1s, theoretically, a progression in breadth and int-

ensity of instruction in the concept of functionality from the tenth

through the twelfth grades, there should be a measurable increase in

the understanding of the function concept through these grades. The

purpose of this investigation is to determine to what extent the

students of these grades have an understanding of the concept of fun-
o) iy

ctionality and to determine
grade to grade.

In the investigation
following questions:

1. To what extent are
eleventh and twelfth grades,
two or more variables?

2. To what extent are
eleventh and twelfth grades,
express it as a relationship

3. To what extent are
eleventh and twelfth grades,
associated values?

s To what extent are

eleventh and twelfth grades,

The extent of growth of functionality from

the emphasis has been placed upon the

the students at the end of the tenth,

able to recognize a relationship between

the students at the end of the tenth,

able to interpret the function concept and
between the variables?

the students at the end of the tenth,

able to interpret a table exhibiting

the students at the end of the tenth,

able to interpret a graph?
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result of these coursss.

The Tmportance of the Study of Functional Relation-

To a great extent the develonment of newer modes of thinking and

apnroach to oroblems in mathematics has mad:

and through experimentebion confirmed this rela




3
for the first time whether he realized it or mnot of the notion of func-
tionality. Tn time, methematics began to investigate the various
possibilities of extending the relationships that had been discovered.
These investigations found expression in the technigues we call modern
mathematics.

Tn most branches of knowledge there comes a certain stage of de-
velopment at which quantitative relationships between various concupts
can be found and utilized. Once such a relationship is found and ex-~
pressed algebraically, the road is cleared for intensive study of the
topic without too much reliance upon inconvenient experimentation.

Such an algebraic expression is called a functional relationship and the
formula involved we call a function. In some cases this stage of de-
velopment came early in the civilization of certain groups of people.
Archimedes first showed how we can calculate pi and apnlied this know-
ledge to inventions based upon the wheel. His knowledge of the function-
al relationship between the ratio of the weight and the distances from
the fulcrum gave us one of the basic principles of mechanics. The con-

t possible for the Alexandrians to devise

l._l-

tributions of Pythagorus made

it}

tables of ratios of the sides of a right-angled triangle. Repid expan-
sion of trade and improvements of technicues in navigation necessitated
a simplification of certain mathematical procedures. The introduction
of logarithmic functions by Nepier and subsegquent tables by Briggs added
to the stock of functions in methematics and simplified many of the ted-

ious corputations occurring in business and industry.

Tn the Report of the Commitiee on the Function of Mathematics in




Ly
General Education two reasons are given for the importance of the study
of functionel relationship in general education. The Report states:

he first place, it helps the student to see how the concept
function has enabled scientists and engineers to gain an
effective control (or at least an explanation) of phenomena that
would otherwise seem unmanageable or mysterious. Secondly, the
fact that in some cases functional relationships exist furnishes
a standerd in tirms of which less exact relations are recognized
as approximate.

G
h

i
=

]

The céncept of the function as developed in mathematics is the essence
of all scientific studies. Both chemistry and physics cen be truly
understood only by a knowledge of the fundamental concept of mathema-
tics. The concept of the relationship of varisbles is now being used
to an ever increasing extent in industry, commerce and economics. The
rapid advencement in the first half of this century has certvainly borne
out Klein'ts® belief that the world is becoming functionally m'n&ede

To a great extent the increase in the power of mathematics as an
effective instrument in general education developed with the increased
recognition of the function concept. Although the term function was
not used explicitly in mathematical treatises until the end of the
fourteenth century, the notion of the functional relationship formed

part of the earlier mathematical thinking. The development of the re-

lMathematics in General Bducation. A Renort of the Committee on
the functions of Mathematics in General Bducation for the Commission
on Secondary School Curriculum. (New York: D. Apnleton Company, Inc.,
19h0), p.1lo,
2He Re Hamley, Relabional and Functional Thinking in Mathematics
Ninth Yearbook of the National Council of Teacrers of Mathematics (New
York: Buresu of Publications, Teachers College, Columbia University,
1934) pp. 52 - 58
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One of the objectives of teaching mathematics is the power to
do functional thinking. The training in LuﬁCﬁlOﬂ?% thinking
deserves a place in Secondary School mathemaulcs,

In the same article Breslich emphasized that, "At the Senior High School
level, the function concept may then be made the central theme of mathe-
matics. e

Hamley endorses functional thinking as the core of mathematics when he

The concept of function may be regarded as the ngtural co-
ordinating principle of all school mathematics.

Christofferson advocates teaching of functional relationships in mathe-

matics when he writes:

Functional thinking is the major contribution of mathemabtics o
the education of en individual. The use of functional thinking
in mathematics is g method of emphasizing and obtaining insight
and understandingelh

Georges makes a further appeal for increased emphasis upon teaching

functional thinking when he writess
While functional thinking is not essential to humen living, it
is extremely essential to Iiving in a world based upon scientific
discoveries and inventions. If the art of functional thinking
ch racterizes the scientific thinking of an individuel, then the

P4

p—

llE° R. Breslich, Articulation of Junior and Senicr High School
Mathematics, Highth Yéarbook of the National Council of Teachers of
Mathematics (Wew York: Buresu of Publications, Teachers College,
Columbia University, 1933), pvne. 12 - 13,

12

Ibid., p. 13

"“Hemley, op. cit. p.l13

1l

H, Co Christofferson, Teaching Functional Relationships in
LZlementary Algebra, School Science and Mathematics, vol.39 (May, 1939)
Do Ol1e
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development of functional thinking should be a primary objective
of our mathematical instruction.

In e discussion on the solution of problems in elementary algebra, Kinney
maintains that "Elementary algebra should be a model of ‘functional think-
ing."lé

These quotatiors from leading educators indicate the importance
that has been placed wpon the function concept in the development of
nathematical thought and would justify an investigation into the growth
of functional thinking by senior high school students from grade to
grade.

It would be of interest, at this noint, to consider the present
status of the function as a unifying factor in mathematics. Tive fac-
tors must be considered in determining the present status of the function
in high school mathematics and in the evaluation of the impact a know-
ledgé of that concept has upon the mathematical growth and insight on
students of mathematics. In brief the factors that will be discussed
in subsequent pages may be summarized under the following headings:

1) The Interpre tation of the Concept of Functionality.

2) Progress that has been made in devising texts and courses

that use the functions as the unifying element.

15 . . s R .
2J. S. Georges, Teaching Functional Thinking in Mathematics,
School Science and Mathematics, vol. L6 (Nov. 19L6), pe733.

16Jacob Y. Kinney, The Function Concept in the Solution of
Problems in Fl'ementary Algebra, School Science and Nathematics, vol. L5

(Nov. 19L5), p. 655,
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3) The Formula as a Unifying Element.
i) The Tabular Method of Presenting vthe Function.

5) The Graphical Method of Presenting the Function.

1. The Interpretation of the Concept of Functionality

~ - .

One of the major difficulties in making the function the unifying

=5

sctor in mathematics apnears to be that neither the concept nor its im-
plications is fully understood nor appreciated by teachers of mathemstics.
Iemmes claims thats

The wide variations amongst teachers regarding the meaning of the
fonction concept may be a contribubting factor in the lack of em-

phasis placed upon the function concept as an instrument in teach-
ing mathematics.

et
-3

Cronbachla made an extensive investigation as to the meaning attached to

the word function by a group of 2lgebra teachers. He found that there
was by no means unanimity in the interpretation of functional situa-
tions by teachers actively engaged in the field of teaching mathematics.
Hamley in commenting upon the confusion in the interpretation of the
term function states that "Even mathematicians disagree as to what may

legitimately be called a function."l9 Hedrich, in discussing functional

17N° J. Iemnes, The Funcvion Concept in Elementary Algebra,
Seventh Yearbook of the National Council of Teachers of Mathematics
(New York: Buresu of Publications, Teachers College, Calumbia Univer-
sity, 1935), p. 55.

18

" lee J. Cronbach, What the Word Function Means to Algebra
Teachers, Mathematics Teacher, Vol.56 (lay, 1913), pp. 212 - 218.

.
”9Hamley, op. cit. ».13
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thinking, states that "The greater part o
functional ideas. 120
Many leading authorities in the teaching of mathematics have

atvempted to interpret the notion of funciions in the hope that a
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effect a more skillful adeptation in its use and greater recognition and
interpretation by students of mathematics.

Georges commented as followss
Functional thinking embodies the lowing characteristics which
must constitute the basis for the establishment of correct habits
of thinking in general, namely: the recognition of dependence and
the consciousness of tho existence of functional relationship be-
tween quantities and ideas, the utilization of +the qua mtitative or
scientific method of procedure in the determination of data for
the recognition and underqten01ng of the nature of the relats fonship
between the factors of a phenomena and Tinally the symbolic repres-
entation of the results of obsprv@twon, mensuration and experiment-
ation, and the statement of the discovered relationships in terms
of mathemetical symbols as precise, general laws.

"ol
25

He states further thaot functionality is inherent v present in the process

of mensuration, degree of accuracy, approximations, variation in the size

.

and shape of geometric figures, in similarity and congruence and that
functionality is manifested in the study of variation, correspondence
tabulation, graphs, evaluation, transformatio on, variance and limibs.

Kinney states that "wherever we find the dependence of one thing

20, . . W
E. Ro. Hedrich, Functional Thinking, School Science and Mathe-

matics, vol. LO (Aor i1, 1940), v. 35l

21 . . .
J. S. Georges, Mathematics in the Junior College, School
Science and Mathematics, vol. 37 (March 1937), p. 307.
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' - , . o . oy s s 2
upon another, there we find the principle of functionality exempllllea,"g

A more recent interpretation was made by Bent and Kronenberg who
say that:

Function refers to a method of thinking: that is, in seeing and
understanding interrelationships of time and Sp%%@, continuity,
limits, variables, motion, position and rhythm.

Christofferson defines the term functional thinking as follows:

Whenever two sels of guantities or wvariables are so related
that knowing one of them determines the other or enables one
to figure out the other, we say that there is a functionel re-
lationship between the quentities. Whenever I am able to
analyze this relationship to the point vwhere I am able to ex-
press it as a formulg or a graph, then I have completed my
functional thinking. L

In & further discussion he emphasizes the fact that functional thinking
asks two questions that in the process must be answered. Such questions
L

as upon what quentity or gquantities does the one quantity in which we

ars interested depend, and, what is the precise manner in which it de-

[

pends upon the other or others are the stepping stones for functional
thinking.,

Georges, commenting on the topic says thaet "functional thinking

22
J. M. Kinney, The Function Concept in First Year High School

Mathemstics, School Science and Mathematics, vol. 21 (June, 1921), p.5hl

3 - s -
Rudyard K. Bent, Henry Kronenberg, Principles oif Seccendary
Education, (New York and Iondon: McCraw Hill Book Co., Inc., 19L1),

Poe 205 - 266.
2l

H, C. Christofferson, op. cit. p. 61
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1l
has been made. Breslich writes that "it is now generally agreed that
training in functional thinking deserves a place in secondary school
methematics., 127

Mayor, in 2 paper vpresented to the Illinois Association of the
National Council of Teachers of Mathematics commented on the increased
emphasis that is being placed by mathematics teachers upon the function
concept and the greater understanding of the concept by students. Com-
menting on the improvement in College mathematics he saids

I believe that the fine work that is being done toward improv-

ing the teaching of high school mathematics is having an effect

v the teaching of college methematics through students who come
to college richer in relational thinking experiences.

2. . Progress in Devising Texts and Courses Using the
Function Concept as the Unifying Element
Many outstanding authorities have reviewed numerous textbooks in
mathematics to ascertain the degree to which writers of mathematical
texts have incorporated the function concept as the centrsl theme in the

presentation of the mathematical content.

Robinson>t reviewed the work of Breslich, Lennes and Hamley in

29E° R. Breslich, The Administration of Mathematics in Secon-
dery Schools (Chicago, ILl., University of Chicago Press, 1933), pe377

0 . - . . o
3 Je R. Mayor, Relational Thinking as a Criterion for Success
in College Mathematics, Mathematics Teacher, vol. 38 (Februsry 19L5),

p. 65

311, G. M. Robinson, An Investigation to Find the Understanding
of the Concent of Functionality in Verbal Statements and in Formulas
Mmong Students at the Junior High School Level. Unpublished lMasters
Thesis, The University of Manitoba, Winnipeg, 1936. vo. 7 - 11
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group of Florida teachers under the leadership of William A. Gaﬁer,38
This growing unrest among teachers of mathematics both over the
inadequacy of mathematical content in texts and in the method in which
- The content is presented augurs well for a more functional mathematics

in the future.

