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Preface

Feeling that there 1s a lack in tie effective evaluati of tae really
important outcomes in mathematics learning and being es;ecially concerned
wita my personal inadequacy in tiis Tield I have undertaken to deeven my
understanding and gein insignt into the problem of evaluaition. I aave
attempted to gain information and stimulation of thought through the
reading of waricus sources, in evaluation in general, mathematics eval-
uation, and insiruction in matunematics, and tarough direct experience
with ciiildren.

Many experiences and peotle have coniributed at least indirecily to
the writing of my paper. I would acimovwledge those who nave most directly
nade my writing possible,

To Ir. ALlice Rebold I am most grateful for ths inspiration and aware-
ness imgarted to me during a mathematics methods and materials course,
which she taught, and for her guidance and encouragenment in advising
me in this present work.

Iy appreciation and gratitude are extended to the Frankfort, Indiana

School Systen for giving me the full utilization of a classroom in the

-

Iincoln Dlenentary Ichool and ail the facilities, including the iibrary,
gymnasium, film equipment, and other wvisual and manirulative aids. I
give special thanks to ir. darry loore, ithe principle of Lisncoln School,
who was helipful in my selection of crildren and in meking 2ll ithe school
facilities and materials available for our use,

I also wish to thank four children, Dana, Dondra, Kerneth, and
#illiam for making my project not only possible bui most enlightening.
The large body of this paper vertaining to readings in evaluation
was made possible through the use of tie libraries of Ball State

University and Butler University.
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Introduction

Contemplating an improvement oI zome lrind, waetser 1t be in an
industrial machine, an educational program, or in one's own gersonality,
a rerson makes = decision by drawing from i..e experience and ithougnis
of others as well as those of nis own. Such nas been my procedure as I
recognized e need for improvement in mathematics evaluation.

Beginning with many ideas gathered fron variocus educaiiors with wnom
I had come n contact, I broadened nmy mowledge by reading many s:urces
concerning evaiuation in education and particularly in mathematics. &y
direct exverience was furthered by actually working witi children.

s

Throughout the rrcject, direct and vicarious experience led me to do
much thiniking and onened new vatns of thiniking, wnich in turn directed
me to further reading and experimentation.

It has not been my intention to derive a unew theory in evaiuation
or an eariasualking discovery in an evaluation itechnique., 1 have sought
to bring atitention to the tnougktful analysis of cvaluation and the

soint

advoecation of tecaniques of eveluation of many previous years to

out that we are benind in our uractices of evaluation. However adnirable
our intentions in evaluavion, we often do not follow ithrsuga in our
actual practice of evalua.ion.

Tnis paper contains four main sections. The two chapters on related
readings are documentation of various tnoughts councerning wiaat eval-
uation should be and do and suggesiing means of evaluating more effectively,

The third section describes the purpose and metihod of my vroject
with children., Incliuded are samples of anecdoial records 1o help demon~
strate how & certain tecimique may be used, (he responses it may evoke,
and how understanding of 2 cuild may be ganined tarough such a vrocedure.

I have described several tec.niques, none of which may be new, to sug.est
ti:ot these rLave been used witn some success in evalus . ion and to reveal
the simple raterials required.

Ly concluding statements are a result of my reading and exverimenting,
but are merely the beginning of my thinking and action to continuously

strive toward effective evaluation in mathematics.

1.



RESLATED RSADINGS

I THs ARBA OF

BEDUCATITUNAL BVALUATION



RELATED ROADINGS IN THE AREA OF
SDUCATICNAL EVALUATICH

Changes in the Concept of Evaluation

In reading in the area of evaluation in education we find that

change has come at least in theory, if not in actual practice, in
educztors’ concept of education whicn has called for cranzes in in-
struction anc evaluation.
Togerson and Adams coniribute the emergence of the modern con-
cepts of evaluation to 3 main factors; a) the testing movement, from
the beginning of t.e¢ century through tac 1920's, which helped arouse tae
ssion to the extent and significance of individual diflercnces;
b) t.e inadecuacy of early tests and ithe misuse of test results, leading
to certain undesirable cutcomss; and ¢ the curriculum chonge and the
child-study zvoroacn lealing tc needed modifications in evaluation.

They believe that the tests developed in tae 3J's 1o measure under-

]

standings, attitudes, and appreciations as well as skillis and information

ade inevitable a broader concer:t of evaluation. (1)

£

chane and XeSwain, in considering the origins of the concezts of

d—

valuation ag a "phase of man's effort 1o apply intelligence to tue

[0}

ational solution of ais problems," speal of {ic contributions of phil-

H

ophy, witi regerd to Butler's writing ol pragratism and Jewey's method
of inquiry, &nd of science, with its search-~discovery method in many ways
anticipaiting current evaluation procedures in wnich children siare. They
cite a) the scientific movement, providing many tools and measuring
techniques of use in evaluative aprraisal, and b) ci.ild development
researcn as the educational trends influencing evaluation. Child devel-
orment research emparasized tie need to reexamine values as .mowiedge ac—
cumulated, anc. scrutiny of these values led to dissatisfaction witn

certain beliefs and practices of education. (2)

3.



wrightstone et al. distinguish the trends in sveluation in recent
vears as 1l.) the concern of the rodern t.achers and supervisor with

important funciional learning outcomes, 2.) increased crrhasis on the

measurznent of undersitonding and its interrretation rather than on

isolated informetion, skills, end abilities, 3.) increased use of

informal or teacher-made, test exercises for instruciional purroses to
/ b4 e 3

b
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supplement formal or standzrdized tests, 4.) development of factor
) th. development of tochniques for

analysis of mental abilities, 5.
measuring the role of individuzls, zs well as of wrmall zroups, in the
study of group relations, and 6.) %the increased zttention given to the
develcpment and refinement of unstructursd, or projective, tests of
personality. (3)

Ahman and Glock,and Baron and Bernard in addition to the authors
previously cited call attention to ths development of a variety of tech~
nigues for cvaluation corresponding tc the emphasis on the personal and
social development of the child, as well as on academic achicvement, and
stress tine use of informal techniques. ( 4)5J

odern evaluation differs from older forms of appraisal, according

to Wrightstone et al., in 1.) atten;

to measure & comprehsnsive range
of objectives of thz modern school curriculum rather tian subject matter
achievement only, 2.) using a variety of techniques of appraisal, and
3.) integrating and interrrctting various indices of behavior into an

inclusive portrait of an individual or educati .nal situation. (6)

The Nature of Evaluation

The term evaluation has gained wide currency, especially since 1940,
but despite its frequent use, evaluation has failed to acquire a clear cut
meaning.

It is therefore helpful to consider various definitions, characteristies,
and purposes of evaluation suggested by several authors in an atieupt
to gain a fuller undersianding of the comrass ol evaluation.

Attenpting to define and cinaracterize evaluation as it should be today
we might first distinguish between evaluation and nmeasurement. Ahman et al.

a

state that eva.uavion is rore inclusive processy measursrent being that
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part of evaluation which provides information upon whien the evaluation
is based. “Thus "educaticnal measurement attemyts to obtain a gquantified
representation of the degree to which a trait is possed w.ile educational
evaluation is a process in which a teaciner commonly uses information
derived from many sources to arrive at & value Jjudgment. This evaliuation
may or may not be based uron measurement data." The najor purrose of
evaluation, say the writers, is to help the classroom teacher ascertain
the degree to which educaticnal objectives have been aciieved by ypuvils
and help him obtain better !mowledge of pupils as individuals. (7)

drigutstone et al, cite lionroe in distinguisning between measurement
and evgluation by indicating taat in measurement tihe empaasis is on single
aspects of subject-matter achievement or specific cliilis and abi.ities,
waereas in evaluotion, emphasis is on broad personaliity chanzes and major
objectives of tie educational program. Trey furtaer elaborate that
evaiuation involves 1.) identification and formulation of a comprenensive
runge of major objectives of a curriculum, 2.) tieir definition in terms
of pupil benavior to be realized,and 3.) the selection or construction of
vaiid, reliable and practicable instruments for apuraising major objectives
of the educaticnal process or characteristics of growti and development,
Measurement, =hey state, torough the use of achievement tests, yields a
measure of pupil attainment in subjsct-matter areas, especially the
acquisition of skills and information. (8)

whnen measurement data for a cnild or class are viewed as the basis
for judging tae goodness or worth-whileness or adeguacy of a child's
achieverent or adjusiment, according 1o Torgerson and idams, evaluation
is talting place. The quality of a cihild's or groupé acihievement or ad-
justment is determined by relating measurement data 1l.) to the zoals
instruction as established by the society, and 2,) to the needs of the
crild as determined by nis own maturity level, his own drives and purposes,
and tne environmental pressures waich affect him. (9)

Snane and MeSwain help the reader gain insight into the nature of
evaluation by providing definitions of several different educaiors.

svaluation ...implies a process by which the values of an

enterprise are ascertained. (Smith and Tyler)

A more adeguate concept of evaluztion includes all the
activities whereby an individual or grouy determines how well
agreed—-uypon purposes have been achieved. (ilexander and Saylor)

Se



Evaluation is & process of gathering and interpreiting
evidence on cnanges in behavior of students as tney rrocess
through school. (Zuillen and Hanna)

Tne process of determining the extent to which values are
achieved, purposes carried out and goals reacned is evaluation.
The term is derived from tae word 'value', since apyraisal of
the effectiveness ol an educational exverience should be based
upon a consistznt , sound, democratic system of vilues, Eval-
uation includes itnhe analysis of tae purposes themselves and the
consideration of tec.niques by wiicii goals are attzined, as
well as the degree of aciievement... (Burr, Harding, and Jacobs)
Shane and HeSwain, being pariticularly interested in evaluations
relation to the elementary scnool curriculum, distinguish between
externalized and internalized svaeluation. IExternalized evaluation is
the rrocess whereby a grour of citizens and teachers may gauge the
success witu which a school is achieving its purposes. Internalized
evaluation is a process witain us, as a result of which we malke our
interpretations of tie environment about us, and, accordingly, direct

our behavior. This is important for the evaluator to remermber. The

ultimate test of the external evaluation process is the degree to which

it motivates the child to create within hinself those perzonal goals

that are similar to those established by the school. The goal of ex-

ternalized evaluation can be realized only if the internal well springs

of a childs behavior are changed by the evaluation process. (11)
Baron and Bernard list elements of a good appraisal practice
as follows:
l. Pupil evaluation is a means of communication between school,
cnhild and home, A4s such, it must be meaningful to all concerned.
2. The purpose of evaluation is ito promote optimum growth. An
indication of status is not enough.
3. “dvaluation should indicate what steps should be talten next.
4. Appraisal should be in terms of individual accomplishment,

not in terms of interpersonal comparisons.

5e mvaluaition siould be in terms of stated objectives of educatiion

for the school level condgerned,

(10)



6, oSvaluation should be a continuing vrocess, not an end in itself.
T« OCbjective data are necessary, but these dota always relate to
the living, dynamic person,
8. Alterati-ns of eveluation procedures involve the entire vhilosophy
of the scrool and nust therefore be = matter Zor serious study. (12)
Rothney re-cmphasizer tnat evaluation, to be effective nust be a
continuous, cooporative, cnd cumulative vrocedurs, He reminds us that
if the wurpose of our insiruction is 1o Troduce certzin changes in jurils,

L _g DL CC. 42 Bagdulia

we should find out rietuer taoss

decide wazt important changes we are trying to sroduce in children, state
S 5] y i) ]

U}

how cronges may ve expected to be snown in punils' behoavior and neasure
S =

the chzuges tazt talke rlace, shen we nust study znd interpret observed
cianges so repdris may be meaningful to wupils, parents, and anyone
concerned. (13)

The steprs in evaluaiion ars recognized by Shane as:

1. The isolation and description of the problem (s) to be studied

2. Clarification of t.e values besring on the problem (s)

3. Development of criteria for ilie siudy of the uroblem (s)

havior scusnt in tue child

)
+

4, Dxpression of criteria in terms
5. wsteblisniont of & situvation in which the child's brhavior can
be studied as the scisol sesim to nodify it to condform with desired outcomes
6. Lmrployment of insiruments o gother behavioral deta o be siudied

q . e

1's benavior is beiny changed

in order o decide wheither or not a

i

Te inalysis of benovioral cacnges, if significznt, t- determine
whether or not thesc changes are coupatible with valucs sount by the schiol
3o Tae imvlerzntation of decicions reacied in view 7 the findings

made by the schicol staff (14)

vetion ds an dinclusive

1., Zva

gatnering certincnt dota bLearing on may e usad.

) o T ~ e - . 4 - B - . - - =

€. Laci s-tvation in which evaluation occurs is unique. The
teacher must bogin witn (ko baclzround zeculicr t: the sraur in order to

gulde chanses Ln bexnvior and deelde ways in wihich vilues ars 32 be sought,.

Te



3, avaluation is a continuous vrocess.
4e “valvation is o uscful means to tho study of intangibles,

a3 well as overt boaavior.

5. Lvaiustion is concerned witol
and =iemenis are situdizd tozetoer,

6. Lvaluvoition is o osroun endeavor. AlL invelved in exarining and
inproving behavior participate.in evaiuation and the evaluaitlion operation
ig in tne context of human values, whilen reguires group aciicn.

7e Iva_uction is not neutral, tut biased bF the evaluutor's values
thet deteemine thc noature of tiac beshavioral goals or citizenszhin outcomes,

2. Zouzat values determine tho outcomes in evaluatisn as well as the
nature of 1. »rocedure used.

9. ovaluation iz o conitributing factor in the rational solution
o7 a nersistent educationnl prodlem,

10, Zwvaluvation clarifics roals oy educaticn. Teacrers znd children
cannot consclously appraise toeir worl witkhout develoning a greater aware—

ness oi reasims for actions toey tulle; objoctives b ocore botier vnderstood

and nore accoptable.  (15)

The Svaiuvation Program

-

Anman znd Glock, Baron and Zernard, Torgerson and sdams, and

-

drightstone et al. devote at least o cuapter in their boolks to toe problem
of »lznning and adninistering tlie evaluation program. Shane and licSwain
and Hotaney, a5 wecil asm .. above, seerm to ggrec on tae most immortent con-
siderations to be taken in plenning tho evoluation program which may bde
summed vy in the steos VUrigntstione et al. give.

1., #Pormulation o tis mzjor objectivez of t..o curriculum. These

o

zeome guideposts in curricular doeveloument and evalustions.

3 e

2.  Definition azno clarilficastion »f the npajor objectives — should

- 2

iine sizills, abi_ities, understandings, atiitudes, and inte:est 4o Dbe

ot

ou
achisved.

T AT - : “s [V B B U U R SN - :
lacvie tests or neasures and determination of tho

3., Selection of ova

R LI,

objectives or which no standerd measuring devices are available.

8a



5¢ Avrmlicziion of various forral and informal tests and teclinigues
in order to male judrsments about individual and group srowth and devel-
opment in each of the major objectives. (16)

Wrizhtsicne and his co-writers pose several crucial guestions which
should help apprazise tho adequacy of a program of evaluation.

l. Is tne design of tie evaluction program comprehensive so tnat
it incliudes not only abilities, s*il.s, and understandings, but also the
iess tangible oojsctives of learning and instruction?

2. Are cianges in the behavior of individuval the basis for eval-
uating ais growth and development, since total buhavior of the individual
saould be the concern of tio teacaer and supervisor in every situation?

3. Are results of evaluation organized into meaninsgful interpret-
ations so that a portrait of an individuals growth znd development and the
interrelationship of such growth become evident?

4. Is tioe evoluation program continuocus and interrelated with
curriculum development? (17)

Torgerson and Adams quote Wrightstone's characteriztics of a good

evaluation vrogram stzted in Appraisal of Hew lementary School Practices.

les.cevaluation must...be compatible with purroses...

2eesoa prozram of evaluation be comprencnsive. It should not be
limited to a few isolated goals, or objectives, but should
include all mejor objectives of instruction.

3....for a variety of major objeciives of instruction no adegquate
metinods or instrumints for collecting reliable evidence are
availazble until valid and reliable tecnnigues are evolved
such »bjectives must be avpraised by as czreful subjective
means as p»ossible

4ese0a variety of means and techniques must be used for zetaering
cvidence...New tecianiques must be developed and old techniques

must De revised and modifies to mect new needs. (18)

Use and Misuse of Evaluation, Measurement, and Data Obtained

Many uses »f evaluation have already been made evident through the

discussion of the characteristics of and steps in evaluation. Shane and

9e



eSwain and Wrightstone et al., are most thorough in their treatment of
the utilization of evaluation.

Shane and MeSwain distinguish 12 specific functions of evaluation
in inproving elementary education.

1 children

+-

l. TFocus teacher's attention on developmental changes i
as he studies their behavior and its meanings.

2. Pamiliarize teacher with tools and tecnnigques used in studying
and analyzing the nature and causes of behavior changes.,

3, Sensitize teacher voth to the subtleties and importance of
interaction.

4. Increase skill in interaction as the evaluator works with others.

5. Broadens the teacher's awareness of a child in a total environ-
mental situation,

6. By its involvement with value analysis, evaluation suggests and
clarifies goals for the school and ways in which they can be captured
successiully.