3. The Formula as a Unifying Element

The use of the formula as a factor in developing funciional

thinking is recommended by leading educators. Hemley, writing about
the formuls statess
Its importance now scems to be generally rec b“17ed,
n

11v 1
modern texts follow the lead first given Dy Nunn and 1
formula in the forefront of their teack ﬁngaJ9

Hedrich in discussing fu

5

ctional thinking says that:

[_\.
(D
o
ot
o
0]
[N

Modern theory of education emphas e integration of re~

lated thinking. The L@COgﬂlthﬂ of tho dependence of the re-
quired cuantity unon those that are siven and the formulation
of the nrecise manner in which it depends unon the given ones,
is certainly functional thinking and the most vital thing in a
problem. Ivery problem is to be made the backgroun

for func-
tional thinking and the formula is to be the slave.lO

Van Zyl calls the formula the core of mathematics and states that "the

teacher who fails to build his algebra courses around the formula, also

38W1711am Ao Gager, Funcional Mathematics -~ Grades Seven
Through Twelve, Mathematics Teacher, vol. LL (May 1951), pp. 297 - 301.

3amiey, op. cit. p. 119
Lo

4

Hedrich, op. cit. p. 350
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i~y

ails to give his pupils a clear ides of what algebra i, kil

Further emphasis that has been directed toward the formula in
recent years appears to indicate that something is lacking in the
method by which the formula is presented in the teaching of function-
ality. Henderslop in reflecting uoon the inability of studends to
experience success with verbal problems suggests that "Algebra should be
made meaningful through the recognition and representation of functional
relations between variable quantities,"L|2 He advocates that a more eff-
ective program in functionality introduced with the Formula would re-
sult in a greater understanding of verbal problems. Murray, in an
article on the problems_of reading in mathematics maintains that the
"problems of recognizing relationship expressed by the formula, equa-
tion and graph are seriousq,"h'3

Breslich in discussing present curficular trends in mathematics
presents the various aspects of the formula that should be taught as
follows:
1. A formula is a shorthand rule. Many formulas should be
derived by the students.

2. A formula is an algebraic way of expressing relationships,
such as dependence of one variable on one or more others.

hlAbraham J. Van Zyl, The Formula - The Core of M gebra,
Mathematics Teacher, vol. 37 (Dec. 19LL), p. 368

L2

' Henderslop, op. cite po 121

hBW‘alter I. Murray, The Problems of Reading in Mathematics,
School Science and Mathematics, vol, Lo (dJam, 1945), p. 58.
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Jackson in a study of the relation e twesn the table, verbal
statements, formula, and graph outlined certein objectives that are in-

volved in the interpretation of data. He listed the following abili

ties

1. Ablllty to perceive relationships in data evidenced by

1.1 An understanding of the meaning of symbols employed.

1.2 Ability to find the value of a variable when the other
variable (or variables) is knoun.

1.3 Ability to perceive the relationship between two calcu-
lated values of dependent variables when the indepen-
dent variable is increased or decreased.

1. Ability to relate steepness of slone in line graphs to
rate of change.

1.5 Mbility to relate like characteristics in different
tVDQS of data.

2. Ability to recognigze the limitations of data as evidenced by

2.1 Abilities to recognize and use the kids of data aporo-
priate for particular situations.

2.2 Ability to extrapolate.

2.3 Ability to Interpolate.

2.1 Recognition of the domain of data.

3. Use of experimentation to discover relationship as evidenced

by . ’ .

3.1 Recognition of necessity for accurate measurement in
securing reliable data.

3.2 Recognition of necessity for representative sampling
before making general statements.

3.3 Ability to fit data (approximately) to a curve. L8

The tébular method mekes a substantial contribution to functionsal

thinking by emphasizing the notion of variation and the notion of depenw
dency between numerical data. It is a potent tool for the interpreta-

tion of hoth the formula and the graphical representation of  functions.

8
b Witliam N. Jackson, What Can be Done in Algebra? School

Science and Mathematics, vol. L2 (February 1942), pp. 142 - 156,
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Reeve, in the Final Report of the 1ittee as published in the
Fifteen Yearbook recommends that "greater emphasis should be given

o

g — . .
to the graphic study of formulas and ecuations."’* Bagle, in a review

vtion by the

o
o
Q
0

Bducation, The

Association of
ﬁa l“naW Poumcvl

f] P




b

23

cucation Assoclation quotes from their work as follows:

The grephical method of presenting date has recently become so
prevalent that the ability to interpret the common types of
graphs occurring in newspapers, magazines, and books may be con-
sicdered as a necessary extension of the basic reading skills.

Hartung and Erickson in an analysis of activities that should be

considered in graphical representation states that:

If graphical methods are to be made more effective, the student
must le arn not only the purpose of different forms of represen-
tation of date but also certain principles which influence the
interpretation.-

Hamley writes as follows:

The greph is one of the most useful instruments of functional

thinking. The conception of the graph . . . . is essentially a
mode of think%pg and as such should be an integral part of the
21

whole course,

By nature, the graph is essentially functional and Murray enumer-

ates the following abilities involved in understanding grephical repres-

entation:
a) To understand the title.
b) To understand the meaning of the reference axes.
¢) To understend the scale and symbols of graohs.
d) To recognize the change in one variable corresponding to
a change in the other variable.
e) ‘To get the facts portrayed in the graph.

Sgﬂagle, op. cib. p. 127

53

Maurice L. Hartung and Robert L. Erickson, Graphical Methods

in Science and Mathematics Teaching, School Science and Mathematics,

vol. 50 (Feb. 1950), p. 202,

b . . s .
SLHamley, Relational and Functional Thinking, op. cit. e 118




£) To interpret the facts derived from the graph.
g)  To restrain the interpretation within reasonable limi
provided by the graphical data. 5

Breslich attaches 2n ad’itional importance to graphical rey

entation in his review of curricular trends when he writes:

2l

Us

. they

-‘.

Tnstruction in graphical technigues is imporbant beceuse
are widely used to clarify statistical Tacts, to meke comoeri=
sons of data, and to disclose trends. The folTOﬁtnﬂ abil

should be developed.
a) To read, understand, and interpret graphs.

ities

b) To make comparisons betwesn data represented by bar graohs.
¢) To recognize trends reflected in line graphs and to note

rena

central tendenc:Lesw

d) To construct simple tisticel ¢
pose of gttaining a better understand ding of graphical
nicues.

mes of activities

nection with the use of graphs. These they list as followss

value of an item of
2} The relationship between two
from a graph.

3) lore general relationships or trends among several it

data may sometimes be inferred DV the aid of a gra _‘L‘l’la

gl grenhs mﬁinly'Qor the pur-
t

tech-

in con-

1) A graph may be Tbad to determine at least sporoximately the
d

cems of dats may be observed

ams of
57
~

By the above references to writings of many outstanding education=-

alists the nosition of the function at the level of high school

mathena-

tics is receiving serious consideration. Furthermore attention has
= 5

Ssﬁurrayj on. cit. pe 58
b6Breslich, op. cit. pe 67

Hertung and Erickson, ops cite. p. 200
: op. ¥
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been dravm to the chief weaknesses in the development of the function
concept, and to some of the improvements in relational thinking thet

4

have been effected through the effort of outstanding teschers and
writers on the subject and to indicate some of the current trends to-

ward a better understanding of the concept of functionality. Further

=

assessment of the degree of improvement in the understending of the
concept may be found either by standardigzed testing or by investigations

along the line which is presented in the following pages. There appears
[} T - o b g wa

)

to be a dearth both of standardized tests dealing with the functions in
mathematics and of imvestigations into the ability to do functional

thinking by students at the hizh school level.




CHAPTER II

THE DEVELOPMENT OF A TEST FOR EVALUATING

GROWTH OF THE FUNCTION

It is the purpose of this chapter to outline the procedure that

was followed in constructing the test used for this investigation, in

the administration and scoring of the test.

)

The Construction of the Test - The original testing program began
during the 1952-53 school year. It was considered desirable that a test
or tests be constructed cbvéring the following phases,of competency in
the function concent.

1. Recognition of functional relationship between two or more
quantities and the abilify to express that relationship as a formula.
There were forty questions in the first test and the range of questions
covered a much larger area than do the questions ofvsub—test IT in the
final draft of the test. The test was primarily experimental to determine
the possible range of functional relationship that might be included in

the Tinal draft and the procedure to be followed throughout the final test.

The type of questions used is illustrated by the following examples

"An express agent wishes to determine the total weight (T) of a
number of articles each weighing the same amount. What information would
be required in order to determine the total weight?!
The students were expected to state:

1. The weight of each article (W)

2. The number of articles (M)

The expected formula is T

[if]
%
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2. Recognition of how a change in one variable affects another.
The attemot in this phese of the testing program was to determine in
what ereas and to what extent the students were able to visualise and
interpret how changes in one or more variables affects ahother variable.
In this test there were sixteen groups of five guestions each covering
such areas as direct, inverse and joint variation. Multiple choice type
questions were used for this test and the students were instructed to
circle the correct answer. The answers to the questions represented
either the number of times or the amount by which one variable will
chenge in the light of 2 change in another variable. An examole of
the type of question used is as follows:

he total cost (C) of 7 pounds of meat at "p" cents per pound

may be represented by the formvla C = Tp. What would be the
change in C if:

(2) p is doubled? 2, 3, u, 5, 6

(b) p is increased by 10 cents per pound? 50, 60, 70, 80, 90.

3. Changing the subject of a formula. There were thirty ques-
tions in this test and in each question the students were given a formula
and instructed to re-arrange the formula in terms of another variable
expressed in the formula. An exemple of the type of question used is
given below:

Given Formula Instructions New Formulsa

C =np ywirite the relationshin in terms of p D =




ew problem situatsi

as follows

1is as

n

T
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These tests were given to two classes of grade ten students,

ot

wo classes of grade eleven students and to one class of grade

fg

16}

twelve students. 1In each case the tests were administered by the

same teacher who was also the mathematics teacher for these grouns of

students. Each of these tests was then scored with one mark assigned
for each correct response. In the case of sub-test IT where each question

vided into five parts one mark was assigned to each part. In the

Q.

Wa S
initial scoring of the test results, two score sheets were made for each
of the six tests. The test papers were arrsnged in order of the attained
scores with the highest score on top. The students!' nemes were typed
along the side of the score sheet and the question numbers along the top.
For each incorrect response or omission of a question, the appropriate
cuestion number was blacked out. This score sheet served two purposes

in that it gave a general pattern of the difficulty of the individual

o

st

items on each test and secondly, it facilitated comparison of .
performances by students and formed the basis for comparative analysis
of test items. A second score sheet was devised for the purpose of
comparing the top and bottom twenty-seven percents of the population
tested. Along the side of the score sheet was typed the name of the
student who attained the highest score on the test and immediately belaw
apneared the name of the student who had the lowest score on the test.

For the next group the student obltaining the second highest score was

coupled with the student obtaining the second lowest score. This

jo)e]

grouping was repeated until the top and bottom twenty-seven nercents

of the population tested were grouped. Along the top of the score sheets
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was typed the number of the test questions. Any question answered
incorrectly by the student was blocked out oprosite his name. For this
initial testing program no attempt was made to determine the reason
for or nature of the error. Fach test was regarded as an abilily test
and no time limit was imposed. Omissions on the test were recorded
as errors. From this second score sheet it was possible to determine
the number and nercentages of correct responses for both the top and

bottom twenty-seven percents of the population for each item in the
test. Flanagan's Tablel was used to determine the item validity
coefficients from the percentages of successes in the wper and lower
twenty-seven percents. An interesting feature of the initial tests

was the rangé of item validity coefficients in each of the tests that
were administered in the initial testing program. For Test I, "The
Ability to Recognize Functional Relationships between two or more
quantities,”2 the item validity coefficients ranged from .11l to 7L with
approximately two-thirds of the items between .50 and .59. For &he
second test, "Recognition of how a change in one variable affects an-
other," the range waé from -.23 to .80. On four items sppearing in the
test a negative item velidity coefficient was obtained. Obviously, on
these four items, the students in the lower twenty-seven percent of the

‘population tested had a greater percentage of successes than that of the

Lrovert L. Thorndike, Personnel Selection (New York: John
Sons Inc., 19L9), pp. 3L8 - 351.