7. Demands constant curriculum improvement, which is in step with
the changing times.

8. Provides the basis for gauging growth of a child witzout primary
emphasis on academic achisvement alone,

9, Promotes individual classroom instruction,

10. Improves public relations - involves parents and other members
of the community.

11, ?Provides a high type »f on~the-job education.

12, S3trengthens democracy since evaluation depends on the use of
derocratic prosedures for its successful fulfillment. (19)

drigntstone et al., are more svecific in their outline of the uses of
evaluation data:

I. Administrative uses -~ provide records of pupil adjustment, interests,
aptitudes, and achievement A
A. Data may be entered on vupils cumulative record and become a
basis for evaluation of the individual's growth and progress or
that o the class group.

B, May provide reports to varents to supplement opinions about the

10.



pupil by documentary evidence (tests, questionnaires, interviews,
anecdotal records).

C. Iake available more systematic and objective records when a
pupil is transferred.

De Provide periodic reports of school progress to patrons of the
community.

Z. Data from sociometric, personality, aptitude, and achievement

4

I
tests maybe consulted in the classification of pupils for instruc-—

7

ticnal purposes.
I1I. Instructional uses -

A, Supervisor may determine the status of a class or pupil in some
of the major objectives of the curriculum in crder to evaluate
teaching methods and instruciional materiels, and indicate changes
in instructional yprocedures and pupil~teacher relations.

B. Teacher and supervisor may discuss guantitative and qualitative
data to agree on varicus instructional and learning problems.

Ce Tezcher may use results to determine the status of a pupil in
variocus objectives of tie curriculum.

De Teacher may identify gifted, "normal,"” and slow-learning pupils,

. Teacher may grourn pupils for instruciion purposes within the

sl

classroon.

!

. Teacher may analyze or diagnose an individual puvil's difficulty

and rate of growth.

G. Teacher may determine the status of an individual or class at ths
beginning and end of the term.

H, Anecdotal records, observations, rating scales, personal reporis,
interviews, and sociometric methods zid tne teacher in guiding
more wisely the growtlh devoclopment of the purils.

'I. Data on personal and social adaptability may help:

1. identify pupils wio ars well adjusted and those poorly ddjusted.

2. iagnose probable causes of conitributing factors of the
maladjustment.

3. set up individual and group conditions and situations to aid,
when possible, growth toward better adjustment.

Je Socionetric data may identify leaders and isolates so that social

11,



K.

L.

IIT.Educational and wvocational guidancde of most value in

reclations may be established within a classroom that contribute
to the maximum social develonment of each.

Interest inventories indicate vpuril interests and permit the
teacher to counsel pupils and adapt thae curriculum to their needs.
Case studies are usually necessary for only ssriously maladjusted
pupils.

Cunulative record may be studied to evaluate and guide the growth

and development of every zupil.

beyond,

IV. Research uses

A
iLe

Data may be gathered by various evaluation tec.niques in order to
study the eifectiveness of different methods of teaching a subject,
or meeting rersonal-social needs of the »upils, or in order to
judge tihe effectiveness of an exverimental irogram, sucn as the
core curriculum.

avaluaticn research may bs conducted by a research bureau of the
city school system, of a coilege or university, or an individual
interssted in advenced graduate worlk,

Researcn may be undertalen in order to obtazin information pertinent
in the fcllowing:

1., Diaznostic studies of learning difficulties

2. Age or grade place

3, Curves of learning Tor varicus curricular maierials

4. Correlation among various measures of aptitude, ability, and
4.

personaxity chzracteristics, and cass studies of pariicular

pupils, (205

Wrightstone and his coliaborztors go on to summarize misuses of the

results of evaluation as bveing:

1.

If the design of tie zppraisal Irogram is narrow and linited, the
testing program nmay tend to determine emphasis upon siecific objects
of the curriculum to the detriment of others and to thc detriment

of desirable itrends in upil growia.

Test results of 2 rartial nature may be used 1o estimate or rate

a teachsr's teaching ability,

12,



3. Reliable and valid instruments of measure are restricted to an
appraisal of limited astects of pupil benavior or growth, thus
maxing it impossible to measure the whole rezuit of an educational
process by one test or a battery of tests. (21)

Douglas and Spitzer elaborate more fully on the effects of measure-
ment or they point out its possible effects uron instructional procedures,
learning procedures, and research, If tests, reguired for use by a
supervisor or tue administration to measure puril acihievement, mezsure
learning outcomes which tue teacher has been trying ¢ achieve with the
pu-ils, then ne is encouraged to continue or intensify efforgs in that

)

direction. Effects can be detrimental if the tezacher stresses factual
nowledge in his instruction and the tests measure only this learning
outcome or when a teacier is disc.uraged from uxphasizing yroper learning
outcomes because tests measure only factual imowledge. Concerning the
learning procedure, cnildren learn tihe wisdom of learning what they

will be tested on. The kind of evaluaiion envloyed affects the children's
learning procedure and determines their actual learning objectives.

Tests and activities included in other evaluation technigues

give children their most tangible clues 1o tne goals they are

to achieve. EBvaluation must be designed so children may ddentify

the Tight goals for their learning. If undersisndings are our

Zoals our practices of evaluation must include means of measuring

sucnh outcomes,

Inadecuate representation of understanding in stzndard and other
tests has affected educational research adversely. Douglass and
Spitzer roint out that the worth of experience program is usually
appraised in terms of test data, and frequently a standardized test is
the only instrument used to mezsure the outcomes. Sven wicn researchers
make their own test, the practice of measuring only unrelated facts
and forpal siills is prevalent. Data obtained in such a way may not
show significant differcnces between thne experimental and convention-
al procedures even when differences which aré not educationally
significant. Consequently, in many exveriments, the evaluation has

-

been incomplete or inapuvropriate. The writers are auiek to add that

13,



this

is not inevitable: meaningful learning outcomcs can be neasured.

Cne of the importan® functions of cvaluaiion, as recognized by

11 of the writers but esvecizlly emphasized by Rothuney, is %o aid in

reporting.

st

[WH

4
P

Marks

1) co

2) coup

There is a demand for information that will tell parents and
others with definiteness where itielr cailcdren are showing
strengtihs and weaknesses as judged by normal expectations of
cnildren of their ages and opportunities...also a demand for
information tuzt describes a pupil's wrogress in a way
analytical enough to give nelpful guidance and to indicate
vucil®s likelihood of zuccess in continued work...need for an
inventicn of a way %o direct the minds of pu-ils, parents,
and classroom teachers away fror mariss toward tiue fundamental
objectives of educazion. Zuch reports nsed to siow a nreclation
for t.e poorest pupil's good qunlities, wille t.c Besv yuril's
wealnesses ar: pointed out. When reports can do t.uese tiings
and alsc add recommundaticns of ways in whieh puvils can be
irelped to covercoie ea! neose~ and use strengtns more Gflecthb

L

1y
thsy can become potont tocls in tie imvrovement of schools. (23

)
Relaited to Rothney's staiements concerning revorting is the
of shortconrings of grades pressnted by Baron and Zernard.
tend tos
1. Beccre an end aim of education
2, _mpnasize subject matter (puril develoument snould be the
aim)
3. Discourage good teaching (grades becorme incentive)

Cause teacher to overlook differences, except puvils to

I
-
.

prosress at sare speed, in same way
5. Crcate a situation that iz "unlike life"
6., Fenalize those wuwils most in need to nelp
7. iave little meaning in taemselves (su:ject o different

valtes, judzments, interpretati.ns, etc.)
Baron ard Zernard contract geauline evaiuztion and grading as
mmunication with versus compmunication 1o tae verson concerned,

©il development versus subdject-matter erciasis, 4 wuidance versu

etitica with oneself versus competition with others, 3) enphasis

S

(22)

judgment, anc 5 erz.asis on t.e troducts of learning versus ithnr symbols

of les

vrning.  (24)
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Characteristics of a Good Zwvaluztion

Any verson invelved in selectin.: or construciing evaluation
instrunents or teciniques needs to deternine whedner or not it oscesses

certain ecsenial crnaructeristics. A1l of tue sources on eva.uaiion

«

wnicihy T consulted were z.reud up.n tuese craracieristics wit. differences

PRI

only in dogree of emviasis or in s igatly different classificacions.

for exanple, riz:tstone et al., give t.e qualities for judsing eval-

[ ]
iy

ot

vation tec..niques as validity, rciiabli ity, cbpjectiviiy, norm, and

yracticability; (25) Torgersor and idams classi shen as validity,

—~

5
reliabi.ity, adestacy of norms, zud usebi.ity; (28; and Auman and Gluek
list tas charzcteristics as norms, vaiidity, and reliability. (27)
In tihe latter two reliability is consicered to inciude objectivity.
Jrigntstone and his assoclates describe tne gualities for judging
evalua.ion tecnniques as follows:
1. Validity — characteristic waicih. indicates t..o relatiocn of tue
nezsurenent or diagncsis wita meaningiul criteria of learaing
Jr benavior., some canigues arc seclected to show toe effcet-
iveness to prediet futurce periormance, ol.ers to indlcate
irrediate svatus, estadbliss ta:o representative nature and

scope of content or bewavior, or provide data lor tuc sun-

reunologzical tlhsory.

port or rejection of zorce 3

baot

2. Reliability - indicates consicteacy, equivalsnce, or sta-—
"bilizy of the meazsurement taat is ovtdined.

3. Objectivity -~ indicates identity cr sirilarity -7 scores

or diazgnosis obizined frorn sane data by cgus.ly comzetent

scorers

4. Horm - proviacs averagze or tyricel value fuor & zelsure or

»

diagnoesis cotzined by administering a nmeasuring instrument
to a specific rornulation sc subscguent scores or measure of

wical values

¥ be conparsd with tao

-

5 rracticanility - indicates feasitvility for zencral use of tie
vest or cvalivaition tecinigue on such basis as cost, time required
Zor adninistration, euse of adi inizstrati.n, ease of scoring,

ease of interpretation of . e results. (20)

J.j.



Torgerson and adams go on to discuss reliabi.ity, nrauwing several
statements of importance to tie concern in this paper.

They point ous factors afiecting the reliability of any test as being
the lengti of tue test and t.e objectivity of tue test wisi rescect o
its administration and scoring. Pfas longer a test is the more extensive

is the smmpling. 7Tre more Lorogeneous or less variable toe c.aracteristic

one is test.nz, the smaller the sampling can bc, In selecting or con-

.

structing & diagnostic test one need nct e so consclous witlh the lingth
as witin the number of items of eacr type inciuded. As far as object-
ivity is concerned, it should be considered & means to an end. Lnraasis
on objectivity of ccoring, say t..c writers, nas led {o shalliowness or
superficiality in measuring., [he goals for waiicn achievement is neasur—
ed most eazsily and most objectively Lave been siven greater empuasis in
the evaluation progran tran other more significant objectives. They
advocates as ths best prccedure maiiing an eveiuvative instrument wiich
acliieves as hign degres of objecilviiy as rossible without sacrificing
tne more important criterion oi validity.

Torgerson and Adams illustrate witi: an account of observations
to remind us that the factors descrived as affecting the reiiability
of a test are ecusily significant for informal evaluation tecanigues,
Tne sannling >f beuavior observed throug: pariicular trocedure nust te
of sufficient size and representztivensss. The more conviex and hetero-
geneous tne bahsvior being studied, tie more variable it is from sit-
uation to situation and tze broader the samrling snould be. Cbject-
ivity in applying informal technigues is zlso important, but suoculd not

be gained at the cost of validity. (22)

lajor Zvaluation Technigues

By the reading of Ahman, Baron, Shane, Torgerson, and .rigitstone
and tohelir associates it is possible to obtain an undersianding of
the types, uses, and qualities of major evaluation tec.unigues. The
autzors use different formats ovut include generally the same tech-

niques described at one rlace or another in tieir books.

16,



Ahpan, Glock, and Jdardeberg list common evaluatiicn procedures as

Test
1.
2e
3.
bo
5e
Hon-
1.
2e
3.
4
Se

ing procedures

Individual and group tests

Informal and standardized tests

Oral, essay and objective tests

ipeed, power and mastery tests

Verbal, nonverbal, and performance tests
testing procedures

Interviews - a.) ‘eaciier-pupil and b.) Teacher-parent
Questionnaires

snecdotal records

Jociometric devices

Ranlring and rating procedures

Baron and 3ernard describe different techniques which are most

beneficial in specific evzluations in a particular area dealt with in

each individual chapter in his book. One chapter is concerned with

auch:

evaluating puril acrievement and would include the most important tecio-

niques for obuaining this informationj anotner chapter ¢oncerns -studying

interests and attitudes and might include some of tne same techniques

but would alsc include others of little use in evaluating achievement.

Torgerson and Adams (32) and Shane and MeSwain (33) use thissame tech-—

(31)

nique while Wrightstone, Justman, and Robbins devoie a whole chapter to

eacn of their classifications of evaluative techniques, defining the

techniques, describing their data and resulits for various uses. The

techniques are categorized as:

1,

2.
3-

De
6.

Te

Obje

ctive tests

Classified by a) psycnological characteristics and b) technical

features

Anec
Cral
Ques

dotal records and observational technigues
and essay exams

tionnaires, inventcries, and interviews

Checklists and rating scales

rers

Zoci

onal reports and rrojective itecuiniques

ometric methods

17.



8. Case study
9. Cumulaitive record
Arightstons et al., deal with warious evaluvations, such as evaluzting

-

achievement in language arts znd matnemetvics, cvaluating interests,

]

eveluating thinking 2nd yroblem—solving, in separate clatiers. In sach

chapter he suggests variosus evoiuvative technigues applicable to the
particular svoiuvation desired. (34)

We notige in the classification of tecanigues given by wrisnistone
et al. emyaasis on sns iniormal and suvojsctive, or non-iestiing vrocedures.
Great enplhasis is put on these inlormal evaiuvation technicgues in all

uli

riters stress tie failure of

O
—

sources on evaluation consulted, ALl

standardized and tezcaer-mang opjccetive tests in getling a true sicture

T taw whels child.

&

Rothney woints out the main purpose of testing ic not to rank or
grade‘jupils but to assist clascroom teachers in obtaining evidence of
growth. He is crphatic in stuting that specialists in measur:iment hove
largely failed in constructing standardized tesis to meazsure the totality
ol behaviors "The traditiosnal mathematics and logic which they use are
handmeiden's in t:¢ science of a riccemeal mschanistic view of tie world...
They have not yet produced the total understanding of the human verson-
ality which thc classroom teacher must have.," (39)

arightstone and associates state that altuocugnh test technieians have
recognized both the ability to auply information and skills in croblen-
sclving and related factors, such as interests, attitudes, and versonal-

~

social adjustment, as learaning oulcomes, these itechnicians showed little
concern about ithe measurern:nt of the less tangibls aspects of educsiticnal
- g 7~

growth. (36)

"he varisus writers in The lMental Ieasurements Yearbook secm to

reiterate tais conclusion in their evaluation of the variocus sublished

£

sasurenent devices, esvecially tiose to measure aculevenent. (37)

>

Jouglass arnd Spitzer, in 1945 showed condern over teacners in increasing
numbers adoutirg "new-type" objective test forms, convinced that the essay

test was unrelianle zand that its wsalmeeses could be avoided by using ob-

s
©
)
<3
{5
)
o
o

jective tusts. oSince framing "thought gquestions® in tone oatter
tests was cifficult, too freguently objective testing became cxelusively

fact testing. The writers go on to criticize otlLer rocedures to esvaluct

18,
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learning pointing out thet nany times oral questioning can ne satisfied
with memorized statcnents and mechanical sypills and thst ften the wrong
sect ls appraised in a wide ranse of Yworlt nroducts, sucﬁﬁé composition
or ovird house, by walch we undertale tc judge learning. Douglass and
itzer emchasize that tesis made by teachers, cther forms of evaluation,
and standard tosts are alike in giving little attenticn to understanding
and call for the condition to be corrected, the effeccts upon tezecning,
learning, and research beinz great. (o7
Dorgerson and Adams loor at ths aifferences between objective and
subjective methods of evaluation and sitate that by subjective itecaniques
the results vary somegwnat according to the baciground, point of view,
and th: stondards of Judgment avplied by the evaiuvator. The effectiveness
of subjective nethods dervends upon tie itraining, experience, and skill of
thio teacher and upon her freedom from personal »rejudice or personaliity
traits which would tend to bias or distort her results, dbut these methods
nave tne acvanizge of pernitting the teacher 1o study the "whole cnild®
in a natural setiing. Tiese two men ar: espeocially concerned with cur

recomizing tant tlic cinlld rezcts as o total being and that sur understanding

of thispescential if we arc to educate or modify any part of him., Hoting
szriations in o child's spontanecus responses o different environmental

situations are especizlly helpful to t.c teacuer. They emphasize the
importance of ths teacher developing a zroficiency in using subjective
metnods, showing thot growth in the ablility to study children talzes place
over a pericd of years znd must incliude 1.) opportunities to study indivi-
dual children, 2.) an understanding of chiild psychology, 3., an under-—
standing of child growth and development, and 4.) increased objectivity. (39)
Baron and Zernard speak of anecdotal records, rating scales, and
observation as »roviding valuable data Tor cvaliuztion and nes Turtaner to
suggest the use of creative writing, drawing, and painting in evaluating
pupil behavior. (40) They discuss as promising pracilces in evaluation
1.) letters tc :arcnts, in place of the conventional report card, 2.)
home visits, 3.) tezcher-parent confercnces in ks school, 4.) self-
appraisal by the pupil, 5.) teacher-pupil ‘onferences, 6.) bteacier-

vupil-parent cinferences, and T.) culnulative records, including wersonal
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data, chronology and address, confercnce notes, record of atiendance,
achiecvenent-test data, significant bwehavior or uersonality observations,
and anecdotal reports. (42 ater in this paper their consideration

of sgif-anpyraisal as an important educatiocnal objective and of assistance

in trhe evaluation nrocess will be mentioned.

Teaching For and tvaluating Understanding

Douglass and 3pitzer in The Importance of Teaching for Understanding

spealr of understandingsas practical necessitiss, without which we can react
only to familiar sitvetions, and then only in a rcutine nanner. “hey
noint out advuntages of learning wiith vnderstanding, its economomy, permanence,
cumulative effect, und functional vilue. The modern concepiion of education
as no longer being ccncerned wit: closed systems and cumpartments of learning,
but with ideas, attitudes, and skills, wuaich influsnce actual living now
and in the future, calls for a measurement of understanding which the
writers feel is neglected. They exomine sanmples of tests which are found
to measure little else but factual knowledge. (42)

findley rerinds us that it is unreasonable to expect any teacher to

measure all underst.undings, or sven to measure a1l as ects of a single

+

tnderstonding. ie lists as vrincircles aszplicable to the evaluation of
understanding, some of which may givec us new insightys

1. In every subject-matter arsa there are available ai present many
well-imown procedures for the evaiuation of understanding.

2. Do »rovide evidence of understanding, an evaluation situzstion must
contain an eierment of novelty, but not too nucis novelty.

3o Understanding is of many vinds and many degrees and evidence is
to be sought on zrpropriate leveols,

a. variation in subtleiy and complexity of situatiocns
b, variation in intellectual and social distance

de Procedures zmployed to measure understanding should provide
evidence of aurrecisztion of primary reality.

5. Since iantelligent behavior in many situations involves thne ability
to recognize tic relevancy and sufficicency of data, evidence of this ability
should be sought.

6. unvidence ¢f understanding is to 2e found in the originality of the

performance on the part of thz rupils.
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7. Bvaluative procedures should be selected with due regard for the
likelihood of their evoling evidence of the kind of understanding that is
required.

8. In odtaining evidence of understanding, care should be exercised
to insure tnat a pupil's response reslects his actual level of understanding.,

9. The orogram of evaluation snould be planned so as in foster the
develorment of habits of self-appraisal on ithe pert of the puvils. (43)

Several of the points made by Brownell and Zims in stating the
general concept and essential characteristics of understanding might
be well to keep in mind when considering evaluation of such:

l. You may say a pupil understands when he is able to act, feel, or
think intelligently with respect to a situation.

2. Rather than being all-or-none affairs, understandings vary in
degree of definiteness and completeness.

3. The completeness of the understanding to be sought varies from
situation fto situvation and varies in any learning situation with a number
of factors.

4. Pupils must develop a wortiwhile understanding of the world in
whicn we live as well as with symbols associated wita the world.

5. lost understandings should be verbalized, but verbalizations
nmaybe relatively devoid of meaning.

6. Understanding is develored as 2 punil engages in a variety of
experiences ratner than throcugh doing tae same thing over and over.

T. Zuccesszul understaznding comes in large part as a result of the

methods emuloyed by tae teacier.

el

5. The :ind and degree of a rupil's understanding is inferred from

e
observing what he says aad does with resvect to Lis necds. (44)

avaluating Attitudes, Values, and Interests

Jrigihtstune and nis collaborators devoite a chapter to the considerationn
of evaluating attitudes .nd values. He looks at tue varicus tecunicues
which may be used in this evaluation. The few standardized techniques
nave limited arvlication in the classroom and their curriculusn relevance
is relatively low. Teacier-made technigues include cbservaiion and vpater-

vencil tests, anecdotal records, cuecilists, and logzgs; tnc presentaiion
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of a variety of stimuli and of sociodrama to elicit specific belavior
for ocbservational surrsoses. rfaper-and-pencil tests, t e most fresuently
used in attitude tesiting, include agree-~disagree inventories and check-
lists, rating scales, social-distance, paired c mparisons, and free-res—

ponse aprroaches. .rightstone entchasizes that a favorable atititude

toward a person, object or aciivity, connected witn schivol is niore likely

to motivate a person to do well, and since negaiive ztitivudes toward
these factors hanper maximum learning, the teacher siould be aware of
attitudes. ALttitudes and v:lues a.so indicate how one can expect weople
to behzve in future situztions. The importance ol atiiiudes and values
should be recognized in the whole vrocess cf zroblem—-solving. ( 45

irightstone attenpts to define atiitude and vailues and further stotes
tnat trey snould not be seen as separate and distinet from suvch elements
as interests, needs, aptitudes, and emotions, but as interrelated factors
in the nature and develoosment of tuae total person. In a learning sit-
vation, new information and knowledge may lead to a cnange in attitude
and values; t.e develoument of profieciency in any given skill may result
in fevorable attitude toward marticipation in a particular classroom
aciivity. (45)

Baron and Bernard speax of studring interests and attitudes in ihe
classroon as providing information useful in 1.) understaading pupils,
interest and exzeriences, 4.) studying and cevaluaiing pupil's interest

nanges, 5.) helping puzils to (&) cecome aware of their interests,
( ) evaluate their interests, and (c) increacze their undersianding of
toemselves, and 6.) stimulating tuhougnt zna discussicn among »uoils
oncerning the implications of their inturests. (456)
Baron and Bernard list as methods of studying interests observation,
interviews, written reports and tests of pupils, questicnnaires, and
suweclally designed inventories. Listed methods for studying attitudes
include observation, interviews, ratings, various types of atiitude and

opinion scales. Foints concerning observaitional records are suggested,

22,
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2.) discovering motivation possibilities, 3.) relating teaching to wuypil's

(47)



Bvaluating Thinking and Problem—3Solving

Another chapter in Zvaluation in Kodern Bducation concerns the

evaluation of -“hinking and problem solving. John Dewey is referred to
in stating that the complete act of thinking involves the task of finding
meanings and irying them out in order ito determine whether a particular
course of action satisfactorily solves a problem in accord with social
values. Thinling is the process of solving problems, irightstone et al.
view the problem—solving situation as a complexity of anumber of eleuments,
consisting of'

1. A problem (What should I do?)

2. Courses of action (Jhich course of action should I take?)

3o DLimitations and assumptions (What conditions do I take for granted?)

»

4e A set of valuez (dhat actions will be consistent with my values?)

k..

N

5. Reasons and consecuences (Jhat will hapven if I do each of these %:
6.

Solution and verification (vwhat best solves my problem?)
Taere arc few standardized tests Tor evaluating puvil thaining and
problem solving ability. Observation .nd interview are most useful
in all grades, and paper-and-p.ncil technigues may also be used in upper

grades. (48)

Zducational Diagnosis

Of assistance to us in contemplating evaluation may be Torgerson and
Adan's scrutiny of measures of general status and diagnostic miasure. A
measure of general status is one in which scores are used as a basis for
mariing, grading, or ranking purils, for determining how much of a skill,
ability, or rersonality trait a puril possesses. In a diagnostic measure
the total score is relatively unimportant, and the pattern of res:onse is

of major concern. Distinctions are not always clear-cut; some tests,

6]

such as the California iAchievement Tests, are tests of general status,

but many feaiures assist in diagnosis.
o

ings?)

The wrivers review tne quections to which diagnosis can rrovide answers.

Results from dlagnostic tests assist in answering "Who are the pusils
having trouble?" and "Where arc the errors located?" iLdditional diagnosis

is reguired to provide more

4]

»ecific answers to tne second guestion and

to reach the tnird level ¢f diagnosis, "Why do these errors occur?" (49)

Later in their book a crapter is given to the treaiment of educaticnal

diagnosis, including its inportance, the level of diagnosis, siteps in the

23



process, and basic principles of corrective instiruction. (50)

Our Concern in avaiuation

Before conciuding this section concerning evaluation in general
education I would like to memtion that Torgerson's and Adam's consid-
eration of the place of evaluation in the teachers y»rogram may nrove
very useful by pointing out certain limitations, talking into consideration
ner total re=ponsibility involving the group instruction program and the
study of the individual child and by envhasizing the impossiblity of
effective teaching without studying cnd undersitanding eacn cnild. (51)

As we prepare to focus on the evaluation ian mathematics it will
serve us to keep several summarizing points given by Torgerson and Adans
concerning evaluation and the modern scnocol,

l. The wides.read individual differences in ability and in achievement

in a typical class pose & crucial problem wihich the teacher must under-
stand and resolve,

2. As significant as the variability in aptitude and attainment within

a class is thz variability of strengths and wealnesses within each in-
dividual c¢aild,

3. Studying and understanding tue children are essential to good teachning.
4. Stendard tests are important tools to aid tezchers in understanding
caildren,

5. ‘The use of sitandard tests necds to be supsolemented by other tecinigues
of ciild study.

6. lany teciniques of child study must be understood and their uses,
limitations, and advantages recognized.

Te Child study data must be interpretted objectively.

. loeasurement, eva.uation and individual instruction are inter-

related aspects of effective teaching.

9. The school nust accept the responsibility for teaching every child how

et
(o]

read, compute, write, spell, and acguire understanding within the linits

<

£ nhis capacity.
10, 4n effective vrogram of individual instruction reduces ths need for

remedial educasion. (52)

24,
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READINGS IW THE AREA OF
EVALUATION IN MATHEMATICS

Change in ths Concept of Mathematics

The changes which have taken place in the concept of education,as
enumerated in the preceding secticn, should perhaps have served to re-
volutionize instruction and evaluation of matheratics more than some
cther subjsct areas., Let us consider what several writers have said
concerning a change in matiematics instruction and evaluation.

Bathurst, in How Children Use Arithmetic,states three major objectives

in helping children use arithmetic today:

l. o zelp children understand number concepts in daily living.

2. ‘o teach children to compute or figure with the skill required

in everyday activities.

3. To help children improve their ability ito recognize in their life

problen situations that regquire comrutation or other use number,

Bathurst stresses that a large partv of the emphasis on arithmetic in
modern scrhools is concerned wit: helping children understand the system
of arithmetic cr number which we use and its place in our culture. In-
struction begins (1) when children have a problem such as finding how
many books are needed for a small group and (2) when they have had ex-
pericnece counting objects and reasoning about them and adding a2nd sub-
tracting through moving objects about. (53)

Buswell speaks of the conspicuous gain in the last 15 years as being
the general acceplance oi the idea that arithmetic must be taught meaning-
fuily. He goes on to discuss the difficulty of discovering how pupils
think when the outcome is understanding. The main emphasis of this writing
is that we need to obtain more mowledge of the way in which »upils think
at varicus levels of learning. He lists six methods of studying purils
thinizing, proposing that more attention be given to descriptive studies. (54)

Heaver writes,in 1955, that the change in arithmetic instruction in the
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past two deccades Las brought increasing concern for the vrocess of learning
as contrasted with the product of learning. dow children learn is at
times more inmvoritant than what they learn. He re-enmvhasizes points made
by Buswell concerning th: teacLher's awareness of the levels of thin.ing
em- loyed by her children and Lac imvortance of the use >f .ne interview
technique in which caildren "think aloud" ac they respond to specific
quantitative situations and their related questions. (55)

2iller analyzes tne effectiveness of the reaning method and con-
ciudes tarough his experirsntation that the meaning method is definitely
more effeciive for the area of computation ol fractiosns, in establiishing
retention in “ae process of cimputation as well as in the understanding
of the =rinciples of arithmetic, and for :the comprenension of complex
analysis in arithmetic indicating a potential sureriority for difficult
concen~ts., (56)

Glennon in Testing lleanings cons.iders the lag in the develovment of

adequate methods and devices fhr measuring growih in understandings and
meanings in arithmetiec and attributes certain causes t- lags in other
asvects of tie arithretic teaching-learning situati-n. (57)

Anman et al, snpeak of tecunology and the jobs of the vphysicist, banker,
astronomer, and economist, the inconceivable sveed and accuracy of the
calculaiions of computors. The goals of instruction reflect taese trends,
say tae writers; no longer is teaching "tioe tables," and tne "joes-in-to's”
an adeguzte yoal for teachers. Undersianding is tiie invportant outcone.
(58)

Another recognition of ciange is noted in the writing »f Shane and

o

LicSwaine. They advise tlhat the process of evaluating the results of teachins
and learning in the meanings auvroach requires professional cumpetence on
the part of ths teachers, rore class time devoted 1o questioning, reas-ning,
and wroof, and greater ernchasis on teacher diagnosis and children's

diagnosis of how yroblems are snlved. (59)

The current trend for math insiruction to stress ths development of

understandings of math vrinciples, generalizations, and relationsinips than
had -revious. .y been done is re-emphasizad in Gray's and lioody's writings

in 1966 and in 1968 by Ashlnci. Gray Ppoints out tazat arithmetic facts

and comuutational skills are now seen more as tools for the developing

27



deeper and richer insights into the nature of math than as ends in
themselves, HNore elementary pupils are encouraged to think and act
like mathematicians, discovering important mathematical ideas for them-
selves., There is refocused attention on the problems of evaluation.
Gray reasons that the traditional evaluations of pupil progress by
instruments which primarily were measures of speed and accuracy were
defensible while arithmetic was conceived as a body of facts and com—
putational skills but are inadequate as measures of the kinds of undersitand-
ing now stressed. PFeeling an urgent need for an instrument to evaluate
both pupil prosress toward acquiring these mathematical understandings and
the effectiveness of the new programns of instruction, Gray describes his
experimentation with an interview inventory in "An Approach to Bvaluating
Aritimetic Understandings." (60)

Moody states thzt it is desired that a student develop a maturity in
thinking mathematically and in facing new mathematical situations. It
is now seen as important that a student understand the structure of
mathematics and develop an idea of nhow a mathematician thinks., There
is an attempt to wean studentis away from accerting statements without
questioning and from overgeneralizing and assuming. He suggests a test
which attempts to measure a person's ability to handle mathematical con-
cepts. (61)

Ashlock recalls that the findings of psychological and educational
research support the emphasis placed on mathematical understanding in
the past 30 years. He feels that the exisiting literature indicates that
aritametic achievement tests have been made to create tests of the under-
standing of tie properiies of ithe number system. The vurpose of his
study is to develop such a test. (62)

Sueltz enumnerates recent dewelopments and pressures which have
caused evzluation of the instructional program in mathematics to become
more important.

1, New mathematics curricula are being advocated and tested by

' experimentation and research.
2. DNew mathematics content is avgilable and is being proposed for
inclusion at several levels of instruction.

3. New devices and materials of instruction are being developed
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and promoted by financial resources never before available to
our schools.

4. New principles of learning are being emphasized in the presentation
of mathematical concepts.

5. Society is demanding greater mathematical competence of all citizens
than ever before.

6. National survival may depend upon the development of new mathematical

concerts. (63)

The Program of Mathematics Evaluation

The definitions, characteristics, and principles of evaluation provided
in the preceding chapter are helpful to us in deternining of what math-
ematics evaluation should consist. Let us now focus our attention on
writing pertainly directly to the subject of evaluation in mathematics.

Ivaivation is distinguished by Grosznickle and Brueckner as a "contin-
uous process of inquiry concerned with the appraisal, study, and improve-
ment of all aspscts of the instructional rrogran in mathematics, including
rupil achievement." The evziuation process is broken down into six basic
stens which are briefly exrvlained by the writers.

l. All major goals and vulues of the mathematics program nmust be
deternined and accepted. These reflect the ideals and wishes of the com—
munitye.

2o The objesectives, botn inmediate and ultimate, should be based on
a svystematic analysis of individual and group needs,...clarified and for-
mulated in terms of desirable benzvior on the part of individuals and
groups concernad.

3. Sters must then be taken by aryropriate procedures to collect
evidence of acnhievements and growth with resrect toc t.e established
gozls and values as revealed by changes in the behavior of the learners
in social situations in the work of tae sclivol and community life.

4. There should be an examination of the scnool environment and of
instructional practices...The contacts of children both in and out of
school should be analyzed.

5. BSyntaesis and interpretaticn of all of these findings concerning
1

growih and educational practices 1s the final step in evaluation,
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leading to redefinitions of goals and values, as may apnear desirable,
and to the planning of imrroved ways and means 1o attain the accepnted
cbjectives.

6. The schools should act throughout to secure the interest and
cooperation of parents anld all community agencies concerned with growth
and development »f children in evaluating the total matnematics orogran
and in planning its improvement. (64)

Grossnieckle and Brueckner give five basic steps in develouving
metnods of evaliuating tne important cutcomes of the mathematics progran
tazt are nelpful in selecting and constructing zprraisal instruments,

l. Formulate the objectives clearly

Clarify the objectives

Collect test situations and items

LV
.