P

Wiley

&
2Test constructed by the Author.
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stu@ents in the upper group. On two items of the test the item validity
coefficients were .00. These gix items were not used in the final dralt

the test. The majority of the items on this test ranged in validity
between .50 and .69. The items included in this test seemed to have

very high discriminating powers as evidenced by the high item validity

=

coefficients and the comparison of performance by comparative analysis.

"

For Test III, Cranzing the Subject of a Formula, the range waes from .08

Eal
1

.59 with the majority of the items having an item validity coefficient

e

betwesn .50 and .659. TFor Test IV, Deriving a Formula from a Table of
"

Values, the validity coefiicients ranged betwsen .10 and .88 with the

greatest concentration between L0 and L9. Test V emphasized the abil-

ty to interpret graphs. The item validity coeflicients ranged between

!.J-

W "’
.00 and ,89. Tor Test VI, Scme Generalized Aspects of Functionality,

the range of item valdity coefficients was between =21 and .80 with tle
majority of the test items having validity coefiicients between .60 and
.68,

By comparative analysis each question was retained or discarded
depending on how the score compared. If it was found that the students
who had obtained the higher scores were able to reply correctly to the
cquestion whereas the students with the lower score failed, then, for the
time being, the question was retdined. II[ there sesmed To be little
differentiation between the responses of students in the upper and lower
levels of achievement or, if the students in the lower levels actually

had a betber score on a particular question, that question was eliminated.
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< R

test no single item was answered correctly by all students and no single

item was answered incorrectly by all students.

A

3

i~h

e test was administered

ct
{

In September, 1953 the final draft o

to one grade ten, one grade eleven and one grade twelve class comprising

o3

ninety-six students. All but one of these students completed the test
within fifty minutes. HNin inety of the students completed the test within
forty-five minutes and the fastest student required twenty-four minutes
to complete the test. As a result the time limit for the test was set
at fifty minutes.

During the same month, the ninety-six students wrote Form A of
the Foust-Schorling Test of Functional Thinking in Matnematics,3 The
scores obtained by the students on this standardized test were correlated
with the scoresbobtained on the test used for this investigation. The
correlation between these two tests was estimated as .81l. In February,
195} the function test used for this investigabion was again adninistered
to the same ninety-six students and the scores obtained on this second
testing were correlated with the scores obtainzd on the first testing.
The relisbility coefficient for these two sets of scores was .86.

The original six tests were examined for curricular content by

Faculty of Educabion, University of Manitoba and by

three teachers actively engaged in the field of teaching high school

3Judson W. Foust, Raleigh Schorling, Fousbt-Schorling Test of

Tunctional Thinking in Mathematics, Form A (Wew York: World Book
Companyv, 19L2), '




v

inal test was re-exomined by Dr. H. L. Stein. This

:—e,

mathematics. The

test now formed the basis for the investigation.

i}

BN

The Administration of the Test - At the end of lMay 195L the

test was administered totwenty-one classes in Winnipeg and suburban

2

_schools. ™ive of the six schools in which the test was given were

Winnipeg schools. TIn the suburban school the test was given to only

X

-

three grade ten classes. Ta2ble I, page 35, shows that the test was

administered to seven grade ten classes, nine grade eleven classes and

)

the classes for this

®

five grade twelve classzs. In the selzsction o
investigation care was taken to see that the group selected was a re-
presentative cross section of the high school population in order to
control, at least to some degree, the ihtelligence factor. TFor the

puUrpose of this study it was deemed advisable to get as wide a range

as possible from both the standpoint of instruction and of student
personnel participating in the investigation.

From the standpoint of the school's estimate of the mathematical
ability of the classes selected for this investigation two superior,
three average and two below average classes were selected in grade ten,
In grade eleven two superior, five average and two below average were in-
cluded and for grade twelve one superior, two average and one below
average class was selected. For each grade the number of students in-
cluded in the superior and below average classes was approximately the

Salite
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. . e . s RSN .
experience in standardized testing. Specific instructions™ were issued

to these teachers outlining the procedure to be followed in this partic-

uler testing program. The purpose of the instructions was to standard-

ize as much as vpossible the procedure for the testing program and to
ecqualize the conditions under which the students participated in the
investigation. Wach section of the Test is preceded by a set of in-

structions which were to be read by the students and carefully followed

i~

or thet particular sub-test. In no case was the teacher to interpret

Fal

these instructions for the students or pnermitted to comment on any
ime T

individual question apvearing in the test. The time for the test was

set at £ifty minutes which did not include the time reguired by the

teacher to read the preliminary insvructions To the students. At the

iy

end of the testing period, the bocklets were collected by the teacher

end packaged.

Scoring and Recording Test Results -~ In scoring the test, one

mark was assigned for each correct response. The responses of The

egted were recorded on three score sheets. (One score sheet

(624
d-
<
Qs
o}
3
pr
[}
s

o

was used for each grade. These score sheets formed the basis for

[0)]

each grade and one for each

=y
e

eighteen additional score sheets, one fo
of the six sections cf the test. On these score sheets the total correct

responges for bovs, girls and total of bovs and girls were recorded for
f> s & P o

each cuestion of the six sub-tests. Xach score sheel also contained 2

See the Apoendix for the complete instructions.
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distribution swmmary of the Total number of correct responses for that

particular sub-test and at the end of each sub-test a combined dis-

tribution swmary for the three grades. These score sheets were later

used in comparing the performance by the students in each sub-test on

a grade-sex basils, on a grade to grade basis, and, in estimating the

possible growth in the function concept from grade to grade.
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For comparative purposes a further a

was necessary. Table IIT is a2 summary of

means_for the entire test used in this investigation.

TABLE TIT

SANS FOR THE

L0

nalysis of the results

the grade~sex and grade

5 GIRLS AND BOYS FOR HACH

O THE HIGH SCHOOL \xnf\_D:‘: AND ¥OR THE
ENTIRE PROGRAM
Grade Sex Number of Mean S.E.
Students i
X Girls 133 39,09 o Ol
Boys 81 39.05 1.19
Girls & Boys 21l 39.09 .73
XI Girls 99 L1.16 1.28
Boys 151 L8.79 .93
Girls & Boys 250 L5 Th .80
XII Girls 51 L6.72 1.21
Bovs 80 55.87 1.09
Girls & Boys 131 52,31 .86
X-XIT Girls 283 11.18 61
Bovs 312 18,08 «69
Girls & Boys 595 s 78 .55
This table should be read as follows: In grade ten there were
133 girls who participated in bhc investigation whose adjusted mean
score was 39,09 # 9h standard error of tne mean, etc.
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s and boys from

grade to grade. The tsble indicates that the mean score for the

v

girls ancd boys is practically the seme 2t the grade ten level. For
the imnrovement in the mean score from grade ten to grade
eleven is 2.07 score points and from grade eleven to grade twelve the

increase is 5.56 score points. On the other hand the improvement in
the mean score Tor the boys is much more pronounced since the im-

provement in the mesn score from grade ten to grade eleven is 9.7hL

score points and from grade eleven to grade twelve 7.08 score noints,

a_.X .

The mean =scores for each group of students in Tebie IIT is
only a sample mean snd is only one of the possible velues that might

srise through a random sampling of the high school population. Table

indicates the probable range within which all of these

.J-

TV, page L2,

possible means will lie. In each case the range is for a confidence
B 1

level of .01.

At the grade ten level there is considerable overlapping in

B

the distribution of scores for the girls and boys. At this grade level

there apnears to be no significant di

[N

fference in the performance of

girls and boys in their ability to do functional thinking. A further

examination of Table IV indicates that the range in mean scores is

1 R . B .
Henry ®. Goarrett, Statistics in Psychology and Education,
(Wew York: Longmans, Green end Company, 1947), p. 190

TR Ry

g
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THE PROBABIE RANGE WITHIN WHYCE ALL POSSIBIE SANMPIE MBANS
WILL LIE AT THE ONZ PERCENT IEVEL OF COWFIDENCE

Grade X Grace XI Grade ¥IT Grades X = XII
Girls  36.69 - Lh1.L9  37.89 - LL.L3 13.63 - 119,81 39.62 - L2.7h
Boys 36,01 - 12,09  L6.L1 - 51,17 53,09 - 58.65 h6.32 - L9.8L
Total 37,13 = L0.95  13.70 - L7.78 50,31 = 5,51  L3.38 - L6.18

)

This table should be resad as follows: In grade X the range fo
the vossible sample means for the girls at the one percent level of
confidence lies between 36.69 and L1°495 ete.

practicslly the same for the girls and boys. It should be noted that

there is a possible overlaoping of the mean scores for the girls from

/\J

ograde to grade. This is particularly noticeable for grades ten and
eleven. On the other hand the possible mean scores for the boys do not

or the

[ Y

‘25
jAe]
H
[0}
o
ct
[
[
[

7 ey v - 3 ~
overlap. The improvement from grade to grade has been

boys as compared to the improvement in the mean scores for the girls.

A further comparison of the performance between the girls and
bovs within the grade is presented in Table V, »age 3. This table
presents the following additional information: The differences between
the mean scores of the girls and boys for each grade, the standard
deviation of the scores for the girls and boys in each grade, the dif-
ferencesbetween the standard ervors of the means, the critical ratio
and whether or not the differences between the mean scores are sig-

nificant at the .01l co dence level.




L

Sex NO W P 1 S.0D. Seie C.R.
m
Coess Score 7. o
¥ Girls 133 39.09 10.9 .Gh
Bovs a1 39,05 0L 10.7 .19 1.51 .03 N, S
X1 Girls QG h1.16 12.8 1.28
o ; - ~
Rovs 151 18,79 7.523 11.5 .93 1.58 Li.19 .01
¥II Girls £ Lhé.72 .45  1.21
b "~ T 7
Bovs 80 55,87 9,15 9.77  1.09  1.62 5.65 0L
. e - e
~XIT Girls 282 10.2 01
. £
Bove 12 18,08 6,90 12.2 69 .92 7.50 LOL
table should a2z fol ows: rade ten the number of
Cas rls and boys is 133 the
39. ©.05, the difference n
Ol andard deviation of U a
10. e he fer
the eran
twean 2
3 constants 2V
; B .

cont
existe.

igation




Lk,
Tn a normzl distribution approximately 68,26 per cent of the
scores lie between the mean and plus and minus one standard deviation
2

of the scores. In grade ten this percentage of the scores would lie

between 28.19 - 19,99 and between 28.35 - L19.75 for the girls and boys

4

espectively. In grade eleven the range is between 28.36 - 53,96 and
37.29 - 60.29 respectively, and in grade twelve between 38,07 - 55,37
and 16,10 = 65,6l for the girls and bovs respectively.
high school grades the range for the girls is 30.98 - 51.38 as compared
to a range between 35.88 - 60,28 for the boys. A significant factor as

_,_‘

revealed by this information is that whereas the performence for tre boys

and girls is the same at the end of grade X, the girls al the ena of

5]

grade XII are not performing quite at the level of the boys at the end

GarrettB states that for a distribution zs lerge as the one used
in this investigation a critical ratio of 1.65 is reguired at the .10
confidence level. The critical ratio for the girls and boys at the grade
ﬁen level was ,02. This critical ratio falls far below the required ratio
of 1.65 at the .10 confidence level, and consequently the difference be-
irls and boys at the grade ten level is not sig-

tween the means of the g

"
>

nificant. There is no difference in the mean performance of the girls and
boys at the end of grade ten in their ability to do functional thinking.

s .