. Record the behavior

N

5. 5valuate ihe beaavior and interpret the record (63)

Hartung begins his chaoter on "Basic Principles of Lvaluation" with a

A

description of the nature >f the evaluation trocess. After definition
of wvaricus terms 1e finally defines evaluation as the process of finding
the extent to wnich the actual cxceriences (bechavior in svecified sit-
uvations) conform to the objecetives (desired exrerience). He notes the
distinction between evaluation and measurement.

In education the term 'measurement' refers to the process of
gatrering certain types of data for the purpose of evaluation.

It also inciudes part of the process of analysis and interpre-
tation, but not all of it. The calculation of the mean score for
a class that has taiten a test is part of the measurement process.
The interpretation of this score will usually carry one into the
broader domain of evaluation. Interpretation may require value
Judgments that are based on the value position or educaticnal
vhilosopay of the teacaer or school. It is this aspect of the
process which has led itc the adorticn, during the 20-year zeriod
following 1934, of the term 'evaluztion'® for the comzlete trocess,

Appraisal, according to Hartung, refers to a comparison of the measured

zenievement of one group of students with the achievement of other, pre-

sumably comparzble groups. (66)

&y

Basically, stutes Hartung, tie purpose of education is to change students

from a given state of experience io a desired state by means of a varicty
of appropriate learning exceriences, some of which may be used as a basis

for evaluation of acikievement. To evaluate in this way, we measure at
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intervlas ani try to determine whether any chnange has occurred in the
students,

Hartung gives the steps in the evaluation process as follows:

1. Adequate formulation of the objectives for evaluation purposes

2. Selection of sample situaticns in which the desired student be-

havior may legitimately be expected

3, Obtaining 2 record of what happens in the sample situations

4., Analysis and interpretation of the record

5. Determining desirable changes in objectives, learning activities

and instructional methods, techniques of evaluation, materials,
and facilities, and oither aspects of the curriculum (67)
Principles for formulating objeciives, measuring attainment of an ob-
jective, and tne criteria for staiing objectiives are treated fully by
Hartung before ne continues to speak specifically about the program of
evaluation., According lo igrtung, the evaluation program refers to all
the activity of the sciaool staff in collecting and interpretting data for
evaluation purposes. The program should satisfy-eertain criteria, including:
l. Comprenensiveness, 7Tihe program should try ito evaluate with respect
to all tae important objectives that are identified by the teachers.
2., DBalance. The enphasis on all the important objectives should be pro-
portionate.

3, BSystem. ISvaluation should tazke place at regular intervals so that
growth may be measured.

4., Changes effected by evaluation (68)

Brownell re-emphasizes tha: there should not be a separation
between nezsurement and instruction. Attempts to establish a separtion
has unfortunzte effects upon classroom evaluation and teaching alike,
such as l.) removing the measure further fron the imnediate learning
situation, 2.) limiting tie measurement to outcomes most easily assessed,
3.) lirmiting unduly the teciniques serviceable for eveluation, and
4.) creating confusion wiih respect to vrurposes of evaluation. (69)

Cf wortnh for us to keep in mind are several recommendations offered
by Brownell 1l.) svaluation and teaciaing should start with all arithrmetic
outcomes which are deemed worthy of atitainment; evidences would then be
obtzined, as far as possible, on all types of growth at all stages in

&
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this growth. 2.) Any procedure which might shed light 5n learning
should be accerted and utilized. 3.) Evaluation procedures should be
adapted to the ends for which they are best fitted and 4.) evaluation
should be continuous with teacning and learning, with evidence being
collected deily. 5.) Eveoluations should be immediate and intimate,
reflecting ithe unique conditions, emphases, and factors affecting
learning in particular classrooms. (70)
Brownell views comvrehensive and functional evaluation in arithmetic
as derendent upon the effective relating of a number of factors.
le An adeyguate statement of arithmetic outcomes
2. Recognition of the peculiar demands of different purposes in
evaluating learningz ac the demandsaifect evaluation vrocedures
and instruments
3. A vracticable program of evaluztion
a, mowledge of effective procedures and their limitations
b. a realistic understanding of what can and cannot be done by
the classroom teacher
c. the actual planning and designing of the evaluation procedures
Marks, Iurdy, and Kinney include an exitensive discussion of planning
.and carrying out the evaluation program. They remind us that the emphasis
in any given program is determined by the purposes, For instance, for
diagnostic purvoses, a nighly detailed analysis is occasionally required
in some outcomes. Of note is their comment that any outcome that is
neglected in the evaluation is inevitably overlooked in the learning
activities,
¥arks et al. restate other writers description of measuring the
effectiveness of learning procedures by the extent to which learning
has occurred and the need for teachers to continuously apprraise taeir
own success, Jt is necessary to determine not only how plans are woriing
in general but the effect on each individual rupil. The writers stress
that for this reason all @lassroom activities must be conducted on an
experimental basis and continuously adjusted to the process revealed by
appraisal.
The planning of the program of evaluation reguires further definition
of each outcome in terms of »upil behavior. Procedures are then required

for providing situations in which the behavior will be revealed, and for
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coliecting a record of tie behavior., Regardless of the purpose of
evaluation ard the procedure say liarks et al., the key question is,
"If the procedure were eifective wnat resulis would be observed?" and
more suvecifically, "Whet kinds of puril bdehavior woulid indicate learn—~
ing, or failure to learn? ihere, and in what situation will such be-

havior occur? How can a record of such behavior be obtained?" (72)

The Role Evaludation May Play

Grossnickle and Brueckner explain that on the basis of the inform-
ation about children's growth and development secured by evaluatiion
procedures, judgments cen be nade as to the effeciiveness with which
the mathematics program meets the needs of the children and of tiae
community and also about the guality of the program. Subsequently,
plans feor dealing with the problems that emerge can be considered. (73)

Brownell catergorizes the purposes of evaluation as l.) diagnosing
ciess and individual difficulties, 2.) inveniorying xmowledge and
abiiities, 3. ) determining tie extent of learning over a limited veriod,
4.) measuring learning over a relatively long period, and 5.) obtaining
a rough measure for comparative purposes. (74)

The purvoses of the evaluation program, according to Marks et al.,
besides providing a continuous cnecit on instructional procedures, are
as follows:

1. 7To reveal stages at which pupils have arrived in ithe learning

process,

2. To identify group and individual need for review and reteaching.

3., To record puril progress, and report it to purils and parents. (75)

Sueltz's chapiter in fvaluation in Mathematics discusses the role of

evaluation. JSeveral excerpts may prove enlightening in showing weys in

which evaluation may be used.

Zvaluation, an essential part of the mathemaitics program at every
level, should be the handmeaiden of instruction and learning. It is
not a separate entity in a good school program. It may serve to
improve tne insiructional program in the school, fo en:ance the
eflfectiveness of the teacher, to aid the student in learning mati-
ematics, and to furnish valid data for research.

avaluation can identify and define steps and levels in the sequence

that are appropriate for a given grade or age level, Careful
evaluation should suow not only how far a pupil has progressed in
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the major sievs of a sequence, but aiso how well he has understood
and mastered a particular siep. Good evaluation will show the facts
and siills mastered (and those not mastered) by tue student, his
attitude toward the subject, and the depth of undersitanding and
insight accompanyin: his work.

Evaluation is useful in deternining tne relative use or difficuliy
of learaning, aprlying, or remerbering a iopic, and it serves as a
guide in scaling and arranging curriculum materials.

Evaluztion provides valuable data tnat is used in reporting to
parents, in advising on scnool programs, and in studying many

Py

aspects of curriculum and scuool programs.

Feasurenent can determine a great deal about ithe ctudent's mental
aoility, his liles «nd dislites, his social develozment, his
emotional meturity, his determination, his heslth, and hlS baci-—
ground of exzerience znd learning 2t a Tarticular school level.

Jnis information has an immediete bearing uson his votential suc-
cess in 3 given area of mainematicc.

Jdhen a student izles a tust he must tuini and perform overations,
usually with a fesling of concern and intense concentrziicn. His
test response, tiherefore, are apt to be remembered longer than a
casual learning experience, wuizzing informally or interviewing
for evaliuvation surposes may also be used to foster reorganized
thiniting 2nd better undersizuding. (76)

Criteria for Judging Zvaluation Technigues

a1

The various writers emphasize itne imporisance oi careiully scrutine-

el

izing the qualities of any meiazod or instrument of evaluatiion. The

variety of cils

uators use th

o

ssifications ané enpiases may be great but most eval-

{J

sane genera. criteria,

@

dartung discusses means of securing a record of student behavior,

naming validity, relevence, reliability, and objeciivity z= necessary

gqualities of a measuremcnt tecaniques. (77) The criteria Grossniciktle

and

are

Brueckner designate to ve considered in selecting uppraisal nethods
similar Sut include a helpful explanation of each,.
l., Tae Values of the Craracteristic or Asject of Growith Tested

Does tne test claim to measure an asvect or characteristic of

pupil growtar in winich you are intirested? Are the educaticnal

(SN

outcomes listed of undoubted value and significance
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2. Validity
Loes the test actually measure what it Turports to measure?
3. Reliability
Loes the test measure accurately? Wiil cnildren tend to get
the same scores if nmeasured again?
4., Zase of Administretion and scoring
are the direciions for administering tle test clear and
easy to follow? In <ne test fairly easy to score? Are the
tabulation forms cleur?
5« Provizion and Usability of Standardized Norms
Does the test yield scores that are well defined and ade-

quately standardized? Are the scores readily understandable? (78)

Jhat to valuate

As we contemtlate wihat to svaluate in mathematics it is imporiant
for us +to lteer in mind thet the “eacher of arithmetic is the <eacier of
the whole child, as Glennon and Callakhan staite, and it is his responsibility
to develop those social and mathematical understandings, attitudes, zabits,

prreciations, sirills, and avilities, personal, soclal, ond moral values
essential for living in a derocratic society. The teacner must be aware

of the total growth of the learner if ne expects to guide total growth.
Accepting responsibility for deveicying thae whole cihild, the teacher must
also accept responsibility for messuring ths whole child. Glennon and
Callanan review *hc incompleteness of a testing program using ‘teacner-made
and paper-and-pencil tests only and .advocate tne use of 1 variety of
tecaniques and devices, allowing the study of a child's process of learning
as well as tne outcomes of learning.

A complete progran in evaluaiion, say +tne writaors, will measure

growth in the ability to make judgments in quantitative situations, the
ability to do mental a¥ithmetic, attitudes toward arithmetic, the
appreciation of the uses of arithmetic, and other outcomes. In addition

to teacher-made, paper-and-pencil tests, and interviews, it will make use
or real and contrived problems situation tests, dramatizations, anecdotal
records, growth charts, and others. (79)

Ahman et al., consider the usefulness in evaluating punil zchievenment
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of informal or standardized aper-and-pencil tests in checiing whetr-er a
pupil kmows the proper yrocedure and can malle correct calvulations., They
also enphasize the equal importance of observing the times and ithe ways
in which 2 pupil uses these sizills in his personal and social 1ife. The

writers describe +the best situation in wnich toc evaliuate ihe degrec to

L

5

waich objectives concerning rathematics have been acuieved as belng a
"vermissive but nrovocative environment," a classroom in which ogportunity
to apply siills learned in arithmetic exists in numerous and varied Torms.
Ahman and his ccllaborators categorize the matnematics learning waich
should be evaluated as follous:
1., Ability to read terms and symbols
a. Reading symbols and abbreviations
b, Reading grashs

2. Skill in conmputation
as Basic facts

e Understanding the processes

c. iHonial arithmetic
de doriking with fractions
e. Denominate numbers
f+ Stendardized tests
g. omstimating and checling

3. Aritometic problem—solving ability
a. 3eeing relationships
b. Solving problems

4. ©Social applications of mathematics
a. Personal use
b. History of number
ce Attitude and interest  (80)

Shane and KNc¢Swain pose six questions to which teachers should direct
their attention when seeiring information about children's understanding
of and developmental abilities in arithmetiec, They later treat the
evaluation of desired outcomes in aritihmetic by listing questions which
may be used by teachersin measuring the developmental progress made by
children in learning basic meanings and operations in elementary math.
These questions are listed under thc categories of desired cutconmes

a.) in counting and the number system, b.) in addition, c.) subtraction of,
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d.) multiplication of, e.) division of integers, fractions, and decimals,
f.) related to equivalents, g.) in practical measurcment, and h,) in
solving problems. (81)

Many lists of objectives or desired outcomes in arithmetic learning
nave been recommended. Sobel, and Johnson (82) and Shane and licdwain (83)
are sugrested for reference, and ocutcomes suggested for evaluation by
Grossnickle and Bruecimer are ypresented in relation to evaluation tech-
niques in the folliowing section. Because of its comprehensivensss,
Brownells list of desired arithrmetic outcomes is reproduced:

l. Computional 35kill

Facility and accuracy in operations with whole numbers,
common fractions, decimals, and percents (This group is
separated ifron ftins second and third groups because it can ve
isolated for measurement, In the separation much is lost;
computation without understanding when, as well as how, 1o
comrute is an empiy skilli, Computation is only important as
it contributes to social ends.)

2. lathematical Understandings

a.) Meaningful concepts of the quantitative, the number system,
whole numbers, conmmon fractions, decimals, percents,
measurement, etc.

b.) Heaningful vocabulary of useful technical terms of arithmetic
which designate quantitative ideas and the relationships between
them,

c.) Grasp of important arithmetic generalizations

d.) Understanding of the meaning and mathematical functions of the
fundamental operations.

e.) Understandinz of tie meanings of measures and of measurement
as a rrocess,

f.) Understanding of important arithmetic relationsiips, such as
those which funcition in reasonavly sound estimation and
approximation, in accurate checiting, and in ingenious and
resourceful solutions

g+ ) Some understanding of the rational princi les which govern
number relations and computational procedures.

3. Sensitivcness to Number in Social Uituations and the Habit of Using
Number Effectively in Such Situations

a.) Vocabulary of selected quantitative terms of common usage
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be) Knowledge of selected business practices and other economic
applications of number

c.) Ability to use and interpret graphs, simple statistics, and
tabular presentations of quantitative data

de) Awareness of the usefulness of the quantitative andwumber
in dealing with many aspects of life

e.) Tendency to sense the quantitative as part of normal experience,
including vicarious experience, as in rezding, in observation,
and vrojected activity and imaginative thinking

f.) Ability to make (and the habit of making) sound judgments
with respect to practice quantitative problems

g.) Disposition to extend one's sensitiveness to the quantitative
as this ogcurs socially and to improve and extend one's ability
to deal effectively with the gquantitative when so encountered
or discovered.

Throughout the readings much emphasis is given to evaluation of
meanings and understandings in arithmetic and ofthe child's thought
process} treating these subjects most thoroughly are the writings of
Ashlock (85), Glennon (86), Sueltz (87), Brownell (88), and Sueltz et al.
(89)e Particularly helpful on the subject of evaluating children's
thinking and how they learn are the studies of Hoody (90), Buswell (91),
Weaver (92), Grafft and Ruddell (93). The evaluation of attitudes and
appreciations is well covered in the writing of Corcoran and Gibb (94),
Sueltz (95), and Dutton (96). The importance of evaluating motivation
is best described by Sueltz (95).

Methods of BEwvaluation in Mathematics

There are an increasing number of techniques which have been used in
evaluation, an increasing number which are being proposed for use, and
a great need to apply these and new ideas in evaluatiwve techniques
effectively. Let us first consider general procedures.in mathematics
evaluation and then attend to some criticisms of present technigues and
recommendations for srecific evaluatiiwe procedures, paying particular
attention to the less conventional, more informal methods.

The most valuable methods for evaluating mathematics learning
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ovjectives are listed by Grossnickle and Brueckner as:
1. Standard tests and objective test procedures
a. Standard tests
(1.) Achievement tests
(2.) Readiness tests
(3.) Diagnostic tests, dealing with specific phases
b. Unstandardized, short-answer objective tests
(1.) &Simple recall or free response
(2.) Alternate response
(3.) Multiple choice
(4.) Completion
(5.) HMetching
2. ©&valuation by less formal procedures
a., Analysis of behavior in some problematic situation
b. Use of behavior records
(1.) Controlled conditions involving checklists, rating
scales, time studies, recordings
(2.) Uncontroclled conditions involving anecdotal records,
diaries, reports by self and others, observation of
behavior in the classroom and elsewhere, reccrds of
social agcncies
ce Inventories and gquestionnaires about attitude, interest,
activities, and methods of study
d. Interviews, conferences, personal reports
e. Analysis of qualities and merits of some product (i.e. a
graph or an oral rerort)
f. Sociometric vrocedures to study social relations (97)
They discuss standard tests as providing a basis for determining
the effectiveness of an arithmetic program as a whole. By careful
selection it is possible to secure fairly satisfactory measures of
such outcomes as (a) computational skill, (b) ability to solve verbal
problems, (c) knowledge of arithmetic vocabulary, (d) knowledge of
social applications of arithmetic, (e) ability to read maps, graphs,
and tables, (f) functional quantitative thinking, and (g) understanding

of the number system and number operations.
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Grossnickle and Brueckner demonstrate how different techniques

may be applied to evaluate specific learning outcomes in the following
table,

Qutgomes

The learner is:

1.

24

3.

4

Developing meaningful concepts
of numbers and the decimal
number system

a.) Understands the meaning
and function of place
value

Uses symbols to express
numbers of all kinds
Understands why numbers
"hehave as they do"

b.)

Ce)

Beconming skxillful in the funda-

mental operations and the ability

to apply them

a.) Has control of knowledge of
the basic facts

b.) Understands the meaning of the
four aumber operztions and
their interrelationships

c.) Has skill in computations

Can solve real and vicarious
rroblems

Developing competence in utilizing
the system and instruments of
measurement and quantitative pro-
cedures in dealing with problems
of every day living :
a.) Can read and use the ruler
b.) Has skill in using measures
to describe and define quan-
titative aspects of objects,
events, and ideas

Developing desirable interests and
attitudes toward mathematics

a.) Hakes voluntary contributions
of significance to class
discussion

b.) Reads widely about mathematics

and its uses

Is resourceful and inventive
in dealing with quantitative
aspects of problem situations

c. )
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Zvaluation Techniques to Apply

Objective tests of understandings

Observation of daily work

Interview with the learner

Anecdotal records about contri-
butions

Demonstration by the learner

Standard tests

Informal tests, from text or
teacher-prepared

Observation of behavior

Analysis of daily written work

Interviews to test understanding

Anecdotal records

Problem—-situation tesis

Objective tests

Behavior records and ratings

Rating of performances product

Interview ‘

Reports of responses in other
curricular areas

Interest inventory

Ratings of interest in activities
and toward curriculum content

Observation of behavior

Self-rating devices

Interview

wuestionnaire of activities



5. Developing effective methods

of studying and learning Tests of effectiveness of learning

6. Developing desirable behavior
patterns andéd zood citizen traits Observation of behavior
as aresult of group activities Problem—-situation tests
a.) Reveals cualities of leader- "Guess-who' tests
ship Rating scales
b.) Participates effectively in Interviews
group work and committee wihat would you do" tests
assignnments Tape recordings
c.) Is able to attack real problems
systematically and effectively (98)
Dumas suggests several ways in whick we can study chiidren to find
out about individual abilities and learnings:
1. OCxamine records accunulated from reports of past teacrers, nurse,
parents, and others
2. Listen to children as they take part in discussions involving
arithretic, either directly or incidental to some other topic
3, Observe pupils at work on arithmetic problems
4. Ahnalyze parers on which cuildren have worked problems involving
number relations. Look for maturity of method, as well as for
acCuracys
5« Interview each ciaild to discuss with him his own analysis of
strengths, weaknesses, and interests
6. Give tests of various iinds
a.) Readiness tests - discover how well prepared caildren are for
new worx
b.) Diagnostic tests that reveal particular types of difficuliies
individuals may be facing
c.) Achievement tests - indicate general levels ciildren have reached

mathematics

a.)

Kakes an agressive attack
on learning of facts and

procedures
Observation of behavior
Rating of behavior

operations Interviews

b, ) Uses manipulative and visual Records of activities
aids 1o develop insight Questionnaires

c.) Practices systematically to Self-rating procedures

develop mastery of the skills
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de.) Teacher-made tests - ascertain the success children have had

with what has been taught

e.) Intelligence tests - general (and tentative) idea of each

cnild's abiiity to leara arithmetic

Dumas algso reminds us thut the simple procedure of having a caild
say aloud what he thinks as he works will pinpoint his difficulty in
working processes such as 2 figure multiplication, long division, or
subtraction of unlike fractions, (99)

Many different classifications of evaluative procedures are given
such as Brownells and Shanes., Brownells general classes are 1l.) paper-
and-pencil tests, 2.) teacker observation, 3.) individual interviews
and conferences with pupils, and 4.) pupil reports, projects, and the
like. (100) shane and Brownell list instruments for and procedures
in evaluaticn as l.) achievement tests, 2.) informal teacher-prépared
diagnostic.instruments, 3.) teacher-child interviews, 4.) evaluation of
written work, and 5.) use of textbooks and workbooks. (101)

Considering the emphasis on the less formal, and certainly un-
standardized, techniques for evaluation it is well for us to scrutinize
tnese techniques., Although each source contains some discussion of each
of these procedures and some of ithem will be further elaborated uzon
later in this paper, we will consider the writing of Marks, Purdy, and
Kinney concerning observational procedures, anecdotal records, checiklists,
and rating scales.

Observational proccdures are possible through the teachers daily
contacts with her pupils., By continuously collecting information on the
progress of individual pupils, observational procedures can perhavs provide
the most valuable information. Two possible weaknesses of such procedures
are that l.) there is apt to be no record available when the teacher needs
it and 2.) important behavior is apt to be overlooked or forgotten.
Standard procedures have be:n designed to make observation more valid by
providing safeguards against these two possibilities, the most common
being anecdotal records, checlilists, and rating seales.

Markset al. suggest that a teacher have a pad handy on the desk
for keeping a record of haprenings. Their design for anecdotal records
vrovides for two entries: 1.) what happened, and 2,) what it probably

means (its significance). Any interpretation of behavior is tentative
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and subject to revision as more anecdnies are collected. With sractice

a teacher cun becone =xillful in the use of anecdotal recards to rale
observatisn an effective evaluative vrocedure., After becoring accustoned
to their use, the teacser tends to see much more of what is gning one.

A checklist is defined by tiese authors as memoranda of beaavior to
look for, with provision for maxing notes. He gives an example of a
checrlist to evaluate interests of a class in mathemalices wiih guestions
such as "ire they willing to do wori: beyond the assignment?" and suggests
that with little variation, a separate blank Ior sach pusil, a checl list
could be devised to avply to each individual puril, The notation would
then include the date and concise remoranda of what happened, 3By looking
through the blanxs atv the end of the nonth, th: teacher would mow who
had demonstrated interest (as defined) znd who had not. Whather or not
to dsvise a choeklist for a rparticular outcome depends won wietirer there
is a need for specific information., If a teacher feels that he may be
neglecting certain outcomes, or if he has any gues.ions as o the ef-
feciiveness of his procedures, then a caeciilist serves to indicate
these points,

Rating scales may ve used instead of checlilists in order io record
arpraisal along with observations of behavior. A sample item on a

rating scale mignt look as follouws:

Never QOccasionally Preguently
1., Does worx beyond requirements
Or it might be in grapbic form:
l. Does not turn Turns in assignment Turns in assignment Does work
in assignment if urged on own accord beyond
assignnent

A check is place above the phase most nearly descriztive of the ty ical

performance.,
that

Marks et al. point outpany special observa.ional procedures are time
consumings waether any should be used devends on whether infnrmation
is real.ly needed and whetner the outcome is important,

They continue to take under consideration teacher-made tests, examining
types of questions, diagnosis of puvil difficulties, and standardized

achievement tests., (102)

43.



Some criticisms of some evaluation rrocedures and recommendations for
new techniques have already been evidenced. Glennon in Testing Meanings
in Arithmetic relates the causes of the lag in the development of adequate
methods and devices for megsuring growth in understanding and meanings in
arithmetic to the lag in other aspects of the arithmetic teaching-legrning
situation.

The causes are stated as:

l. The changing role of arithmetic in the curriculum from the science of
numbers to a "tool subject!

2. The narrow interpretation of practical education (philosophy of
pragmation) well supplemented by the psychology of the teaching-
learning situation (emphasizing facts and rrocesses).

3, The mental security which teachers and supervisors find in the present
process of telling, drilling, testing.

4. Thinking of arithrmetic as aseries of arbitrary associations, each
association being an entity in itself and having no relation to
other associztions,

5. The degree to which rresently avaiiable itests impinge uvon and striate
the aims and objectives of learning in arithmetic. (Teachers tend to
teach for learning they know is inciuded in standard test.)

6. The lack of a definitive list of understandings and meanings, (Lists
are ambiguous,) (103)

This particular writing of Glennon concerns his fronitier research
study in the area of testing for meanings in arithmetic. Iiis method is
the mass administration of a paper-and-pencil test and the data gathered
vrovides limited evidence .f the meager degree to which teachers up te
that time had beought about growta in meanings and understanding. Glennon
errhasized the need for more such studies to help teachers in teaching
and testing for meanings in arithmetic.

Buswell's research mentioned earlier proposes that methods other
than objective need to be used in secking an understanding of how pupils
think when working with numbers. He suggests as surplementary to some
of the objective studies, more attention be given to descriptive studies
of how pupils think. Reccgnizing that these methods leave something

to be desired in the way of quantitative evidence, he feels they may
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provide leads which later may be followed by more objective methods.

He emphasizes the difficulty in discovering how pupils think when the

outcome is "understanding rather than confusion.," The point he brings

out through his writing is that we do not know the nature of the meaningful

experiences which make up the thinking of pupils through various stages

of learning until a full maturity of understanding is reached. He presents

six metnods of studying pupils thinking.

l. Teachers study the development of meanings from year to year as rupils
progress through the grades,

a.) FKeep a systematic record of pupils' responses to a common group

of exercises or cuesiions

b, ) Statement of recommendations which indicate the nature of a

pupilts understanding from grade to grade and shed light on
tne problem of learning at various levels of maturity

2. Keeping records of a puril's responses based on "thinking aloud"
while he carries on arithmetical operations.

3, Froviding rtupils with an ample suuply of manipulative aids and
asking them to illustrate correctly algorisms they exzress abstractily
in numbers,

4o laking a diagram of varicus procedures in solving a problem and use
this as a diagnostic tool, tracing the steps of an individual's
thinking.

5 Use of unusual procedures in computation and the use of number
systems with basis other than ten (Helps one become more aware of
thinking ‘rocedures involved in novel situztions).

6. lethods of getiting objective evidence.

(example: using a metrome or string rendulum to make possible a time

analysis of a pupil's operation in arithmetic) (104)

In syeaking of progressive levels of meanings Buswell exzlains the
the same orperaiion has different meanings 1o a child as 2is understanding
of the number process develops. Teachers need to mow both the array
of mathematical meanings wiich melte-up a2 subject and the levels at which
various meanings can approonriately be learned. The teacher must
understand tioe successive levels of a2 upupil's thinking in order to

help him develop clear meanings at every stage of the learning vrocess. (105)
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weaver elaboratcs on one of Buswell'!s techniques invelving "thinking
aloud.," He illustrates with a descripiion of z particular teacier's pro-

cedure =i presenting individual crildren with 3" x 5" cards eack conitzinin

653

different multiplication coumbination., If the child's answer to each
was not autonaiic tien he "thought oubl loud" as he attempted to find the
product, and the steps in his itiinuing were recorded. (106)
Gray examnines the interview tcchnigue describing it as facin, a child
with & vrovlen or example, letting nin find a sciution, and thnen challeng-

4

ing or quesiicning zim Yo elieit nis highest level of understanding of the
process. Gray directs attention to wealmesses of the interview itecaniave
wiicn have left findings of sucih teciniques open Lo guestion.

1. Reliability

a.) West-retest reliability - There are only a small number of items
and because of itiac rractice efiect test-retest reiiability is
doubtful,. Reliability must rest upon careful interview pro-
cedures and thc training of <the interviewer.

b.) Inter-interview reliability -~ When a team of interviewers are used
it is desirable to be assured tiat all members of the team will
score a given response the szme 7ay.

2, iconony of administration - Some interviews reguire 45 to 50 minutes.

3. Ztatistical analysis - Data fron interviews are freguently reporied in
terms cof gross resulis or in percretages which do not lend to so-
rhisticated statistical analysis. This is due parily *o the fact

taat suca statistical procedures arc not widely used and =arily

to a lack of sufficient discrete caitegorization of interview restonses.{107)

Gray atteipted to develor an individual interview inventory which

would surmount some of these limitations. The inventory was used in
connection wiih an experience in tezcaing introductory muitiplication,
but it is felt thai the basic approach has wide arvlicziion. The pur-—
pose of the inventory was to present 3rd grade subjects wiih a number of
multiplication examples for eaci to do, which, togetaer with careful
gquestioning, would reveal wuetier or not they demonstrated a ratiocnal,
mechanical, or rote memory type of understanding of the multivlicaiion
operation.

Gray gives an explanation of nis selection of items, develuping the

scoring tecunijues and criteria, the selection and trainimg of the inter-
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viewers, and tho strengths and limitations of the inventory. He concludes

that this type of individual interview gives fairly sound evidence of

varying levels of understanding that do exist among childrenj conventional

tests of speed and accuracy do not rprovide this type of information

necessary for evaluation -f tiae outcomes of the new aritametic rrogram. (108)
Noody sets forth examples of items which might be used in a paper-

and-pencil test to obtain evidence of pupils' thinking. If tests are

to attempt to maasure a person's abiiity to nandle mathematical concerts,

says Moody, we should select and develop questions which indicate now he

"thinks" about mathematics, instead of what ne recalls,

1+21=22

22 4 22 0 23
2Dy .2

AP L

Examples 2

(ae) Fill in the blanks above.

(b.) From part (a), a student might conclude that 2" + 2 = 2_

Hoody further explains that it is more enlightening to study a person's
concept, for example, of an angle as related to triangles and other geometric
forms than to ask him to recall a possible series of meaningless words
memorized to define such a figure. (109)

Ashlock, concerned about arithmetic achievement itsests being com-
putationally oriented, undertook to develop a test of understanding of
selected properties?;he number system in the primary grades, The test
was so constructed so it was suitable for use with children in grades 1
and 2 and yet have high degrees of reliability and validity. Ashlock
gives a full description of his purpose, procedures, findings, and
conclusions. Zome of his sample items might be worth our inspection.

The orally presented directions had repetition built into them.

Ordinal Number Concepts
"Place your finger on D, Now in the row of numerals after the "D"
put an "X" on the numeral which shows the number nearest to 44 when you

count by ones. Put an "X" on the numeral which shows the number nearest
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t0 44..-

D % 39 41 50 49

Place Value

Place an "i" on the numeral which tells how many ones tne "2" in the
box really stands for.
AL 147
+ 90 2 20 200 2000
2394

Commutativity for Addition

Draw a line through the row of pictures that shows the same idea as
is shown in the box,

D 3+5 = 5+ 3
# + 0 - A+ #
o+ A = # + o
# v+ D= Ay oy
# + A = 4 A

Identity for Addition

Put an "i" on the numeral which could be used instead of the question
mark to make the example true,

|

(110)
Phillips gives several examples with which most of us are familiar

at least for ideas of enrichment. As a test of understanding a multi-

plication algoririthm for middle grades she suggests putting the following
exgmple-with~a-hole-in-it on the board:

482

%36

2892

17352
Then tell pupils to imagine that they have forgotien all the multi-
plication facts, but that by using what they see here they can find the
answer to 482 X 36. If they sense immediately how to do this (17352 -
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2892) they understand tre multiplication algorithm, whether or not
they usually write the '0!' in the second partial product, says Phillips.
Another suggested procedure consists of asking pupils to discussg two

related examples, such as these, item by item:

247 - g } &
%83 247 (20501
741 19750
1976 741
20501 741

They should use some scheme (perhavs golored chalk) to point out
related items., Then we should ask questions: "Why do we have '1976!
in the multiplication example and '19760' in the division example?"

"Do you have to write the 'O's' in '20501'2?"  (111)

Of interest to us in the study of Grafft and Ruddell of cognitive
outcomes of the SKMSG mathematics program are the techniques they employed
in an attempt to evaluate (1) the children's understanding of the
mathematical principles recognized as part of the structure of math, and
(2) the thought processes of the children. The researchers focussed
on the operation of multiplication to secure three types of information.
I wish to direct our attention to the first two which wereg

1, A measure of multiplication computational ability, using con-

ventional achievement tests, categorized accordingly:
a. Whole numbers
b. Common fractions
c. Decimal fractions
2. A measure of understanding the structure of mathematics, using

iwo types of tests

as A noncomputational, objective test measuring certain principles

and properties of multiplig@tion. Multiple-choice and true—
false test items concerned the following principles:

l.) Commutative property

2.) Associative property

3.) Distributive property of multiplication over addition
4.) Identity property of one

5.) Inverse relationship with division

6.) Multiplication as repeated addition

7.) Place value and the decimal system of notation
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be. An individual interview inventory which presented children
with the task of completing multiplication examples and was
followed by careful questioning in order to reveal the
followings

1l.) Ability to apply an algorithm

2.) Ability to explain a multiplication operation

3.) Ability to explain placement of partial products and why

partial products must be added

4.) Ability to explain decimal point placement

5.) Knowledge of the inverse relationship of multiplication
and division
6.) Ability to multiply common fractions
7.) Knowledge of place value and the decimal system of numeration
8.) Knowledge of the idea of the distributive, associative,

commutative, and identity property of multiplication

9.) Ability to apply a variety of methods in the solution
of the examples (112)

Sueltz, Boynton, and Sauble mention the role of computation and how
it should be taught for understanding before bringing attention to its
evaluation. I'or measuring understanding, say these writers, it is most
fruitful to combine all of the usual procedures of evaluation, 1) use of
written tests, 2) observation of daily work of the pupils, 3} interview
of pupils during and after their work, and 4) self-evaluation by the
pupils. Written tests are useful when they are prepared for a specific
purpose. Illustrations are given to demonsirate the particular value of
observations aad interviews because they reveal when and how errors have
been made. It is again emphasized that measurement and evaluation should
be stages of tac complete learning process, not ends in themselves, The
authors indicate that if pupils really understand principles involved,
they should be able to extend the principles into both (a) more complex
spcio~economic situations and (b) exercises with large or peculiar
numbers. Pupils may be asked to state a problem similar to a type of
problem that uses a particular process. (113)

The writers designate several inds of understandings associated

with computation and list questions and exercises which might help in
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evaluation under each one, I will reproduce only one such question under
each understanding.

l., Understanding the usefulness of a process, as, for sxample,
that addition is used for combining and grouping.