On the other hand, we have a2 critical ratio of .19 and 5.65 in grades

2
Tbid., p.115

BIbid,, Do 190
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Number
Grade of Mean o S.D. Se Zo S.B,  CuRe
Com e T aiff
Cases Score -
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XT 151 118,79 11.5 .93

¥IT 80 55,87 7.08 9,77  1.09 1.h3 .o
X 81 39,05 10,7 1,19
XIT 80 55,87 14,82 9.77 1.09 1,61 10.l5 .

m

Thizs Table reads as Table V1.

hat a true
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high school grades. 1In each table the following informetion is

presented:
(2) The number of guestions in each set.
(b) The number of girls and boys participating in the test.
(¢) The mean scores for each sex.
(4) The differences between the mean scores.
(e) The stendsrd deviation of the me2n scores for each sex on
TABIE IX
COMPARISON OF THE MEAN PERFORMANCES FOR THE GIRLS AND
BOYS OF GRADE X IN BACH OF THE SUB-TESTS
Sub-~ Number No. ¥ean . s N C.R Sig.
Test Sex Cases Questions Score De SeDs SeBe “Hyipp 0 Level
I Girls 133 10 7,48 1.25 11
Boys 81 10 7.58 .10 1.36 .15 .18 .55 . 8.
I Girls 133 11 5.55 2.95 .26
Boys 81 11 5,02 .53 3.01 .33 A2 1.26 W. Se
TII  Girls 133 2l 1. 77 5.0L oLl
Boys 81 2l 14.59 .18  lL.62 .51 .67 27 . Se
IV Girls 133 6 1.79 1.71 .15
Boys 81 6 1.87 .06 1.9L e 22 .26 023 V. S.
vV Girls 133 5 1.76 1.26 A1
Boys Ol 5 1.h8 .28 1.1k .13 A7 1.6k Mo Se
VI Girls 133 1h 7o 6l 2.93 .25
Boys 81 1L 8.52 .88 3.1L - .35 .53 1.66 W S
The Table reads as Table VIIT,
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each of the sub-tests.

Q
o]
D
;J .
[eN
0]
]
Q
0]
o

Table IX, page 50, reveals that there is no statistical signif-
icant difference between the mesn performances of the girls and boys at
the grade X level. This confirms information that was obtained in the
previous chanter but, in addition, reveals the fact thab there is no
one arsa of the entire test in which either the girls or bovs have a

marked difference in their mean performance. For no sub-test can we

say that a2t the 0L level of confidence the mesn performance of one or

the other sex is bebter. The greatest variation appears to be in sub-

o

where critical ratios of L.6L and 1.64 respectively

N

|

tegts T an

a3

ndicates that at the .10 level of confidsnce there may be a difference

[N

in the mean perfo“mance of the girls and boys in these areas.

Table X, page 52, presents an entirely different situstion. Tn

"

T the six sub-tests the mean performance of the boys out-

With eritical ratios of 3.2

1
Q
+3
o2
[}

the girls. tter, we may
be very confident that the bovs are reslly superior to the girls in

thich this claim cannot be made is

3

mean atbainment. The only area fo
for sub-test V. Apparently there is no significant difference in the

cerrormance of the boys and girls to derive a formula from a table

mean
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mean scores. 1In the first four sub-tests the girls have made the greater
gain as in each case the difference in the mean score between the girls
and boys has decreased to a marked extent. In the first two sub-tests,

where there was a significant difference in the respective mean per-

jo N

formances between the girls and boys

m

t the grade eleven level, there is
not a sgignificant difference in their mean performences at the grade
twelve level. The teble shows that the results are not statistically
significant at the .01 level of confidence. In Sub-test V there has been

o
L

an increase in the mesn scores Lor both sexes bubt the difference between

COMPARTSON OF
BOYS OF
Sub- o No. of Mean Sig.
Test  Sex Cases Ques~ Score D S.D. S. B, S‘Ea'ff CeRe  Level
tions m LIt
T Girls 51 10 8.17 -1.00 o1l
Boys 80 10 8.36 .19 1.01 L1l .17  1.18 Ve S
IT  Girls 51 11 7.67 1,90 027
Boys 80 11 8.31 .6 1.99 .21 3h 1.88 . S.
IIT  Girls 51 2l 18.73 3.82 .53
Boys 80 2l 20,63 1.90 3,15 .35 A3 3,01 .01
TV Girls 51 6 2,63 2.07 .29
Bovs 80 6 heo27 1.,6L 1.84 .20 235 1.57 .01
¥ Girls 51 5 3.49 1.97 .28
Boys 80 5 Lo12 .63 1.39 .16 31 2,03 V. S.
VI Girls 51 1 6.02 L. 77 66
Boys 80 1 9.98 3,96 3.86 b3 .78 5.08 0L

This table should be read the same as Table X
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their means has not been sufficiently great for a2 confidence level of

&

'

.01. TIn three sub-tests the boys have maintained their superiority of

performence. In particular, these areas are as follows:

(2) The recognition of how a change in one variable affects

another,
(b) The 2bility to change the subject of a formula, and
(¢) TFunctional relationship as expressed by graphical re-

nresentation.

The second group of tables comprises Tables XII, XIIT and XIV.

B

The nrevious sebt of Lghles cormared the mean performances of the boys and

zirls at each of the three grade levels. The second group of tables

1

corpares the mean performance for each sex and for the total population

4

tested from grade to grade.

o
@]
&
5!
ct
=
®

Table XIT, page 55, reveals that in Sub-te

=i

%
QJ
o
[©]
e
®
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O
]
b
3
o)
i
®
0
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ten had a higher mean score than the girls o

VI, the girls of grade eleven had a higher mean score than the girls of

grade twelve. In the latter case, the decrease is sufficiently alarming
to make it statisticelly significant, at least, at the .05 level of
confidence. In comparing the mean scores of the girls in grades ten and

Eag

eleven, the ability to derive a formula from az teble of values shows the

only real gain made by the grade eleven girls at the .0l confidence level

The greatest gain has been made by the grade twelve girls as in four of

the six sub-tests the differences of the mean scores are significant at

the 01 level of confidence. There agppears to be no significant change
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Sube- Number Mean Significance
Test Grade QCases Score D S.De Se e Sele, .. Cello Level
T aiff.
T X 133 7.48 1.25 .11
XI 99 76)4)‘!» ““’QQLL 105? 516 619 “"021 NeSs
XTI 51 8,17 .73 1.00 o1l .21 3.148 .01
1T X 133 5.55 2.95 .26
pa 99 6,29 T 2.89 .29 .39 1.87 . S,
XIT o1 7.67 1.38 1.90 .27 .39 3.5L .01
I1T X 133 1h.77 5.0l il
X 99 1L.95 .18 5.35 .53 68 27 M. Se
XIT 51 18.73 3.78 3.82 .53 .75 5.04 .01
Iv X 133 1.79 1.71 .15
XTI 99 2,26 A7 1.85 .18 e 23 2.0L NaSa
XIT 51 2.63 37 2,07 629 o33 1,12 N. Se
v X 133 1.76 1.26 J11
XI 99 2.57 81 1,63 .16 +19 L.26 .01
XIT 51 3.h9 .92 1.9 .28 0 32 2,87 .01
VI X 133 7.6k 2,93 .25
X 99 7.69 .05 .18 L2 118 .10 . 8.
XIT 51 6,02 -1,67 L.77 66 .78 2,1 =03
The table should be read as follows: For sub-test I, 133 grade ten
girls attained a mean score of 7.48 with a standard deviation of 1.25, a
standard deviation of the mean of .1l. Tor grade eleven, 99 students at-
tained a mean score of Tdili, a decrease of .OL in the mean, a standard
a1 b o

~

L
e of .19, critical ratio of .21 and
vel of confidence, etc.

L)

the scores are not significant

a3 Oy
C-}« }_J-
o

)

L)

Q0
lr___]

t,._l

0]
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Table XIII compares the mean scores of the boys on each of the
sub-tests from grade to grade. 1In four of the six sub-tests we may say
that =2t the .01l level of confidence there has been a real growth from
grade ten to grade eleven and from grade eleven to grade twelve in the

ability of the boys to do functional thinking. From the rzsults obtained

TABIE XITIT

RFCRMANCE OF THE BOYS ON BACH OF THE
SUB-TESTS FROW GRADE TO GRADE
Sub- Number Mean Significance
Test Grade Cases Score D S.D.  S.EB. Sefig. .. C.R. Tevel
m diff,
I X 81 7.58 1,36 .15
T 151 8,1 .56 1.36 11 .27 2,07 .05
XIT 80 8,36 .22 1,01 .11 .15 1.L6 Mo 3.
1T X 81 5,02 3.01 .33
XT 151 7.6 2.0 2.hl .19 .38 6,02 Nox!
XIT 80 8.31 .85 1.99 .21 .28 3.03 .01
T X 81 1).59 L.62 .51
XT 151 17.82 3.23 L.67 .38 .63 5.12 .01
XIT 80 20.63 2.81  3.15 .35 .51 5.51 .01
v X 81 1.87 1.9 20
XT 151 3,03 1,16 1.97 .16 .27 11,29 .01
XIT 80 h.27 .24 1.8L .20 25 .96 Roxl
v X 81 1.1L8 1.1 .13
yai 151 2,92 1.hh 1.L6 .12 .17 8.7 L0l
XIT 80 Lio12  1.20 . 1.39 .16 .20 6,00 Neil
VI X 81 8,52 3.1 .35
¥I 151 9.38 .86 3.79 <31 o 116 1.87 V.S,
XIT 80 9,98 .60 3,86 13 .53 1.13 N.S.
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in sub-test I, it would anvear that from the viewpoint of a generaligzed
tionality, the boys attain a fairly high standard of
performance aiter which the increase in the mean score is less pron-
ounced as compared to the other sections of the test. The results also
show that the boys atbain a more pronounced increase in their ability to

the

i")

anply function concepts expressed in Sub-tests TI, III, IV and V.

In no case was there a decrease in the mean score throughout the three
grades tested. TWith one exceotion, the increase in the mean scores was

~

reater for grade eleven than what it was for grade twelve. Although
fan)

O‘Q

ct

there was an increase in the mean scores from grade to grade in the.

ability to recognize funcitional relationship as expressed by graphs, the
increase was not significant &t the .0l confidence level

Table ¥IV, page 58, indicates a measureable increase in the ab-

®

ility to do functional thinking from grade to grade in each srea of the
entire test excent in the ability Lo interpret graphicsl representation
of functional relationshins. In this particular sub-test, we actually had
a decrease in the mean score at the grade eleven level. Generally, the

increase in the mean scores for the entire population tested is fairly

here a difference greater than 1.5 points.

ct

regular as in no instance is

In sub-tests I and IV, the increase is constant. For the first five of

(N

&

the six sub-tests the increase nean performance of the students in the

6}

three high-school grades is significant at the .01 confidence level.

The third grouns of tables comprises Tables XV, ZVI and XVII.
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TABLE XTIV

TESTED FROM GRADE TO GRADE ON EACH SUB-TuST

Sub~  Grade No. of lMean Significance
Test Cases Score D S. Do Sely  Selly, .. CoRe Tevel
n aiff,
T X 21h 7,52 1.29 .08
YT 250 7.90 238 1.9 L09 .12 3,16 .01
XIT 131 8.29 .39 1,01 .08 212 3.25 .01
TT bl 2L 5045 2,99 .20
X1 250 7,08 1.63 2,58 .16 .26 6,27 .01
¥TT 131 8,06 98 1,98 .17 .23 L, 2% L0
1T X 21 1h.71 .90 .33
XTI 250  16.73 2,02 5,16 .33 116 139 .01
XIT 131 19.89 3.14 3.55 .31 L 7,02 .01,
v X 21k 1.82 1.79 .12
XT 250 2.75 90 1.97 .12 .17 5,29 Roxl
XITI 131 3.63 .88 2.09 .18 W22 11,00 01
v X 210 1.67 1.22  ,08
XT 250 2.78 1.11 1.57 .15 .17 6.53 01
XIT 131 3.87  1.09 1.67 .1k .20 5. L5 .01
VI X 21l 7.97 3.0h 63
XT 250 T7.8L ~.13 3.63 .23 .67 -,19 V. S.
XIT 131 8.1 60 165 Ll N7 1.27 N. S

The Table reads: Llike Table XITT
These tables show the mastery coefficients for the girls, boys and total
population respectively. For each test the total possible, the actual
number of correct responses and the resulting me stery coefficient has been
determined for each grade and for the entire high school nonulation tested,

together with the ranking of the test for each grade and for the high
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TABLE XV

THE WUMBER AND PURCENTAGE OF CORmECT ?QDO SES FOR THE
GIRLS TOGETHER *ITH MASTE ¥ Gﬂ FHTCIENTS

Grade (OGrade  Grade Grades Ranking
X T XTT X-XIT X X XIT X-XIT
Sub-test T
No. of questions 1330 990 512 2830
No. correct responses 99 736 b18  21ho

Mastery coefficient 7h.81  7he3l 81,96 75.9L

}._J
}_I
x._J
}.J

Sub~-test II

WNo. of guestions 1463 1089 561 3113

No. correct resnonses 7L8 626 392 1766

Vestery coefficient 51,12 57.h8 69.87 56.73 L3 3 3
Sub~test TIT

No. of questions 3192 2376 122 6792

No. Correct responses 1963 1478 956 11397

Vastery coefficient  61.L9 62,20 78.10 6L.73 2 2 2 2
Sub" wes L' IV

No. of guestions 798 59k 306 1698

No. correct responses  2i0 o2l 134 598

Mastery coefficient 30,07 37.71 L3.79 35.25 & 6 5 6
Sub-test V

No of questions 665 L9s 255 135

Wo. correct responses 237 25l 178 669

Mastery coefficient  35.8L 51.31 69.80 35,35 § 5§ L 5
Sﬂb-test Vi

No. of questions 1862 1386 71 3942

Mo. correct responses 1016 766 307 2089

Mastery coefficient 5L.56  55.26  L2.99 52.72 3 L 6 L

This teble should be mad as follows: For sub-test I there were 995 out of
a nossible of 1330 correct responses and a mastery coefficient of Th.B8l per
cent, for the grade X girls, etc. Sub-test I ranks first in achievement

in grades ten, eleven and Twelve and for high school girls.
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W07 1123 68L 2191
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19LL 342l 1920 7L88
1183 2693 14L9 5505
60,85 7h.31 85,88 73,78 o 2 1
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lo. ac D 151 Lsh 3.1 oL6
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where in no sub-test is the wﬂﬂ(lnc the same for the gir
In grades ten and eleven, the rankings for sub-tests T, II, ITT snd VI
remain the same. T@cmhfdmuwsam}ﬂﬁjﬁvmdmmmsiLraMﬁmgﬁr
tests IV and ¥V at the grade ten level. With four excentions, all

R ~ (]

them at the grade ten level, the mastery coefficients Tor the bovs

Teble XVITI, page 6L, is a summary of the percentages of correct

- . . : : N

respdnses for each of the sub-teds for the entire ponulation tested.
Sub-test I ranks as the test which showed the greabest under tanding

for the entire group of students. The second easiest test is sub-test iT.
The ability to recognize functional relationship between two or more
quentities and the interpretation of row a chenge in one varisble af-
fects another seems to some extent to be generally established at the

high school level. The expression of the rela ienshipns as algebraic

n

bde
3

formulas, the interchange of the subjects of the formula in order to ob-
tain new relationshins is not develoned to the same degree. Tre inter-
pretation of a table of values is not developed to any appreciable extent
i ;LB ‘es ten and eleven but there is a decided improvement for grade XIT
students in the understanding of this concent. The table shows that the
students of grades ten and eleven are more capable of interpreting graph-
ical renresentation of functional relationshin. For the entire high school
population the mastery coefficient renkings were as follows:

(a) The ability to recognize functional relations hins between

two or more quantities.




WUMBER AND PERCENTAGH OF CORRECT RESPONSES
POPULATION T=STEI B WITE
FICIENT AND RANKING #0I

TABIE XVII

HE SUB-TESTS

POR THE

1B STERY

Sub-test I

No, of questions
Ne. of correct responses

Mastery coefficient

Sub-test II

No. of questions

No. of correct responses
Mastery coefiicient

Sub-test IIT

No. of cuestions

Wo. of correct responses
Mastery coefficient

Sub-~test IV

No., of gquestions
No. of correct responses
Mastery coefficient

Sub-~test ¥

No. of guestions

Wo. of correct responsses
Mastery coefficient

Sub-test VI

No. of cuestions
No. of correct responses

56.9L 62.37

Grade

XTIt

1310
1086
82,90

1
1056
73,28

31Lh
2605
8255)4

786

L75
60.L3

655
507
77.40

183l
1105
60.25

Grades
X-XIT

5950
1660
78.32

65L5
3960
60.50

1,280
9922
69,116

3570
15hhL
13,25

2975
1557
52,33

8330
Look
59,95

L
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(b) Recognition of how a chiange in one variasble 2 ffects
another variable,

(c) The ability to express the relationshin between two or
more veriasbles as a formula.

(@) Tunctional relationshin as interpreted through greph-

(e) The ability to change the subject of a formula.

rive a formula from a teble of values.
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CHAPTER V

A DETATIAED ANALYSIS OF THe FUNCTIONAL SITUATTCHSPRESINTED
IN THE TEST AND TrE RESPONSES TO THE SITUATION BY
STUDENTS OF THE SENIOR HIGH SCHOOL

This chapter deals primarily with the degree of success by the

students in the individusl functional situations presented by the test.

The chapter also attemts to clarify, wherever possible, the types of

errors made by the students and to give a comparison of the errors for

the various groups and grzde levels.

For Sub-test I, which dealt with the recognition of generalized
aspects of functional relationship and was answered on a btrue-false
basis, little can be deduced as to the quality of the error, but, for
subsequent sub-tests, a mee detsiled anelysis of the students' responses
is possible.

The tables of the chapter show the mastery or error coefficients
for each cuestion and, where nossible, the types of error made on each

of the seventy ouestions of the entire testing program. The following

reference list will be used for gquestion responses:
R -~ represents a correct response to the question.

represents an incorrect response to the guestion.

P4
3

A - represents an incorrect response in the recognition of

the
runctional relationship involved in the gucestion.
B -~ represents an error in setting un the recuired formula. For

this particular situation the students have been successful in deter-

mining the relationships involved but have not been zble to combine these
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.

relationships into o representative formula. Symbols A and B were

—_— s

used for Sub-test IT where two factors were involved for a correct

solution to the particular situation.
N 1 . s . . . . -
mw-test I. The Ability to Recognize Functional Relationship

between Two or lYore Voriables.

ire population Zor each grade and for the high

bty
¢t
jny
[
[0}
3
Jeaa
r-“‘

boys, and that ol

school is presented. The table also shows the performance level of each

ouestion on this sub-test from the easiest to the mest diff
From the table, five inferences mey be made. First, in simple

direct varistion, students at all grade levels have little difficulty

in ascertaining the relationship between the variables. Guesbions I, TI,

TV, VIIT and IX showed mastery coefficients in excess of elghty-two

per cent for each sex and grade. Secondly, unfamiliarity with particular
& J 2 J X

situations tends toward a pronounced decrease in the ability to visualize

-3
%)

nossible relationship. was particularly true in questions such as

"in increase in the number of pages in a yearbook decreases the cost of
publishing the book!", or in a situation such as "The rate of depreciation
on a machine depends upon the length of the expected 1life of the machine.!

This information seems to indicate that the range and scope of the fun-

ctionsl syperiences at the senior high school level is somewhat limited.

3

hirdly, depth in functional thinking scems to be lacking in the pop-

ulation tested. The range of mastery coefficients for the following

(S
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TABLE ZVIIZX

THE NUMBER AND PERCENTAGE CF CCRRECT pﬁ’ﬂOW"“S AND THR
[TF T RATING FOR FACH QUESTION IN SUB-TEST I

Grade e XTI XIT HeSe Rank
Sex e} B T G B T G B T G B T
students 133 g1 21l 99 151 250 5l 80 131 283 312 595
Guestion 1 ,

R 11k 68 182 88 5 233 L9 78 127 251 291 sho

)4 19 13 32 11 6 17 2 2 L 32 21 53
Mastery Coeffe 85,71 83,95 85,05 88,89 96,03 92.L0 96,08 96,95 97,99 87.99 93,59 91.09 2
Question 2

n 118 72 190 87 1Ll 231 L8 75 123 221 291 sho

X 15 9 2k 12 7 19 3 5 8 30 21 53
Magtery Coeffe 88,72 88.89 88,79 87.88 95,36 92,10 9Le12 93,75 93013 B9.LO0 93,27 91.L3 1

Question 3

R 85 61 105 164 3L 51 85 180 209 389

X 148 28 38 L6 8L 17 29 L6 103 103 206
Mastery Coeffes 63,16 65,43 64@L9 61,62 69,53 6610 66,67 63,75 6LoB9 63.60 66,99 65,38 9

UL
.
et
\JJ
A ool

Question L
R 113 7L 187 88 128 216 L5 72 117 2L6 27, 520
X 20 7 27 11 23 3L 6 ,
Mastery Coeffe 81,96 91.36 087.38 88,89 8L.77 86.,L0 88,2 90.00 89,31 86,92 87.82 87,39 3

Question 5

R 119 60 179 87 132 219 112 67 109 2L:8 259 507

X 1h 21 35 12 19 31 9 13 22 35 53 88
Mastery Coeffo 89,47 7Le32 83,6l 87.88 B87.41 B87.60 82,35 83,75 83.21 87.63 83,01 85.21 6
Question 6

R 9 55 W8 73 113 186 Lg 59 10l 211 207 338

X L0 26 66 26 38 6l 6 21 27 72 85 187

Mastery Coeffs 69,92 67,90 69,16 73.7h 75.L9 7LeLO 88e2L 73,75 79.39 7he56 72,75 73.61 8

Question 7

R 0L 69 173 71 13L 205 L3 72 115 228 275 501

X 29 12 L1 28 17 L5 8 8 16 55 37 ok
Mastery Coeffo 78,19 85.18 80,8 71.72 88.7L4 82.00 B8lLe31 90,00 87.78 80,56 87.50 8L.20 7
Question 8

R 11k 67 181 82 130 212 L7 76 123 2Lz 273 516

X 19 1k 33 17 21 38 L L 8 Lo 39 79
Mastery Coeffo 85,71 82,71 BL,58 82,83 86,09 B8L.80 92,16 95,00 92,37 85,86 87.52 86.72 §

Cuestion 9
R 111 69 180 83 136 219 L5 76 121 239 281 520
K¢ 22 12 3L 16 15 31 6 Iy 10 Ll 31 g
Mastery Coeffe 83,6 85,18 B8L.11 83,89 90,07 87.60 88,2L 95,00 92,37 8L.LY 90,07 87.39 3

Question 10

R 2L 27 51 16 62 78 20 L2 62 0 131 291
X 109 ol 163 83 89 172 31 38 69 223 181 30k
Mastery Coeffo 18,05 33,33 23083 16,16 41,06 31,20 39.21 52,50 U7.33 21.20 41,98 LB8.91 10
The Table reads as follows: In Grade X there were 133 girls who wrote the test. TFor questloﬂ
1, there were 11l correct and 19 incorrect responses. The mestery coefficient wes 85.71. The question
ranked as the second easiest question of the teste.
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involve varistion with a consbant factor, the mastery coeflicient was

greatest for grade eleven students. or question five, the mastery

=

coefficient for the girls was greatost at the grade ten level. On the
other hand, the mastery coefficient in questions three, five and six

were greater for the boys at the grade eleven level than at the grade

twelve level. For questions four the mastery coefficient was greater
at the grade ten level than at the grade eleven level.
Sub-test IT.° Recognition of Tunctional Relationship and the Ability

to Fxpress that Relationship as a Formula.