Questions such as the following one are suitable for this group

of understandings and may be used in paper-and-pencil tests

followed by discussion:

a.) John has 7 marbles, George has 15, and Pete has 12, How
can you find how many all 3 boys have?

2. Understanding based upon the relation of one process to another,
as, for example, the relation of addition to subiraction or
multiplication.

a.) Karents allowance for 7 wecks was 25¢ a week, FPFind the
total amount of her allowance in 2 different ways.

3e Understanding dealing with technical mathematical relationships
in a process, such &8 "carrying" in addition
a,) What aappens when the 9 in the space in a speedometer changes

to the next higher number? How is this like carrying in
addition?

This exercise and the others given serve best with
interview and discussion to show degrees of understandings
by individuals,

4. Understanding wiich depends upon a general mathematical sensing
of number relations and leads to appreciation of reasonableness
in results, as, when & number is muitiplied by 4 the answver
should be 4 times as large not 40 or % as large.

a.) Fick out statements that are always true. lake examples
to illustrate those which are sometimes false.
l.) %hen a group of numbers is added, the sum is always
greater than the largest number.
2.) The product of 2 numbers is more than the larger of
the 2 numbers.

Any number divided by itself has a guotient of one.

W
-
e

daen a number is multiplied by one, the product is

EEN
.

one larger than the number,
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5.) When the same number is added to both terms of a ratio,
the value of the ratio is increased. The reverse is
true when ihe number is subtracted. (114)

Sueltz et al. emphasize that observation, discussion, and interview
serve better than paper-and-pencil tests in evaluating pupils' ability
to understand ithe principles znd procedures he uses in computation,
Paper-and-pvencil tests readily yield marks or scores but the writers
point out that a teacher who works closely with his or her pupils should
be able to form judgments of their understanding of their understanding
of computation which is as fully reliable as scores obtained from
written tests. A rich baclksround in mathematics is required on the part
of the teacher if understanding as well as mechanical si:ill in computation
is to be evaluated,

The authors continuve withx a demonstration that tests in understanding
may be consitructed so they measure degrees of understanding and are thus
useful for diagnostic purposes. The sample items wuresented in 13 categories
sugzest a.) types of items that can be used, and b.) the range of materials
that can be covered. The items are constructed so they may be used in a
raper-and-pencil test, but the teacher is urged to observe pupils while
at work and interview afterward to discover why a pupil rejects some
answers and why he finally selects what he considers correct. (115)

The writers advocate measuring a pupil's sensitivity to number in
a social situation and even his habit of using numbers effectively in
such situations. Formal tests reveal only g portion of 2 pwoil's desire
and ability to use his mathematics information in social and economic
gituations., The ideal way to judge a pupil's sensitivity is by observation
of his behavior in his accustomed environment. It is difficult to observe
ciildren in their natural out of scuiool nabit, but school situations
are available and ought to be utilized, such as the measurement, estimation,
and judgment which goes into planning for a Valentine box. ‘iritten tests
are particularly useful in measuring a pupilts zbilities to use mathematics
if tests are follcwed by discussion, and thus serve as asiteypy in the
teaching process as well as a measuring instrument. Sets of "multiple-

cnoice" exercises are suggested under the classifications of:

52.



| i
*

>
.

Knowledge of vocabulary of quantitative terms

Knowledge of business practices and economic uses

w N
.

L

Interpretation of data presented in graphs and tables
Usefulness of quantity in many aspects of life

Using numbers in normal and vicarious experience: judgment

o WO
.

Disposition to extend one's sensitiveness to the quantitative (116)
Barlier the different learning outcomes as distinguished by Ahman et al,
were presented. They elaborate on each outcome and give suggestions for
the evaluation of its different aspects. I will only mention teciunigues
waich vary from others already discussed.

Understanding »Hrocesses - Have the child analyze each step of an operation

with paper-and--pencil, using a code or set of abbreviations.
Bxample: Addition +3 Subtract -3 Hultiply x; Divide =; Transform Tj
L ]

Remember R; Write in answer W

37 X 4 sevens, 28 ones
X4 x TRWK + W or T 2 tens, 8 ones
148 R 2 tens

W 8 ones

X 4 thirties, 12 tens

+ 12 and 2

W 14
Pupils can help develop the code, providing further opportunity for the
teacher to evaluate their understanding of the process.
Mental Arithmetic

Brighter children may workout shortcuts for working out algorisms,

lake use of the abacus. 3ince rods and beads merely tally results,
a good understanding of the basic process is necessary in order for
tne pupil to manipulate the abacus.
Working with Fractions

Zvaluative tecaniques using a number line, decimal ruler, or
large decimal scale

Denominate numbers (measurement function)

In early school years, ciildren tell what comparisons they make
(big compared to what®)

Have puril measure a desk, etc., explaining as or after he performs.

53.



Pose questions and tape responses for objective evidence

Have plane figures in the classroom measured for their perimeter
and area

Use paper-and-vencil tests for diagramming measurements to scale,
blocking out a given area on squared paper, reproducing shapes of
plane objects

Seeing relationships
Present a number table of appropriate material and ask the child to

cite as many relationships as he can.

Have the child build magic squares which can be evaluated in terms of
his ability to- see relationships between numbers,

Ask the child to consiruct a table showing relaticnships he sees
among a given group of facts.

Solving problems
Have the child explain a solution to a story problem without specified

numbers or quantities, or merely have child write out the equation
if numbers are included.
Have the pupil construct a picture or diagram of a problem sclution.
Ask the child to make up a problem of his own., Careful analysis of
the results shows what information the child selects from a situation,
his ability to assign to think in terms of arithmetical processes.
Have the child develop a set of questions to ask himself when attacking
a story problem.
Have the child restate a problem may provide insight into the thinking
ability of the child,

Personal Use of Mathematics
Have the c¢hild give other illustrations of a given process, measure,

or application from newspapers, magazines, radio, or television.
Oral presentation or discussion by the individual also indicates
real understanding.

History of Nunber
Present early-day meihods of computation and ask the children to

determine how the oreration is performed, in order to evaluate

his interest in and understanding of the real meaning of the process.
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Attitude and Interest
To evaluate the degree to which a caild enjoys estimating, playing

with shortcuts, and number magic, observe how much he plays with

sucnh materials as cross number puzzles, "nimble" number t{ricks,
riddles and stories with numbers, dominoes, '"spinno," bean bags,
hundreds board, counting block.

Keep a record of children who do enrichment work. (117)

Suggested under Brownells ourth class of evaluative procedures are

a variety of activities useful for tesaching and evaluation.
Pupil reports, projects, and the like

Individual or group reportis: "How Number Is Used in the Bank",
"How We Got Our Figure T", "Lucky Numvers", "irithmetic I Use on
My Paper Route", '"Where Our leasure Come From", etc.

Trips offer occasion for detecting awaremness of the quantitative.
Children who during note and after describe uses of arithmetic are
clearly more advanced in their appreciation of the social significance
of number than are others.

Events in the history of number can be dramatized, permitting evaluation
of the level of quantitative thinking which has been atiasined.

In primary grades the ability to act out or picture events in verbal
problems reveals understanding of the process meanings.

The preparation of scrapbooks, models, posters, and special exhibits,
involving number and quantity may reveal the level at which children
have ac:ieved in their imowledge, understanding, and quantitative
sensitiveness gs well as teach tihem new concepts, skills, etc.

Meanings, understandings, and appreciationi:of arithmetic are most

difficult to evaluate objectively, reliably, and validly by means of
tests. Brownell stresses that these outcomes are more susceptible to
evaluation, none too objective or reliable, but valid, when evaluation
escaypes the limits of testing and tales the form of one of tae above
procedures. Ti: advantage of special reports, dramatization, and
picturization i3 that they instigate behavior in which outcomes appear

in natural relations and functional reality. (118)
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BEvaluating Atiitude

In "Measuring Attitudes Toward Arithmetic" Dutton is concerned about

the noticeable lacking of objective measures of atiitudes toward elemen—

dary school subjects., In this article he reported the attitudes of pros-

pective teacners toward aritometic as determined by an objective evaluation
instrument. The main findings reveal that atititudes toward arithmetic may
be measured objectively and significant data may be obtained which will

be helpful in the education of prospective teachers, Three of his con-

ciusions which are most significant to us in considering evaluation are

the following:

1. Techniques for measuring attitudes developed by Thurstone can be
successfully arplied to subjects taught in elementary school, perhaps
laboriously btut with desirable results.

2. The experience scale in the article gives 'significant information
about attitudes toward arithmetic held by students, the intensity
of the feeling, and general information necessary for guidance,

3. Peelings toward arithmetic are developed in all grades, but the most
crucial are grades 3 through 6 and junior higs. (119)

The Dutton Scale is used by Bassham et al. to investigate the relation-
ship between pupil attitude towzrd arithmetic and pupil achievement in
arithmetiec, with individual differences in mental avility and reading
comprenension held constant. In the sample of 159 sixth grade purils,
more than four times as many purlils with negative atiitudes toward arith-
metic were classified as 0.65 of a grade below exvected achievement as
were classified 0.65 of a grade above expected achievement. Almost 3
times as many purils with positive attitudes overachieved 0.65 of a
grade as underachieved that amount. (120)

3tudies of Faust, Lindgren, and Shapiro are cited by Glennon as using
varying means of measuring attitudes and finding positive relationships
between attitudes toward arithmetic and achievement in arithmetic. (121)

Corcoran and 3ibb treat the appraisal of attitudes in the learning of

mathematics in chapter 7 of Evaluation in Mathematics. They exgmine the

nature of attitudes and then methods of appraising atiitudes. Self-report
methods make use of questionnaires, rating sceles, writing essays, and

keering diaries. Observational methods consist of the teacher observing
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and recording benavior tnai gives evidence of interesis, attitudes,

[ R

curiosity, and related reactions. A tuird approacn, the interview,
involves both the student and tne coserver. Attention is given to the
intercretation of attitude data, its wvalidity, reliability, and use.
The importance of students! atiitudes as indicators of wiatv they have
learned and as elements in motivotion for further learning is peinted
out., T.e writers state thait in raciice many Jjudgmentis nust be made

on tne basis of less than comrclete data. Care must be talzen in inter—
pretting any single piece of attitude evidence since it may provide

an incomylete viciure of a siudent's true position; different judgments
should be chiecked against one another witi the accumulation of items

of evidence from various sources. (122)

Diagnosis

Diagnesis is considered by many of the writers previcusiy cited in
one way or anotner. We may gain insight into this problem by contem—
plating the writings of Glennon and Torgerson,

Glennon and Callahan briang to our notice that work in diagnosis in
arithmetic nas expanded concern fron merely determining the kinde and
frequency of errors in computional skills 1o growih in meanings and
understandings basic to computional processes, growth in problem solving
ability, growth in mental arithmetic, and growth in the ability to make
guantitative Jjudgmenis., They address to the concern in some of the
newer thrusts in diagnosis, the complex relationship between growthk in
arithmetic develogment and affective factors such as anziety, motivetiion,
and attitude, mentioning studles oIl Bernstein and Ross and 3rueckner.,

With tue realization of the complex nature of underaciievent, states
Glennon, methods of diagnosis must undergo change. (123)

Brueckner itreats gquite thorougily the problem of diagnosis in arith-
metic. Four general tecinigues for analyzing the naiture of errors and
faulty methods of worik are discussed.

Observation of pupil reaciions

Ainelysis of oral responses

a0 Uon

)
.) Anzlysis of written work
)
) The Interview (124)

*
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A statement by Brueckner may give us insight into the scope of the
ability required in diagnosing arithmetvic learning.
To diagnose aritametic ability completely, the examiner

st have a clear concertion of the functions and objectives

of arithmetic instruction, must be tiocroughly acquainted with

scientific studies of the factors that contributes to success

in aritimetic, must lmow the symplions and causes of various

unsatisfactory conditions, must be able to use effectively tech-

niques for bringing ito the surface facts concerning a pupil's
disability and his thougnt processes which would ordinarily

be unanalyzed, and must be able to interpzret factis revealed by

his study of ithe punil and to suggest steps to correct the

condition. (125)

Concerning diagnosis, Torgerson ana Adams state that survey tests
must be supplemented by 1l.) observation, 2.) analysis of written work,
3. ) diagnostic testing, and 4.) analysis of oral resyonses. They
discuss diagnostic tests of computational sikills and diagnostic tests
of problem solving, examining svecific tests within each group.

Studying the casual factors, Torgerson and Adams indicate that
difficulties in arithmetic may be due to absense, inat.ention, in-
sufficient rraciice, and oither factors of a tempory mature or ihey may
be due to a physical dificiency, insufficient mental metursty to understand
the arithmetic process and tecanigues of problem-solving, poor work
havits, or emotionai. prob.ems. A freqguent coniridvuting factor is a dis-
taste for arithme.ic, accompanied by an attitude of defeatism. (126)

Glennon gives accounts of many different research studies to stress
the part played by attitudes, anxiety, emotional disturbance, one's
slef-concert, and ot..er personality dimensions in causing certain dif-
ficulties in mathematics learning. (127)

Ain excerpt from Gerirude Hildreth's Learning tihe Three R's may dbring

us keener awareness of possible causes of difficulties which wmizht otaer-
wise escape our attention.

The child may in spite of ample mental maturity fail in
arithmetic if he has never learned to study or concenirate, if
he can easily escape from exeriion of effort, or if he is never
teld to any standardas of competency...Smotional blocihing re-
sistance to instrpuetion, lack of confidence, fear of failure,
nervousness under sneed pressure, disiaste as a result of failure,
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and poor attention affect arithmetic just as seriously as

otner school activities.

Impetuous, hasty, or nervously

unsteble cnilidren, those who are stubborn, recalcitrant,
excessively nainstal:ing, or nervously conscientious have
emotional constitutions thet predispose then to a deficiency

in arithmciic unless itusy have excepiional rmental ability. (123)
Using Bvaluation to Meet Individual HNeeds
It has been previously indicated that for trne evaiuation process

to be of worth it must
presentation different

the data obtained have

for future teaching,

It might be useful to give

uation to helv meet individual

be used to affect change. Throughout nmy
follow-up procedures to evaluation and uses of
been sugzested in diagnosis, neiping to wplan
reporting progress, etc.

srecial attention to using the eval-

needs. Jeaver described a teacher who

did not 2ave groups such that each had separate and indevendent ine-

struction.
arose, following her

-

wnole. In

terns

gress as we often con

were described rrevi
The data »rovided an
and an indication of
successfully

Bathurst advises

in the instructional

Her groups were wost {lexible, being develoved as the need

frequent cxrloratory work with the class as a

her planning, tie major emphasis was on differentiating in

£ the ievel or deptin of learning ratier thon the rate of pro-

ceive it., Interview data sne gatiered, walch
usly, were used to good advintage in reteacning.

ddea of tre streangths and weaimesses of each pupil
level at which he might particivate most
(129)

caildren to learn a particular sikill

tae
activities,.

that to help

the teacher must first male sure ituey are ready for the new learning.

e nust
closely related to
such an
of

be real .o

experience.
wnat the children
from a book.
new learning. Otner

enrich tne learning.

be assured that eacn yow

-yl A
Wiae

the caildren, not screluing imagined or

Phen the teacher zuides tae

goter has already

ae feels suhould be tau

sy Or 2ely aim
Sec:ndly, tne teacher selccis

are interested in doing The situation should

.

ur

merely talen
chiidren as tuaey try the
activities s.i0uld Se planned Lo extend and

We can see tue neceszity Tor evaluztion preceding
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tae first step and continuously throughout the process of insiruction.
Bathurst relates the importance of tue tezcihier giving ciilldren tre
opvportunity t» try ideas themselves and aeluing thenm achaieve accuracy
and feel success in whatever new znase of new learniny they atterpt.
PYwaiuztion is necessary in helzing the teac.er in iils attempy o round
out eacn lesscn in such & way vhaal vupils acaieve tiaelr motive or Soal.

The title of Dumas's How to heet Indiwidual Differences in Teacaing

Arithmetic is self ex:lanatory and indicative ol a2 srerequisite of
evaluation., Duras poinits out tae differences wiaicin exist in chiildren

in their Imocwiedge of arithmetic and their ability %o learn aritumetic.