Table XIX, page 71, shows that the mastery coefficients for the

questions in Sub-test II are considerebly lower than the mastery co-

cients in Sub-test I. In Sub-test II, there are two factors in-

‘.J-

eff
volved. The first is the recognition of the relationships for each
particular situation and, secondly, the sbility to write the existing
relationshin as a formula. The response to any question of this group

was considered incorrect if any one of the two parts of the question was

3

either incorrect or incomnlete. For Sub-test T possible existing re-

e

)

lationships were indicated by the nature of the wording of the guestion.
Sub-test II required more depth in functional thinking as no clues were
given to possible relationship between the variables. The lower mastery
coefficients were then in all probability due to two factors, namely,

- grester depth in relational thinking and the regrouping of the existing

25ee Eonendix
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TABLE XIX
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THE MASTERY

FMP T

}IT ,.l\:).! J Ull

71

(vade X T LI D S Hank
Sex G B T ¢! 5 T & B T ¢l B T
Students 133 BT 21l 99 157 250 51 0] 137 PRE} 317 535
Question 11

R 53 18 81 62 10l 166 147 57 98 166 17 3L5

£ 70 63 133 37 L7 8l 10 23 33 117 133 250
Mastery Coeffs L7.29 22,22 37,8l 62,62 68,87 66,40 80,39 71.25 7h,81 58,66 B57.38 57.98 9
Question 12

It 72 35 107 62 106 168 29 63 92 163 20l 367

X 61 L6 107 37 L5 82 22 17 39 120 108 228
Mastery Coeff, 5hel3 113,21 50,00 62,62 70,19 67.20 56686 7875 70,23 57,60 65.39 61.51 7
Guestion 13

R 18 53 141 56 1oL 180 28 66 sl 172 2L8 120

)4 L5 28 73 13 27 70 2° 1 37 111 6l 175
Mastery Coeffe 60,16 65.L3 65,88 56,56 82,12 72,00 51,90 82,50 72.06 60,78 77.89 70,59 2
Question 1k

R 72 L7 119 65 116 181 Lk 71 115 181 23l L15

X 61 34 95 3L 35 69 7 9 16 102 78 180
Hastery Coeffo  5Lel3 58,02 55,61 65,65 76,82 72,40 86,27 88.75 B7.79 63.96 75,00 69,75 3
Question 15

R ol 53 147 79 1 196 L7 7L 121 220 2hly I

X 39 28 67 20 3L sh L 6 10 63 68 131
Mastery Coeffe 70,67 65.043 68,69 79,79 77.LB 78,40 92,16 92,50 92.37 77.7h T78.21 77.98 1
Question 16

R 82 He; 122 6l 113 177 Lo 59 99 186 212 398

X 51 L1 92 35 38 73 11 21 32 o7 100 197

Mastery Coeffo 61,66 19.38 57,01 AL,6li 71.83 70,80 78455 73,75 T5.57 65073 67.95 66089 5

Question 17

R 33 18 51 39 65 10l 26 L0 66 218 123 221

X 100 63 163 60 86 146 25 Lo 65 185 189 37h
Yastery Coeff. 2L.81 22,22 23.83 39,39 53,05 L1.60 50,98 50,00 50,38 3L.63 39,12 37,13 10
Question 18

R 82 Lé 128 57 125 182 39 65 104 178 236 L1k

X 51 35 86 L2 26 68 12 15 27 105 76 181
Mastery Coeffe, 61e66 56,79 59,81 57,57 083,17 72.80 76.47 81e25 79.39 62,90 75.6L 69.58 L
Question 19

R 72 39 111 68 103 171 L2 62 104 182 20l 386

X 61 12 103 31 L& 79 9 18 27 101 108 209
Mastery Coeffe 5Le13 148,15 £1,87 68,68 68,21 68,L0 82,35 77,50 79.39 64,32 65.39 6L.88 6
Cuestion 20

R 80 L 121 L6 86 132 36 67 103 162 9L 256

X 53 10 93 53 65 118 15 13 28 121 118 239
Mastery Coeffes 60,15 50.61 56.5L L6L6 56,95 52,80 70,59 83,75 78,63 57.25 62,18 59,83 8
Question 21

R 10 17 27 28 N 92 20 Lo 60 N 121 185

X 117 an 181 71 87 158 31 Lo 71 219 191 1,10
Mastery Coeff. 7.52° 20,98 12,61 28,28 12,38 36,80 39.21 50.00 L5.80 22,62 38,79 31,10 11

The Table reads the same as Table

ITT,
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variables so that they may be written as an algebraic formula.
For the purpose of this investigation, Teble XIX reveals a

number of pertinent facts. In the first place, the mastery coefficients

for the entire high school nopulation tested show considerable range. Tn

-

only five of the eleven questions of this test do we find mestery co-

iy
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Q
o8
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sixty-six per cent or better. The range is from 31,10

to 77.98. Secondly, with one excention, the total m2stery coefficients
increase from grade to grade for each functional situation presented in
this sub-test. The exception is guestion twenty in which the students

were asked to determine upon vhat factor the circumference of a circle

would depend and to write the existing relationship. Thirdly, for grade

A

ten, only one guestion had 2 mastery coefficient greater than sixty-six
per cent, for grade eleven eight guestions had a mastery coefficient of

sixty-six vper cent or betiter, whereas for grade twelve there were nine
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questions That showed this percentage or bette

coefficients for grade ten is from 12.61 to 68.69, = range from 36.80

to 78.L0 for grade eleven and from i5.80 to 92.37 for grade twelve.
Sirce two fectors are involved in determining the mastery co-

Pt}

efficients for the situations in Sub-test II, an attempt was made to

N

determine which of these two fzctors presented the greater difficulty.

o

In order to determine the error coefficients a count was made of the
errors that may be attributed to each of the frchors. The errors were
classified into two main groups as follows: Errors A represented errors
in the question that were attributed to the insbility of the student to

determine the relationshins or variables involved. The error coefficier

were determined on the total possible responses. Errors B represents th

kR
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e
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errors made in anging the varizbles into an algebreic formala. In

o
il

esch case the students had completed correctly the first part of th

O

D

guestion. In sach case the total possible responses were decreased by

the number of errors made in debermining the relationshio involved and

the percentage of errors for Trrors B was determined on this new totval.
A review of Tables X¥, XXI and YXIT, page Th, reveals the fol-

lowing information pertinent to this investigation. In the first
instance, for the ponulation tested, the ability to dotermine the fun=-
involved between two or more factors appears to

i1ity to seb up the correspondii

+ errors A than for the corresponding Hrrors Be
o] s A T

the hish school grades are respectively 22,1l

+there is a decrease in the error coefficient from grade ten

even we £ind an increase in the error coefficient
e tuwelve. Tor the corresponding grades the total error coefficients

greatest improvement in the ability to recognize relationshins between

N

factors takes place between grades ben and eleven., A second feature of

)

s the decrease in range of the ervor coefficie nts in grades

ot
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ten =nd eleven and the increase in the range for both sexes in grade

twelve. An exsmination of the error coefficients for the boys and
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Question Trrors A Zrrors B

Mo, of errors Percentage of errors Ho. of errors Percentage of errors

G B T G B T a B Gy 8! B T
T 20 20 Lo O 2069 18,68 &0 I3 93 .25 T0L L CENIL
12 53 L3 96 39,85 53,08 Ll 86 8 3 11 10,00 7.89 9032
13 L2 27 69 3157 333 32.24 3 1 i 3430 1.85 2.76
1 10 18 36 13.53 22,22 16,82 43 16 59 37.39 25639 33.15
15 9 6 15 6576 7oL1 7,01 30 22 52 2lie19 29,637 26413
16 1L 7 21 10.52 8.6 9,81 37 3L 71 31,09 5,95 31L.61
17 16 3 19 12.03 3.7h 8,88 8l 60 1Ll 71.79 76,92 73,89
18 26 21, L7 19.5 25.92 21.96 25 ik 39 23036 23,3 23635
19 53 39 92 39,65 18,15 12,99 8 3 11 10,00 7.1L 9,01
20 18 10 28 13,53 12,31 13.07 35 30 65 30,43 12,25 31,95

27 55 13 68 L1.36 16.05 31,77 62 51 113 794018 75,00 7739
Tobal 324 207 531 22,1l 23,22 22656 385 277 462 33,80 L0 LY 36631

The Table reads as follows: Tor question 11 in determining the relationships involved the
girls, boys and combined girls and boys had 20, 20 and LO errors respectively with corresponding
percentages of errors as 15,04, 21,69 and 18,68, In writing the corresponding formula, the girls,
boys and total population of Grade X made 50, L3 and 93 errors respectively with the corresponding
percentages of errors as Ll.25, 70,49 and 53.L5 respectively, etce

TARLE

jai]

ZXT

B ORS FOR GRADE XTI STUDENTS IN DETERMINING
AL RELATIONSHIP INVOLVED (A) AFD THE TVARIL
¢ SET UP THE CCRRESPONDING FORMUIA (B)

T

r

Question mrrors A Brrors B
No. of errors Percentage of errors No. of errors Percentage of errors
G B T G B T G B T G B T
11 5 A 6,06 a3l .0 31 L2 73 32,98 25,76 30.50
12 10 26 36 10,10 17.22 14,540 27 19 hé 30,34 15.20 21,0149
13 29 16 Ly 29,19 10.59 18,00 1l 11 o5 20,00 8,15 12,19
1k 1 5 6 1,01 3.31 2,40 33 30 63 33.67 20,5L 25,32
15 3 15 18 3,03 9.93 720 17 19 36 17,71 13.97 15,52
16 1 9 10 1.01 5,96 3,60 3l 29 63 3069 20,42 26425
17 10 16 26 10,10 10,59 10.40 50 70 120 56,18 51.85 53,57
18 5 10 15 5,085 6e62 6,00 37 16 53 39.36 11.35 22,55
19 18 37 55 18,18 211,50 22,00 13 11 2l 16.05 9,65 12,31
20 1 16 30 1.1l 10,59 12,00 39 L9 88 145686 36,29 140 .00
21 25 6 31 25,25 3,98 12,40 L6 81 127 62,16 55,86 57 .99
Total 122 161 283 11.20 9,69 10,29 3kl 377 718 35.26 25,13 28,08

The Table reads as Teble XA,
TARLE ¥XIX
PERCENTAGES OF TRRORS FOR GRADE XIT STUDENTS IH DETERMINTNG

THE FUNCTIONAL RELATIONSHIP INVOLVED (A) AND THE INABILITY
TO SET UP THE CORRESPCEDING FORMULA (E)

Question Brrors A Errors B

Ho. of errors Percentage of errors No. of errors Percentage of errors

G B T G B T G B T G B T
11 5 7 12 9080 e 75 915 5 16 21 10,07 21.92 1764
12 20 11 31 39.21 13,75 3.66 2 6 8 6.L5 8069 8.C0
13 18 10 28 35429 12,50 21,3 5 L 9 15.15 7.1L Bs73
1h e oo wem e e memaeses 7 9 14 13,71 11.45 12.21
15 }—l» 2 6 708)4- 2950 1‘-(’-@57 = 1'—[» )—1 ””””” 5913 3.20
16 2 2 L 3692 2,50 ~ 3.05 9 19 28 18637 2635 22,05
17 13 22 35 25,149 27450 26,71 12 18 30 31.58 31.0L 31,25
18 L e L 720 e e 3,05 8 15 23 17,02 18.75 18.11
19 9 10 19 17.65 12.50 1,50 - 8 SR 11,43 701k
20 L 3 7 7.8L 3,75 5.3l 11 10 21. 23,10 12,98 16.94
21 10 7 17 19.60 8.75 12,97 1 33 5l 51,22 39,76 L7637

Total 89 7l 163 15,86 Golil 11,31 86 142 222 16,95 17,62 17637

The Table reads as Table XXT.



girls in grades ten and eleven shows that question 17 is the only
guestion for which the error coefiicient for grade eleven exceeds

that for grade ten. The boys of grade ten show ten nercent better
b & !

understanding of the relationship involved. Tn determining the formula
that relates the variables, the girls and bovs of grade ten had 2 lower

error coeflicient in three guestions. These were question 12, in which

the students were asked to wrile the verimeter of a triangle, question
13 in which the students were asked to write the volume of a cube, and

in question 19 in vhich they were to determine the formula connecting

.

g
the amount of money spent during the month, their monthly allowance,
the amount of money earned during the month and the amount they hnod on
deposit at the end of the month. TFor cuestion 20, which asked the

students to determine the formula connecting the circumference and

diameter of a circle, the error coefficient for the grade eleven girls

was greater than that of the grade ten girls.
Compearing the nerformance of grades eleven and twelve students
intheir ability to recognize the relationshin involved, an examination
Tobles XXT and XXIT reveals that in seven of the eleven guestions in
the sub-test the girls of srade eleven had a2 lower error coefficient

3 o
R

in determining the relationship involved. In compering the per

o
=

the bovs of grades eleven and twelve, the latier had a lower error
coefficient in seven of the eleven questions. It appears that fairly

repid improvement is made by the students in grade eleven in determining

the relationshins involved between two or more variables. A review of
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Tables Y¥ and XYT shows a marked decrease in the error coefficients in

errors A from grades ten to eleven. A& comparison of the performance

it

1\

of grades eleven and twelve students indicates that trere is a slig
decrease in their ability to recognize existing relationshin for the

s and a slight increase in the 2bility of the boys. Whereas, there

t”’”i
__1

was a total error coefficient of 10.29 for the grade eleven students,

Ao

there is a total error cosfficient of 11.31 for grade twelve students.
The difference in performance is nob significant. What is important

is the fact that an increaséd ability to recognize functional relation-
ship is not maintained from grade to grade.

With respect to the ability for the students to set up the
corresponding algebraic formula, Tables XX, XYL and XXIT show that the
total error coefficients are greater for Zrrors B than for Errvors 4.

The tables show that the error coefficients for the grade eleven students

is approximately one-helf those of the grade ten students. With the

-

excention of the total error coefficients between the grades ten and

eleven cirls. there is a fairly constant increase in the ability to
< 3

set up the corresponding algebraic relationship. Two factors are in-

volved. The Tirst of these is an increased asbility fo recognize the

functional relationship and expressing that relationship as an al-

cebraic equivalent and, secondly, the increased facility with the
language of algebra. The second is possibly the lesser of the two
because by the end of the first y:ar of high school grade ten students

1o

fJ

have a sufficient working knowledge of the language of algebrs
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satisfactorily complete the formulas required in this part of the test.

or grade ten students are sciually

=y

In some cases the error coefficients
lower than those of grades eleven or twelve students. In all nrob-

ability the fact that that particular concept has recently been taught

in grade ten may be the determining factor.
The individual items on this sub~test were carefully exam ned

s in the sub-test.

in order to classify the types of e

:CUS S acctua tely the tyves of errors made in the cusstions

In order to ¢

4

che following reference list will be used.

0 - mesning sn omission of the question

U -~ meaning a response that is unrelated to the particulsar site

g a partiacl response is siven. In guestion eleven two

areas are required in arder to determine the difference between the

ases the students have only deter-

areas of the two circles. In soms cas

mined the area of one circle.

Q - meaning the guality of the response. In this case the

g

students did not pursue the identiiicabtion far enough to assure the

successful completion of the relationshin. TIn question 11 some of the

students merely indiceted that the difference in areas of two circles
depended on the size of the two circles. They did not pursue the

her to indicate that the size of the circles de-

nend-d o1 respective radii. I the studend followed

N e NIRJ " o
formula then credit was given for

this partial answer with a corresct

the entire guestion.




an erroy in

A -

erpretation of the relation-

shin involved.

.
Tor each cuestion in this sub-test 2 table is nresenited which shovs

pal
RN

incorract resnonsas

o s« o I

should have difficulty

eleven students omitt
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follows: TIn grade ten, L2.50 ner cent
due to omi '

the r

ssions, 27.50 per cent were
a e

OMMeCLLor

P .. vt ! o Lo o -
two circles. Thirty per cent of the errors at the grade ten level =
EARRNE R SOt t-e N 114 £

of tnis nature. a comnlete absence of resnonses of this

3

Tt will be noted that

students who

in nroblem
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illustrating the functional relationship and the formulation of that
relationship as an algebraic formula. Some of the students believed
that the required formula should be expressed as the dif ference between
the two radii, the differences between the diameters, differences be-

eir circumferences, the ratio between the circumference and

dismeter, product of their diameters and circumferences, nroduct of

EN

atio of their areas, the nroduct of their

ot
oy
¢
=

radii and diameters,
areas. These were not single errors nor are they typical for a par-
ticular grad:. Usually the frequency of the error was much greater in
grade ten but we cennot say that these errors were confined to grade
ten. 1In most cases they were found through the entire high school

population tested.

Sub~test I1 - Question 12 The Perimeter (P) of any triangle would

depend on:
(2) The length of one side (o)

(b) The length of the second side (s)

(¢) The length of the third side (%)

One factor in this question was the vast number of unrelated variables

",

4

that were stated and the high incidence of omissions at the grades

o
A

eleven and twelve level. A second factor was the number of students
who stated that in order to determine the perimeter of a triangle we
must know the length of the base and the perpendicular height of the

triangle. Partly, the statement is correct but, beyond the compre-

hension of a grade ten student. The errors B portion almost invariably




showed the resulting formula as the area of a triangle instead of

the nerimeter.

12

Grade L X 1T X X1 X1t

Trrors 103 36 31 11 lig 8

Thie Table should read in the same manner as Table TITIT

However, for errors A, the students have bezn given the benefit of the

doubt and the error has heen classed as Q. For erroré B there wasn't

any doubt and consequently theerror has been classed as a reading error.
In determining the relationshin belween variables the following

were freguently wentioned: the length and height of the sides, the

distance and’the height, length of the radius, the dismeter and cir-
cunference. For the corresponding formula the area of a triangle and
the perimeter of a rectangle were Ireguently stated as the recuired

relationshipe.
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Sub-test IT - Question 13 The volume (V) of a regular cube will

depend wvpon:

Formula: V = s
The resullts of Table XYV seem to indicate that the concept of the

=de ten students than it

U)

volume of a cube is bebtier understood by

(i
W

ey
uq

is for students of grades eleven and twelve. Actually, at the grade

ten level there is the 3oscﬂhﬁl ty of recency in instruction and that

the concept, since it is little used by grade eleven and twelve stud-

ents, has been forgotten. Tor determining the relationship some of

the resnonses wer *“T the indenendent variable would he the cir-
cunference of 2 circle, the width and the length, radius and height,

N

Sizmeter end nelght the density. In stat-

ing the formulsa the following were fresuently given as the recguirea

Errors A Zrrors B
Grade X XTI XTI X XTI ¥IT
Tyoe Type
0 57.97 66,67 100,00 0 100,00 35,00 77.78
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formula: The area of a ci P

nrocuct of height and weight, the area of one side

Sub=test T

) 1

83

rcle with radius s; surface area of a2 cube,

T - question 1h. During a motor trin I average 1% miles

to the gallon. The number of gallons (@) I used during the trip

would depend on:

~~
[
R

The total number o

The reguired formula 1s G = M

From the standnoint of errors A, this cuestion ranks zs the
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the question w

the number of persons in the car,

allons used depends on the cost of the gasoline, tr

The most common incorract

s that the number of

Grade X XTI XIT X
Type Type

0 36,11 100,00 — 0 18.6L

X 630 89 - - X Blo 3‘6
Errors 36 6 0 59

Errors B

XTI {IiT

15.87 18.75
8l.13 81,25

63 16

This Table shonld read as Table XYV,



For errors B the chief error was the improper statement of re-

lationshin between the number of gallons used, the average dis
per gallon and the total distance travellied. TIn cach grade approx-

N

imately 80 per cent of the students indicated the required formula

Sub-test IT - Question 15. The mumber of dozens (D) oranges T can

buy for $1.00 will depend ons

(a) ™ ost ner dozen (C).

b
,J

The reouired formula is

o
P

P
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NATURE AND PESR CEHT
“TO GRADE TN

Brrors A Errors B
Grade X XTI XIT X XT XIT
Tyne Type
0 100,00 100,00 100,00 o) 7hel9  Lb.Ll 100.00

X 25,81 55,56 -
Errors 158 18 6 55 36 L

This Table should rezd zs Table XXVI

Of the 595 students who participated in the investigation 6.55 per
cent of the students omitted to state the relationshins involved in

this question. This question ranked as the easiest of the group

. .

presented in this sub-test. The mag rity of the type X errors that oc-

al
A

curred in this cuestion were due to the fact that the students stated
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A

error in




the ratio of the circumference to the diameter,
It is rather surprising that one-third of the school

nonulation are unable to recoznize and interpret the relationship be-
tween the radius and the area of a circle. Even at the grade itwelve
level twenbty-five per cent of the students were unsble to cone with

the functional situation presented.

Sub-test IT - Question 17. of the yeor James oepos‘

irther informetion would be reguired

)
L

money (A) in tle sccount after
the interest payment has been made?
(2) The interest rate per vear. . . . (R)
The required formula is A = 200 4 200 RT
For this question the only group of students who received a mas-
students who omitted to state the
this situation could not identify

t have been

XXTX, page 87, does nobt present an

the functional understanding by the nupils

of the situation presented. The errors classed under type O and U are
relatively few as compared to the errors classed under type P. TIn the
latter case a pari of ithe reguired formula was presented. Tn cach case

O



o .

the students wrote the formula for the simple interest for the half

vear instead of the accumulated amount.

N
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o 100,00 100.60 100,00 O 17.36
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P 81.26
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Zrrors 19 26 35 il 120 30

This Table reads as Table XXVIIT.

Sub-~test IT ~ Question 18, Acar leaves a towm a2t 9.00 a.m. and

by travelling conbtinuously arrives at a second town at noon. The
distence (D) travelled would depend upon:

(a) The average speed ner hour . . . . (R)

The required
fgain we find a fairly high rate of omission particularly in the
t has been noted that wherever the students

have some acquaintance with the relationships that asre involved they are

less inclined to guess at the answer. Rather than guess they are more



apt to omit the question entirely. This has been noticed particularly

with the easier cuestions in this sub-test.

Grade X XI 0T X XI XIT

Type Type
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The chief error tha
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variable was the time or the distance between the

average rate wer hour. From the nature of the respoasss by the 101

e %) B S . I . - . .t .
frudents whose responses were incorrect it was obvious they know little

y
ot
5
®
o0
l""
n
clk
a3
o)
(@]
®

Arl
"
W
C{_
D

. . .
about the relationship betweer s and time involved.

In writing the algebraic formula the chief error was that the student s

expressed the distance between the towns as a quotient of the distance

and rate, the rate and time, the distance and Ttime, and, the product
R J2 A - 2 - ol Ty
of the distance and time. These types of responses for this question

were common throughout the entire high school grades.



beginning of the month and you zarned a certain

the month, what would you need to know in order

amount of money you spent (3) during the month?
o

(2) Amount of the Allowence (&)

(b) Amount Earned (&)

89

If vou received your allowance abt the

sun of money during

0 determine what

ol

(¢) Amount left ot the end of the month (L)

DUBSTION 19

Brrors A
Grade X XL XIT X
Tyoe Type

0 L7.82 19,09 57,89 0 100,00

Errors 92 55 19 11

Brrors B

iT AIT

91067 -
823 100,00

2L 8

This Table should read as Toble ¥YY.

1

In most cases the students did not indicate that

they must know the

amount of money that was left 2t the end of the month. Tn the cases of

errors B the formula was written in’terms of the

>
L

amount of money that

remained at the end of the month instead of in terms of the amount of

. . A

uring the month.
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is easily forzotten.
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COIIoOn errors were

of a semi-circle, double the circumfere

e area of the circl

circle; product of
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us and diameter.

the radius and the dia-

d radivs, of the area

The ratio (R) of completed passes

rhack will depend upon:

sses thrown « « «

(b) The number of completed passes . .

The reguired formula is: R = ¢/

This guestion proved to be the most difficult
questions in this sub-test both from the standp

relationshins involved and also in expressing il
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Sub=-test ITIY Recognition of How a Change in One Varisble Affects
Another.

Table XVII, page Ol, revealed that Sub-test IIT ranked second
in performance with o mastery coefficient of 69.L8 for the entire
nonulation tested. Rach group was made up of four or five guestions

designed to test the understanding of the function involved. To the

One value repres-

er of times by which the function

ented either the amount or the num

will dincreazse or decrease. The student was recuired to underline tlhe

. () '

stetement that would correctly def

ine the relationshin.
set consisted of a groun of five guestions based on a dir.ct variation.
The group read as followss

=nd upon the

er article.
nge takes

22-26. The total cost (C) of a number of articles will de
number (n) of articles purchased and the nrice (p)
This is represented by the formula G = np. What ch
place in G if:

ep

od ®

22, "n" is doubled and "o remsins the same? no change, 1/2, 1/L, 2, L.