(130)

The teacher's problem as vicwed by Dumas, is not how o dissoclve differences,

A

but how to teach so effectively chav dilfercnces found will continue o

extend themse.ves. To ..elp avoid loclister instructiion, a glan is sugges

to tsach tie sane tning to all members of tns class &t the sanme tine an

&

witz the same ltecanigques. The plan involves guite [
"inviting" coildren to join difTerent groups as needs arise, allowing

one grour to worx on items usually taugatv to cxildren a grade or 1wo

below this group's vrescnt placement, and teacning another Zroup new pro-

cesses 2t a amore rapid rate and at the same time giving tiem dbroad en-

ricament activities. Dumas gives further suggestions nelpful in planning

and carrying out group activities, allowing children hely one another,
utilizing incidental activities involving aritimetic and aritaometic
possibiliities in social studies and science units, and using ganes =ad
puzzles, (131)

AS we seriously contemplate ths evaluation process and osur role in
evaiuation it might be helpful to keep in mind these suggesticns given
by Brownell to teachers. The teacher is urged:

le To know and understand outcomes set for insiruction.

2. To know th: various kinde of beravior whicu evidences growth
toward these cobjectives and to itrain ninself to detecti this
evidence.

3. To re-establish confidence in 2is ability to assess growth
toward the more "intanginle" outcomes,

4. To tekxe advantage of the close relaiionsiipy between teaching
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and evaluating and seize every opportunity offered by everyday
instruction to secure evidence of growth.
To realize that evaluztion for some purposes is required rather

seldom and may be managed by others than +the individual teacher. ( 132)
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EXPERIMENTING
WITH
CHILDREN



DEPERIMSHTING WITH CUILDREN

Nature of the Project

In fulfillment of my desire to actually work with children in ex-
ploring the possibilities in mathematics evaliuation, I was able to se-
cure, with the aid of the superintendent of schools and ithe ctrincipal of
cne of the schools in Frankfort, Indiana, a classroom and other facil-
ities and materials within tue school, and four children with which to
WOTrk,

My selectiion of children was narrowed by several early decisions.

I wanted to work with children who might seemingly xrofii most from
special attention and rractice in mathematics. Uince the time for our
project was limited and I desired to spend much time working individually
with each shild, I was forced to limit the number of children involved
and felt it desirable to have them n.ar the same ability range and in

the same grade. iy final selec.ion wes made after a conference wiin a
group of children suggested by the principal, lr. Harry MHoore, and two
teachers. The four children chosen had completed the third grade, were of
average initelligence, and each was having some difficulty in arithmetic,
as evidenced by his scores on a standardized basic skills test taken

the preceding year and by nis grades in arithmetic,

After deciding upon the children I visited iheir parents to gain
censent for their caildren's participation and gather information on the
children and their home environment. All parents were enthusiastic about
their children's participation and the benefit they might receive,

It was my intention to present tue children with mathematical
situations and probiems in a varisty of ways tihroughout the fexr wesk
and observe their behavior in order 1o broaden my insight into math-
ematics evaluation. Throughout the four wecks from June 10 to July 5
I kept & daily record of all activities and a personal record for each
cihiild which included his accumulative record, his responses to the
arithmetic reasoning test whick 1 administered, anecdotal records of
observations of his behavior in general and in mathematical situations,
of his conversations, and of his explanations, and samples of his

written work.
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4s a voint of departure I administered the arithmetic reascning
section of the Jowa Tests of Basic Skills on our seccnd day of meeting.
This administration was most helpful in zllowing me to observe sach
child in & stressful problem situation, and the responses provided in-
formation of possible weaiknesses and strengths L each caild. Items
nissed by a particular child were later presented to him in a sligatly
different manner in an attenmpt to understand his real difficulty. 1In
tais way I discovered that sometimes a cuild who has missed a pariicular
problem nas a better understanding of tize situation und the process in-
volved than znother child who nas nappened to gst the correct answer
although his reasoning is faulty.

“Sach day my cxperimenting inciuded working wi.li or observing the groug
as a whole, and as individuals within a group, as they worked togetner
in some matnematical activiiy suck as a game -f muitiplicaticn guigro.
Some time was devoted each day to presenting zacn individual with some
kind of mathematical problem, talking witih him, observing and recording
his behavior and responses, Children not involved in individual work read
books I had provided in the room, including some on number; played wiin
ganes, many of wnich were of mathematical valiue; or amused themselves with
construction paper, crayons, and clay. #e also spent part of eacnh day
in outdoor or gymasium recrealion, or other groupr activities such as singing,
viewing filmstrips, or listening to some reading tie caildren wanted to
Snare.

It was often surprising taat an evaluation experience came about in a
most unexpected way at an unexpectedtime. Iuch was learned about eacn child
which gave insigiht inte nis difficulty in arithmetic just by cbserving

situvaticns sueh as nis paysical recreation, conversaiions expressing his

nf

1

likes and dislikes, his agressiveness, nis values, motivations, and by
wateching him engaged in mental activity in a game of "Fay lhe Cashier.®

I recall one tvime when Dana was left 1o amuse lLerself with some clay.
is I passed by her desik later on she pointed out twelve little glcobules
of clay groupred into three's and exclaimed, "See, you can male seis out
of thc clay." This was & quite unexvected glimpse into her thinking on
my part.

As you may already have been able to see, the greazt advantage I had

in experimenting with prccedures of evaluation with tihese children
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was their eagerness and willingness to help. They had been selected

with as much undersitsinding as I could zive thnem as to what we would

be doing tliroughout the four weeks and with tho understonding that they
would try to help me as much as possible., Activities were planned for the
children such that they were as pleasurable as possible, and provided

a feeling of accomplishment and success for each child., Needless to

say, considering his bazcliground, each child was gquite eager to receive
individual attention,

The situation was unrealistic in that I had much more time thanm
the classroom teacher to give to individuals, since I was mainly con-
cerned with mathematics and was dealing with only four children. Thus
you may say that such experimentation cannot be effectively used in
the classroom., It has, however, in addition to ithe reading I have done,
helped me gain keener insight into the thinking, understanding, zttitudes,
motivations, and behavior of children, how these can be assessed, and
how they can be most helpful in our process of evaluation. I realize
I nave only acquired a little understunding, that I have only begun to
study, but this experience has been a most enlightening, most inspiring
and challenging beginning.

The complete record of the daily activities and the anecdotal records
of each child would appear to be of little use to the reader. I have
therefore reproduced only a few samples of the records I kept, horing
to illustrate some information or understanding which they provided.

I have also included a list of specific procedures employed to gain

information wnich might bz used in evaluation.

Samples of Anecdotal Records

It is often possible to learn about a child's imowledge and his
thinking merelyy by observing him respond to another child or by observing
from-a-distance: .his behavior in a problem situation.

Wednesday, June 12, 1968

Pairs of children gave one another flashcards

Addition

Dondra - slow giving answer - figured in mind - got all right

Bill extrenely slow - figured in mind, counted on fingers - missed 5 or 6
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Kenneth explained - 5 + T means 5 + 5 + 2

Bill explained - 4 + 9 means 1 + 9 + 3
Bill exrclained = 8 + 5 =7 + 6 = 13
Bill missed & + 1 scveral times -~ kept thinking it was times

Dana fairly fast - rote memory - missed 2
Kenneth fairly fast - missed 1
Subtraction

Dana - much difficulty
Dondra explained to Dana "iWhat plus 6 egquals 92"
Dana didn't seem to be able to think in this way.

Kenneth - figured in his head
Asked him to explain his reasoning - s2id he just knew 12 = 8 = 4 -
sg3id he didn't think 4 + 2 = 6 to get 6 = 4 = 2 -~ said he just
knew but it was hard to remember
Missed 5 - got the 2nd time (7-4, 4-1, 3-2, 3-1, 9-6)

Bill - very fast and accurate
Tuesday, June 11, 1969

Explained test was not for a grade and would not even be recorded -~
just for our own interest to see how well they can do

Allowed children to choose desks that fit - move their own desk
from original position

Kenneth ~ turned desk to face chalkbozard

Dana and Bill slanted theirs toward windows

Dondra -~ content with her original position

9:30 Children began test
Kenneth asked for 1lst two to be explained -~ Hurried through pages -
much distraction -~ looking around - marking answers hastily -
finished test at 9:43 - made to check - finished - 9:49 -
played with money game

Dana - appeared to be hurrying-finished at 9:47 - made to check -
finished at 9:49 -~ read book

Dondra -~ had to have word given or question explained several times - ecounted
on fingers -~ finished 9:59

Bill -~ looked around frequently - far away look - had not finished
test at 10:00
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It may be of interest to add that on this arithmetic reasoning test,
Kenneth and Dana scored in the Tth percemtile, Dondra scored in the 49th
percentile, and Bill in the 72nd‘percentile,not finishing the last five

items on the test.

It is often helpful in gaining understanding of a particular child
just to ask questions and let the child respond freely.

June 27 - Dondra

What is arithmetic?

Do you like aritihmetic?

Why?

Are there any you dontt like?
Which do you like best?

Which are easiest?

what is a number?
a numeral?
an odd number?
an even number?

Does it always come after an
odd number?

Is an odd number an even
number plus one?

Do you know what a fraction is?

(Wrote 3, 2, %, Oe3 on the board)

Which is a fraction?

Gave her six sticks and asked

her to give me half of them.

Asked her why.

Who needs numbers?
Why?

How many numbers are there?

"{hole bunch of numbers, I zuess.
You have to do something with them,
like add or subtract.,"

P'Yes "
"ITt!s fun...to work problems"

"No

"All of them"
"I don't lmow"
"little marks"
"A number”

"Like 1,3’5’7 — Not even“
"Like 2,4,6"

"Yes "

"Yes, and if you add two to an even
aumber you get another even number."”
"It've heard of it but I don't know
what it is.®

She finally said "Two"

Aithout hesitation she handed me three.

"Because six can be divided into
three and three."

"Everybody"
"For money, arithmetic, banking. You
use numbers in almost anything you do."

"prom one to a thrillion."
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Given manipulative aids, children can show in a concrete way their
understanding of wvarious concepts and processes.

Friday, June 21, 1968 - Bill
Provided cupcake containers of different colors,
Asked to show 5 + 3 -~ displayed 5 blue cups and 3 green ones.
Asked to show 5 - 3. Said he forgot how.
Asked how many to begin with - Answered 5

Asked to show subtracting 3 - Got out 3 more (Difficulty might have been
in understanding term "subtract")

Asked to show 3 X 2 - Did immediately, explained he had 2 sets of 3.

Asked to show 8 - 2 - Took out 8, divided them into 2 groups of four.
Presented him with picture of two columns of circles, one containing

four circles, the other three, Had him draw ore line from each of the

circles in left column to each of the circles in right column and count

the lines. Asked him if this illustrated some common overation he

could think ofs Didn't see the correlation until questioned as to now

many in each column and how many lines there were. Then said it

showed times.

= 12 lines
—
L { 3

Monday, June 24, 1968 - Kenneth

Provided with pocket chart divided in half, and strips of card-
board, red rerresenting ones, blue representing tens, and green re-
presenting hundreds.

Asked to:show 13 - easily put up correct strips

0y oon

Asked to show how to add © more. Put on 8 more ones. Aisked to
write arithmetic sentence:'. After writing sentence he clianged the
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11 ones t¢ one more ten and 1 one.
I placed strips on the chart. DBD 010000
gloogoono

Asked him to add these two numbers.

Put preblem on the board. He explained well and demonstrated with
the strips how he would change one of the tens to 10 ones in order ito take

away 5 ones.

Asked him to show with strips on chart how to divide 12 candy bars among
3 boys. Asked if he knew how many each wculd receive. "No.“
Divided by giving each one at a time. lUrote 12 2 3 = on the
chalkboard. Didn't know at first. :

Gave him 4 strips. Asked to show me half. Asked to show half of
6 strips. Did both easily.

Anecdotal records of two children might be compared. These part—
icular records sesm to provide eviderice of Bill's greater depth of
understanding although neither boy was able to solve the problem.

Thursday, June 13, 1968

Kenneth - asked to read prices from a newspaper ad ranging from 77¢ to
$3+75. Read correctly. Told he had $5.00 to gpend and that he
was to select as many items as he could buy with that amount.
Kenneth wrote differences vtrices in several horizontal lines -~
added in his nead - counted on his fingers -

25¢ 10¢ 5¢ 5¢ g
44¢ 27¢
44¢ TT¢ 31.50  $2.50 etc,

Finally said he couldn'!t do it - showed little, if any, organization,

Bill - ziven same newspaper ad and directions. Inmediately wrote down
$5.00 = wrote small price underneath, erased it and changed it io
53075« HMuch deliberation. Finally said he kmew he would have to
add otiaer items to the $3.75 but he wasn't sure how to do it.

Thursday, June 27, 1968

Children were asked to make up a multiplication story problem.
Zvidences of their understanding may be thus revealed., Two examvles
follow.
Dondra

"I saw 2 things times 3 more things. How many do you have?"
2X3=06

"Judy and Bill went to the fair and Judy had 6 rides and Bill had

68,



4 rides. How many were there?" 6 X 4
24 rides
I asked Dana to reread her problem and asiked her why she multiplied,
"Because I had %o nake up a multinlication provlem." Asked her if she

shouldn't add. "Yes." Gave her 2 examples of simple multiplicaticn
problens and asked her to make up another proovlem.

"Janie and Jack went to their motier and they took her some candy
in a basket. One piece of candy and one.basket. How many were there?"
1X1=

1 basket (ﬁhat understanding does this reveal?)

Suggested Techniques

Flash Cards
Observe children responding ito flash cards containing basic facts

in addition, subtraction, multiplication, and division presented to
them by classmetes to nelp evaluate their knowledge, strengtns and
weaknesses in these operations. Listen to possible exrl.nations given
by the other ciild atiempting to help the child figurs out an unknown
fact to gather evidence of tho other child's understanding and thinking.
Ask questicns of the respondent to gain insizght into his thinking and
understacding of the operation.

Operation Wuizmo

sach child has a dy@ﬁ resembling a Bingo card. The number in the
25 squares may De answers to additicn, subtraction, multiplication, or
division problems depending upon the operation in which tuie game is
being played. A problem, such as 3 X 5 is given and the crhildren must
solve tihe Troblem mentally to see if they have the number to bs marked,
By observing and listening to the children it is possible to gain know-
ledge sucn as who knows thc facts by momory, who uses his fingers to
figure, waho counts in nis head, wh.. draws upon facts he does know and
Tigures from there to get the unswer., Often, ths aints one child gives
another in helping him figure out the problem himself is very enlishtening.

The rule of "wordless playinz" may be imposed to insure each child's
thinking for himself.
Tell-Time Quizmo

Bach c¢:11d has =z card resembling a Bingo card, but conitaining within
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each of its 25 squares a clocirface s.owing a different nour. The caller
chooses a card and reads tie time given to the zroup. The caild must be
abvle to find the clock face siowing the same time befoe he can mark it.
Closely observing children playing the game shows w10 is naving difficulty.
The difficulty may be analyzed by having tie child use a clock face with
movable hands provided to show the time which has been read,

The child may be provided a movable-hands clock face wazen working
with him individually. Have nim read the hour shown on the clock as the
hands are moved to different positions and have him place the hands in
proper positions for a certain hour,

Cupcake cups, Pistachio nut shells, and Pieces of clay

Any small concrete objects hawve innumerable uses; the above are suggested
because of their ease oif storing. Have 2 child illustrate with such devices
the process of a particular operation such as how he would group for
addition or how he would have sets in multiplication. Ask the child 1o
give you nalf, tnird, etc. of a given number of objects.

These sare learning outcomes may be evaluated by having the child
draw objects on parer or the ciallivoard.

Place Value Chart

4 pocket chart divided into thirds by pieces of yarn stretched vertically

across chart. ith the explanation that the lst column represents ones,
proceed to quesiion the childe. With strips of cardboard, colored dif-
ferently depending on whether they represent ones, tens, or hundreds,
have the child illustrate various numbers, explaining changes he makes
when a number is added to the already existing illustration, etc.
Iilustrate a number by placing strips in the pockets and have the child
write the numeral on the board., Have the child demonstrate the changing
of tens and ones, etc. as he explains different operat_ons.
The chars and strips may also be utilized in having a child divide
12 "candy bars" among 3 boys, etc.
Tin Cans and Popsiockle Sticks

The same procedures pertaining to place value which were employed with
the pocket chart may be used with tin cans and popsickle sticks or tongue

depressors., One can may hold the ones, another the tens, and so on.

70



These meterials provide even more concrete experience as the child
actually groups ten ones into a bundle to represent one ten, ten bundles
to represent one hundred, and as he changes the bundles back to tens

or ones,

Films

View a film of mathematical value. Discuss concepts suggested in
the £ilm to help obtain information about a child's understanding.

A Tilmstrip may serve as preparatory to another mathematics evaluation
activity. For instance, a filmstPip on measurement migat be followed by
having children perform several activities with 2 ruler. 4 child
w.0 seen8 o nave a good understanding of a certain aspect of measure-
ment in a discussion following a filmstrip viewing may be found to nave
a little difficulty when actually confronted with a real problem situation.
Graph laper

Present the child with a certain area of squares blocized off on a piece
of grapn paper.

Ask the eohild how he might find out how large the area is without
a ruler, Asx questions to helpr him thdnk about how many are on each
side. Present larger areas so that counting the sguares is impraciical
if the child does not show understanding of finding area. A child's
exrvlanations may reveal unexpected thought processes,

Flannel Board

Using three different groups of felt objects such as ducks, birds,
and fish have tihe child make as many sets as he can with each set con~
taining two different objects and no two sets being alike. DProceed
to find evidence of the child's understanding of the process of multi-
vlication.