23. "p! ig doubled and 'n" remains the same? no change, 1/2, 1/L, 2, L.

2li. Both ™" 2nd "p" are doubled? no change, 1/2, l/h, 2, L.
25. ™' is doubled and 'p" is trebled? no change, 2/3, L, &, 8.
26. "l is doubled and "p! is halved? no change, 2, 3, L, 6.

Table XXIIV, page Oli, shows that the students have a good sgras
3 g g P

of how in dirsct variation 2 change in one varisble will affect a change

in another. The table showe that the mastery coeflicients increase

B 3 Fal k] R

grade to grade. The tacle a2lso shows that the increase for grade twelve

See Appendix
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is more than double that recorded for grade eleven, The table also

[}

shows that for the entire povulation tested the mastery coefficient

‘or this groun of guestions is 85.61 which ronks first in performance
of the five groups in sub-test ITT.

Table XTIV

POR (USSTIONS 22 - 26

Grade X I XII X¥-XIT Rank
G B T G B T ¢ B T
oues.
20 81,95 £85.19 63,17 86,86 89,40 88.L0 94.08 98.75 97.71
23 81,95 87,65 8L.58 83.83 82,09 84,40 90,19 95,25 93,89
2l 85,71 83,95 85,05 61,81 87.41 85,20 92,16 98,75 94,18

o5 78,19 81,8 79,91 71.71 87.L0 81.20 78.L3 84.25 §83.21
26 75,18 76.5L 75.70 7he7l 90.73 8L.L0 9,12 95.00 9L.66
7

7
Total 80,75 82.96 81,62 79,80 B8.61 85.12 90,19 95,00 93.13 85.61 1

*”chrV‘cocL.lclhnd for

The most common incorrect response for cuestions 22 and 23 was
the selection of item 2 in each case. In other words, the students

7 N 1
L

hat 1if we doubled the number of artic

doubled the cost per article it would half

nted for 61 ner cent of the errors in question 22 and 59




%

or cuestion 2L tre students

¢

stated that if ™" and "p" are each doubled then the total cost would

be doubled, and in 28.L per cent of the incorrvect responses the

students stated that there would be no chenge in the total cost.
Tn forty ner cent of the incorrect responses in guestion 25

rebled then the

N

the students stated that as '"m' is doubled and "p" is ©

t

be two-thirds of its original cost. In another forty

ncorrect resnonses the students stated that the total

inal cost.

‘_h
3:3]
-}

ight times the or

was abtributed to the selection of item two in the answers to the right

of the initisl statement and twenty-four per cent of the incorrect

responses was due to the selection of item three by the students.
The sewmnd group of questions read as follows:

27-30 T-e area (&) of a square with side (X) is represenied by

the Tormula A = ¥°. What changes take place in 4 if "X" is
27. Doubled? 1/2, i/u_, 2, L, 8.
28, Trebled? 2, 3, L, 6, 9.
29, Halved? 1/2, 1/, 2, L, 8.

30. How much greater will X" be if
MAU i made four times as great?  1/2, 1/L, 2, L, 8.

A

From Table X{XV, page 96, three important facts mey be deduced.

<,

The first of these is that direct variation W ere one of the variszbles

1o a

is squared is a much more dif "icult concept than variation where the

el

variables are of the first degree. The mastery coefficients for the
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guestions of this group are considerably lower than the mastery co-
efficients for the previous group of questions. This is particularly
true at the grades ten and eleven levels where there are differences
as larese as thirty percentage noints. A second feature of the tTable
is thot the mastery coefficients show increases from srede to grade
for both sexes with the more nronounced increase ab the grade twelve
TABLE XXXV
THE MASTAERY CORFFICIENTS FOR QUESTIONS 27 - 30
Opade X XI XIT X-XIT  Rank
G B T G I T G B T

Ques.

27 45,51 Ah.19 6L.95 70,70 82.12 77.60 8lL.31 95.00 90,8k

28 57.89 Ah,19 40,28 6L.AL 78.1L 72.80 8L.31 25 87,79

29 54,89 55,56 55,1 59.59 70,86 66.L0 78.L3 87.50 83.9

30 39.8% 11.98 10,65 5L.5h 63.05 59,60 62,74 78.75 72,52

Total 5h.51 56.1:8 55.26 62,37 73.51 59.10 77.L5 88.12 83.97 75.79 2

This Teable reads: as Table XXXIV.

level., Grade Twelve students attain a fairly high level of performance
and the greater understanding of the functional relationshins involved
in this groupn of situations seems to be acquired in grade twelve. The
third observabtion is that in question 30 there is a change in the com-

position of the relationship as the formula shows a direct variation to
a squere root. The mastery coefficients are considerably lower for
this guestion than for the other questions of the group. However,
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vime depends upon the total dis-

question that mprroximates the mashery

9hﬁ is -uestion 31 of this sroun of cuestions. In this narticular cues-

the

iy
O
&
=3
=
H
»
o
[¢]
[©]
o]
]

zirls as comparsd with the

cuestions in this group the grade ten

‘efTicient than the grade eleven girls. On the other hond there is an
average increase of sixtesn percentage noints by the grade twelve girls

questions. The table also shows that for the bovs
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do increase from

1ace in U:;];'U —'Lj:_' H_-X:H is
36 Doubled? - | 1/2, 1/3, 1/L, 2, L.
37 Trebled? 1/2, 1/3, 1/l, 2, 3.

38 Halved? 1/2, 1/l 2, L, 6.

L)
B
:.\

ze is siven to "x" the nroduct of that value and
! of ™y must

1, 2, 5, 10, 15.
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X XI XIT L-X171 Rank
G T T a R T G B T

fues,

L1 81.20 72,00 80.37 79.79 90.73 86,10 90,19 95,00 93,13

12 35.80 L1l.he L2 b2 5h.30 LT7.60 A8.43 72.75 71.76

L3 65.L0 70,37 67.29 64,66 80.13 7h.80 78,03 90,00 85,49

Ll 36,09 19,75 29.91 - 30,30 33.78 32.10 5L.90 58,75 57,25

L 68.L2 £1.73 65.68 61,61 71.52 67.60 66,43 86,25 79.39

TOTAL 59,25 ©3,33 57,01 5A,16 44,09 42,16 72,16 80,75 77.h1 A3.66 U

total mastery coeflicients

as the comparison of Table

-

VIII will reveal. The second feature is

excention of cuestions L1 and L3, the

and eleven bub concept is

understood by the students of ¢

Tairly well estaeblished by the students of grade twelve. The one area
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in which the grade twelve students experienced a great de=al of

5
{

di
iculty was when each of the independent varisbles was doubled.

This did not present the same difficulty in question 33 where the

same sivuation was vpresented. The difference in performances may be

partially due to the introduction of the additionsl variable and con-

N

sequently greater difficulty in comprehending the relationship in-

volved or the introduction of the extra varisble may have resulted

Values.
were
presented to the students.
Directionss: Study each of the following grouns of numbers. The values

for the l?s mentioned letter for each group depends for
its v2lue upon the other values in the group. Write the
formula showing how the last letter in each group depends
upon the remaining letters of the group. "' "

L6
16 36 S =

L5
9 11 Y =

P

[ RES]
)

= o
O W

=
°
e

4
w
A2 AN
~3 o

g b
Wl N
o= &

O
SO O
QUL

1

L9, P 100 1000 2000 3000
T .03 L0l .05 .05
4 103  10LO 2100 3150 A

1
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The situations selected were those that high scheol students un-
doubtedly have had some experience with in earlier grades. They in-

cluded the relatio and of

a cube, the relationship between the base, height and arez of a triangle,
the sides and perimeter of a rectangle, the principal, rate of interest,

a
a

time .and accwnulated amount of a single sum of money, and the direct

variation between two variables when 2 constant factor is eéemploved.,

In the initial testing orogram menv additionsl tables of values
Sore of these were not included in the vresent +est as
the results showed a perfect score for Lhe entire population tested in

the pilot test. Included among these were two guestions that involved a
direct variation such as x = ¥ and x = 3y. Others that were not included
in the final draft because they sppeared to be too easy were such rel-
ationshins as ¢ = a/b, K = abe, M=2a /b, andD =4 /b £c. On the
other hand for relationshins that are involved in such formulas as

y= 36/X, c? =‘a2% sz T=zafb-coandT=R - nd, the validity co-

The results of Table XXXIX, page 10k, shows that with the ex-

Fal
t

ception of questions forty-six the we stery coefiicients on this nart

actors are dicated,

o
i

O
'l
ot
N
;

e t= ram was very low. Three

o}
63}
C{M
;_.J'
=]
jge]
5
=
o

stly, with the exception of direct variation in which the students



of the pilot test had a perfect score, the understendine of the fun-
ctional relationshin as exvressed by 2 table of values is nob
ceveloned to any appreciable extent by the high school students.
TABLE XXXIX
BETICTIONTS POR o1

X - - —

Grade X X1 XI1 X-XI1
G 3 T G B T G B T

Jues.
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the three grades. The grade twelve students appear to have a much



greater understanding of the concep

ctional relationships have not been

1t of the fact that grade twelve

.

lig

etudying the their performance on this question was

not very encouraging.

Grade X p XIT X-XIT  Rank
i

3
2
-
=)

ues.
£2 £9,17 6843 67.76 79.79 88,08 8L.80 78.L3 92.50 87.02

53 12,03 7.b1 10,28 2L.2h 27.81 26,40 52.9L 66,25 61.07

ML

i
AT
¢
\
i

S 68,87 53.20 70,59 86.25 80.15

=

88 8.41 38.38 3L.Lh LO.00 78.L3 82.50 80.92

o

N
-
°
UL
no
~O
°

56 Lh.36 25,92 37.39 59,59 65.56 63.20 £69.02 83.75 77.86

69,81 82,25 77.L0 52.33

(VS AN S

Iy

grade Ten girls a
bovs 65.43 per cen

£~

uotaL glrlo qu bova

Tnverse varistion presented a great deal of difficulty to the

for grade ten was 67,76 et

students of grades ten and eleven. Tre better periorances by the grade

.

telve students is probably due to the :
of ratio, pronortion and variation is a nart of the grade twelve

mathematics nrogram.

Sguare root was anotiher area in which grades ten and eleven

act that a more detalled study

~
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and inc

o

nhe nature of many of the responses

suspicion that the at-

instead of thinking
about the dependence or relationship between the variables of the 2l-
Sub-test VI. Minctional Relationshin as Represented by Granhs.
In the initial program seven types of wers considered.

f

which mav be represznted by

the formula v = ax vhere "al represents a2 constont.
2. The graph of direct pronortion »nlus a cons in the form

AR (0 S b.

- . o
i The graph of squares in the form y = ax¢ where "al re-
nresents unitve.
-
5. The graph of souares 1Y = AN ds p

nogitive number othe
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show the relationship betwesn the varisbles. Type two proved o be

in reading graphical representation of a functional situstion.
57 - 61,

graph which James prepared after a
with some of his friends. H

Distance
in miles.

3 -

| ) 2
Time in hours
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70. Write the formula thot would illustrate the relationshin
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the sreaster difference at the grade eleven

R

this dnvesbtigation,

A. Tor the entire population tested for

ificent

to grade are si:

at the .01 level of confidence.
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7. By the end of grade eleven there is a mean
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1al scores range from 11 to 66. Twenly-Tive ner cent of the grade ten

students received a total score greater than the mean score for the

grade eleven ctudents and apvroximately twelve per cent of the grade

el &

s had a2 score lower than




the mean score for grade ten. Twentyv-three per cent of

)

students obtained scores helow the mesn score
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S Pron crade to grade there is

the girls, but the mesn scores for the boys do not

am there is no one area of the
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and bovs. These aveas are respectively: th
funetional relationshing in some generalized aspects of functionality,

4ion of functional relationship between two or more variables,

ita

Tecosn

the ability to exnress tnat relationshin as a formula, and the sbility

11. For the girls there was only one area of the test in which
there was a significent difference between the means of grade ten and
eleven students. This was in the area of changing the subject of a
formula. This was probably due to greater facility in menipulstive

ability than to understanding of functional relationships imvolved.

Between crades eleven and twelve there are two areas where there

D
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the means 2t the .01 confidence level.
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