These Telt objects and flannel board may be used for children's
manipulation to gain evidence of their understanding of the other
operations or matnematical conceptis,

liagic Squares, Crossnumber Puzzles and the lLike

Ubserve child given sguares or puzzles to comclete to examine such
things as knowledge of basic facts, mental arithmetic, and thought pro-
cesses. Have child make up his own squares or puzzles. These also help

in evaluation of interests.,
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Standard Test
Use items missed on a standard test as a basis for constructing other

situations using more concrete objects to discover real understanding of
the childy.his difficulties, and causes of his difficulties. To
evaluate the real understanding of child regarding an item on measurement,
have him draw how he thinks a cup, pint, and quart would lock in re-
lation to one ancther, Discuss nis ideas,
Story Problems

Present child with a story problem, written or spoken. Have him

explain how he would find the solution and why, and observe him as he
solves the problem, whether mentally or with pencil and paper. If
child has difficulty helr him explain the problem himself by asking
thought provoking questions about the problem situation.

Have child make up stcry problem. The problem may be designated
to contain one particular operation, or to peptain to something the
child saw on a walk around the block. The child also might be given
ideas from various numbers and names of objects, and places listed on
the board from which to choose)or from a picture presented or a well-
known song. Observe the ease with which the child constructs the
problem and the depth of understanding represented in the written
problem,. Problems may be given to other classmates to work.

Revealing information mey be obtained by having the child draw a
picture illustrating a particular problem.

Checlcing Problems
Ask child to check & problem using paver and pencil to obtain

evidence of his understanding of the processes and their relation
to one another. Questions may be asked the child having difficulty
in ¥knowing how to check a given process to obtain evidence of his
understanding.

Newspaper Ads

Present the child with a newspaper ad containing many prices for
various items, Have the child read the prices, and perhaps explain
what the decimal point means or why a cent sign is used in place of a
dollar sign.

Tell the cihiild he has a certain amount of money and that he is to

select as many items as he can possibly purchased with that amount.
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QObserve this procedure in determining which and how many items he can
select. Have him explain his reasoning.

Geometric Figures
Have a child draw and consiruct from paper all the geometric figures

he can think of., Ask him to explain and name these and others.

Present the child with several different wooden geometric forms one
at a time, having him try to name them or express wnat he knows about
them. The child might be asked to choose from a list on the chalkboard
or a paper to label each model.

Puzzlers

Give the c2ild a puzzler which involves his following directions to
verform various operations in order to come out with a given nunmber,
This provides good opvortunity to observe the child's ability to follow
directions, his ability in performing certain processes, specific dif-
ficulties he may be having, and interest in number.

Wumber Line

Present the child with a number line. Have him show and explain
how it may be used to nelp in the process of adding, subtracting, multi-
plying, and dividing, or in comparing fractions,

Interview

Besides interviews which may accompany presenting the child with
problem situations, have "talks" with the child letting him respond freely
to guestions, such as:

"Who needs numbers? Why? What for?"

"How many numbers are there?"

"What is arithmetie?"

"What is a number?"

"dnat is an odd number?"

"What is a fraction?”

"Do you like arithmetic? Wiy, why not?"

"What kind of problem do you like?"

Response to a given question will often suggest further questions.
Interviewing in such a way is very helpful in learning about a child's

understancding, interest, attitudes, and motivations.
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OUR CHALLENGE

TO

SPFECTIVLLY SVALUATE



OUR CHALLENGE TO ZFFECTIVELY EVATUATE

Reading in ths area of evaiuation, and particularly in mathematics
evaluation, and working with children, I have deliberated over the
problem of evaluation and the role I will play as a teacher. If ny
treatment of the subject seems perhaps itoo perscnal, it is a result of
my feeling of great personal responsibility, which I am concerned that
all persons involved in the educaiion process possess,

Through the documentation provided by my reuding, I have attempted
+0 emvhasize that as teaci.ers are responsible for providing lezrning
situations for tne child, it is wvital tiat teachers be concerned with
tue whole cinild and with tihe total development of each individual child,
This brings ihe necessary condition of evaluating the whole child, For

this reason mathematics evaluation cannot be viewed as an entirely separate

entity as we might wish.

Evaluation and instruction of the wanole child are vital to cne another
in order to nave effective instruction or evaeluation in any particular
area., They may be viewed as componenis of a self-perpetuating cycle, each
following and leading to tne other. Thus we see that instrucition and
evaluation are continuous processes taxing vlace simultaneously.

We should recognize noti only taat measurement, evalivation. end in-
struction are interrelated aspects of effective teaching, but that it

is impossible to separate evaluaticn and teacning, and we should not iry
’ o

to do so, Torgerson and Adams were especially emvhatic that evaiuation should

not ve seen as an end activity ic be done by some external agency, such
as a teacher, ona specific calendar date., ZIvaliuation is conceived as a
necessary ingredient in all learning, to be engaged in by the learner
and the teacaner cooperatively, impossible of separation {rom other phases
of the total learning wvrocess. (133)

The detrimental effects of evalu=aiion wihnen thoughtof as an end in
itself are described in some of the readings. The teacher should tale
advantage ol the close relationships between teaciing and evaluation,
seizing every ovrortunity offered by every day instruction tc secure

evidnece of growti, as Erownell suggests. 134
> ? ©
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As we survey a classroonm oif cnildren we may be overwaclmed by the
widespread individuval differences in z2bility, acnlesverent, attitude, and
interest, 1tc name only a few, These differences ithe teacier must seex
to understand before he can make provisions for siimulating learning

3 ' it o R

sy each calld. In addition to the grest variability witi-

[}

experiences
in & eclass is the variability of strengtis and wealmesses within an
individual chiid.

Viewing the tecacher's job as an evaluator, Torgerscn and &idams
distinouish two essential facets, each demanding constont atitent’on.
One facet has iis orientation in the group instructional progran  and
the extent to which the class as a whole is achieving its gouls, Thae
other nas its orientztion in the study of individual ciildren, in tae
diagnosis of their growih lags and the discovery of important causal

PFal

for sucn lags or deficienceies, BDoth of ithese aruroacies are
zignificant as.ecis of evaluation and indisgenszble to good teazching. (135)

Torgerson and Adams exvlain tie reasons for the teacher having tae
kay role in measurement and evaluation today. Insiructional and ecnild
study uses of measurement are recognized more clearly, and an in-
creasing number of techniques and insitrurentis are now available to the
teacher. The teacher's greater recponsivility and greater latitude in
avypraising the worihwhilleness of thouse experiences. The teacher has
access to background information about supils which is necessary sup-
plementary date, checking on nypotheses concerning causal fuzetors, and
trying out courses of action based uion such nypotheses. (136)

These I feel are important points to keep in mind. e should re-
cognize that us greater mowledge and new tecuniques and instruments
are yut at vur disvosal and that as we are given grealter resconsibllily
in planning educusvional exueriences, we also aave a greater responsibility
to evaluate more effeciively, using ail ine knowledge and materials
availabdle to us.

Considering our responsibility to eac.. child, we recognize iae inm-—
wortance of finding metliods of studying individual c .iidren such thaot
evidence of specific causes of sariticular difficulties may be gzined.

: FR

Ten children may give incorrcct solutions Yo tho same item on a paper—
and-pencil itesf as a result of ten different causal faclors. It is nec-—
eszary to unierstand the real cause of tue difficulty before we can

begin to effect a change.
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The relationship between growth in arithmetic and affective factors
such as anxiety, attitude, and motivation has been broughi to our attention
through the readings. The reader may refer to the causal factors con-
tributing to various difficulties in arithmetic enumerated by Hildreth,
given in this paper on page 58. I am concerned that when teachers
evaluate a child in mathematics tzey pay little attention to such things
as the child's never learning to concentrate, his possible emotional
blocking, his lack of confidence, or his distaste for arithmetic as a
result of failure. If we realize that a child is doing poorly in math-
ematics because he is nervously unstable, or perhaps because he is very
hasty, we can begin to provide situations better suited to his particular
needs, which may make all the difference in the world in his future devel-
opment. This is one phase of evaluation in which I feel there is a
general lack and a great need for deeper involvement and concern on the
part of the teacher.

A8 implied earlier, studying and understanding children is essential
to good teaching. As we discover a greater variety of differences and a
wider range in degrees of understanding among individuals, our problem
of meeting needs becomes increasingly greater. These differences dis-
covered through evaluation should be utilized in planning more effective
instruction, I find particularly challenging Dumas's statement that our
problem is not how to dissolve differences, but how to teach so effectively
that differences we find will continue to extend themselves, (137)
Thinking in these terms, I believe we can begin to see evaluation in
the proper perspective. Ivaluation is a means 306 gain understanding of
particular aspects of one's knowledge, understanding, thinking, particular
abilities, achievement, attitudes, motivations, interests, and person-
ality dimensions in order to provide the best possible learning situations
for each individual. Mathematics evaluations should take into consider—
ation all of these aspects, however unrelateu they might Seem at first,
to create the most stimulating exveriences for each child.

What we do to help meet individual differences once we have dis-
covered them will depend upon circumstances, and uron our own ingenuity
and industry. We should capitalize on a child's swvecial abilities or
interests by allowing him to use these ‘o furtier his learning and

increase and broaden his interests.
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Information gathered from evaluation procedures may be the most
valuable information in helping us plan our future teaching and re-
teaching. Studying the children, we can teach to overcome some of
their causes of difficulty, we can revise methods and iry new ones for
more effectiveness, we can gain better understanding of the children's
levels of learaing to mow what might reasonably be exrected of them,

We can obtain such evidence of a child's understanding that we know
where he can participate most effectively in the instructional srocess,
when he can best contribute to a class discussion or project.

dvaluation, as Rotiney has indicated, needs to show appreciation
for the poorest purils'! good qualities while pointing out the weaknesses
of the best pudvils. (138) When evaluation can do this, we may rlan ways
in which pupils can be helped to overcome wealmesses and use their
strengti:s more effectively.

Through the process of evaluation the teacher may increase the
effectiveness of his teaching by restating goals of instruction as he
sees them in nis own teaching-lgarning situation. These goals or ob-
jectives should be stated in terms of changes in pupil behavior whiech
the teacher strives to bring about. After each goal is stated in
behavioral terms, the teacher should note situations in which he has
the opportuniiy to observe and evaluate each type of pupil behavior.

Only then is he prepared to select or devise means for collecting
evidence about the behavior in gquestion.

It is most important that we have well defined goals of instruction,
These are not only the basis for our lesson and activity planning, but
the very important learning outcomes we seek to evaluate. Therefore
these objectives should be stated so they can be evaluated, and,
according to Rethney (139), evaluations in turn should be of such characier
as to include the objectives as stated.

Many techniques of child study need to be understood, and their
uses, limitaitions, and advantages recognized. 1 have attempted to
bring to notice various procedures in tne preceding chapters and hove that
this may prove a useful reference,

Standard tests are important tools in aiding teachers in understanding,

but their use needs io be suvnlemented by other techinques of evaluation.
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Paper-and-pencil tests have value in rexdily yielding a score or grade

wnich mezns something to the giver and should be understood by others.

On the other hand, as several of tue sources indicated, the teacher who
works closely with the pupilis should be able to form Jjudsmentis of their
understanding and their growth toward the various outcemes of learning

set forth. These judgments should be as fully reliablie as, if noi

more reliable than, the scores obtained from written tests,

de gatner from tie writing of authorities in evaluation that, in
Zeneral, observation, discussion, and interview serve bettier than
paper-and-uencii tests in evaluating gupils‘abiiity 12 understand prin-
cinles andéd procedures he uses in computation. These techniques are
certainly moswt nelpful in the discovery of certain attitudes, motivaiions,
thought processes, interesis, and possible causes of difficulty.

In selecting or constructing evaluvative tecaniques, cur maein cone
cern should be the caaracteristic we wisin to evaliuate and t..e qualities
of each technique under consideration. In the past there has been in-
creasing emphasis on the objectivity of scoring. lany of tie writers
vreviousiy cited have pointed cut that tais emphasis has often led o
a suyperficiality in peasuring in that goals for which acihievement is
measured most easily and objectively are often given greater em.nasis
tihan some more imvortant goals of education. Deciding uvon the
outcome(s) we seek o evaluate and % .e behavior which will give
evidence of growth toward tie porticular outcome(s), we must tare care
in selecting the most effective evaluatiwe rrocedure to meet our needs
in this evaluation. The wrocedure should acileve a aigh degree of
objectivity without sacrificing the more important criterion of validity,
as Torgerson and Adams ave suggested. (140)

It is imrortant to be guided in our evaluation progran by the
experiences we accest as nost valuable in the teacuing~lserning sit-
uation., This would naturally nave ic be true if we were not trying to
separate the evaluation process from other aspects of instruction. If
we believe that it is important for children to work with problems in
real life situations, tney should not only be given opportunities %o
do their own experimentin; and discovering of solutions in their initial
and developmental learning experiences, odut should often ve evaluated in

suen: real situztions, rather than in some artificial testing situations.
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feeling that i+ is important for a cnild to feel success in a phase
of new learning e attenpts, we siould plan evsluative experiences wnicn
also provide for some feeling of success or satisfzecition of achievement.

Projects calling for problems in aritimetic and croblems arising in
natural situations provide concrete experience in gquantitative thinking,
fact-gathering, and corputation. Such situations may kring a feeling
of success to cilldren as they solve tihe problems and provide valuable
information in evaluation.

Certain desired outcomes of learning may tnemselves be used as
aids in evalua=ion, or at least be furthered through their use in evaluation.
Develioning skill in self-appraisal is an exawmple of an educational ob-—
jective wnich may be used in suca a wey. oveluation is reflected in the
simple act of a puril deciding for aimself that something he has done is
eitner good or bad., Tris tendency is often curbed by grades or marks
wnich malte a ciild devpendent on a2 teacher's evaluation to tihe extent that
one criterion of success becomes acceptability to the teacher. Tais
does not appear (o me as one of the outcomes of learning in wihich we
want fo foster growth.

The teacher can uronmote self-appraisal by commending effort and the
product or by asking tnec puril if his work could be improved. If the
teacher feels =ue child is wrong in his appraisal, he sihould not try
to impose his own evaluation but provide opportunities for the child's
growth and development in the skill of self-apprraisal. Self-appraisal
requires daily practices torough continuous practice the siill is
slowly developed. The teacher s:iould record a pupil's oral efforts at
evaluation and encourage the pupil to compare ais present efforts with
rast work. It might prove veneficial io have some written evaluations;
a cnild mizht write a letter to his parents or ithe teacher regarding his
evaluation of nimself., This practice may not only provide helpful in-
formation concerning a c:lld's strengths and weaknesses but give insight
into his depth of understanding and sowme of his attitudes and values,

{ost relevent is a statement from Baron and Bernard:

dherever possible cuildren should evaluate their own
work, Jjudging accomplishment and progress by charts kept by
each child. As chiildren come to you with different capacities
and training, the competitive system of marking most usually
practiced becomes unfair competition znd often leads Lo dis-
honest practices. It leads to jpressure where it is least
helpful and very often sllows the bright ciild to maintain
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himself with no exerticn. (141)

The dates of publication of tihe books to which I have referred
reveal that for over thirty years increasing emphasis has been placed upon
less formal methods of evaluation, such as observation and interview.
After all these years it seems that we are still falling short of using
these procedures to their fullest advantage. When it comes to reporting
on a child's progress or making a change in instruction, teachers too
often feel that they must rely upon completely objective data gathered
from more formal sources of evaluztion,

I feel very sirongly that a teacher should use his imagination, his
creativity, his own full capacities and special abilities, as well as
those of his puprils, when he secks io evaluate., I would advocate
individualized evaluation in the senee not only that each child is
evaluated according to his individual abilities and achievements but
that each teaciier use his own original ideas, as well as those gathered
from other sources, and that he use varied approaches io evaluation
witt different ciiildren,

Two points of Brownell's important for the teacher to consider
as Le stirives toward effective evaluation are that he should 1.) know
the kinds of bshavior which evidence growth toward specific objectives of-
instruection and train himself to detect this evidence, and 2,) re-establish
confidence in nis ability to assess growth toward the more intangible
outcomes. (142)

The teacher should ever be gathering ideas for and information about
new means of evaluation from his reading and his daily contact with the
pupils., Huch can be learned by kesping abreast of current researcu
which is brought to our notice ithrough such agencies as Riedesel and

Pikaart's section on researcn in every issue of The Arithmetic Teacher,

"Research on Mathematics Education..." for a particular year, produced
yearly in the same periodical, or Glennon and Callahan's Guide to

Current Research. It is also possible to consiruct most valuable

evaluation procedures from ideas stimulated by articles suggesting
specific instructional me$hods, which may or may not have to do with

mathematics, or by pages witain a2 mathematics enrichment workbook.
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e should not be satisfied with the dull and commonplace, or th
tried-and~true, in evaluation any more t.uan we are satisfied with such
methods in our teacning. latnematics evaluation is ithe place for bold
experimentation as far as varied techniques and materials are concerned.
Je nave much to gain through constant experimentation witn different
means of evaluation. As we try our wildest ideas with cnhildren, we
will frequentli; be surprised by information obtained, if not directly
a result of our intended procedure, from avenues opened unto us by the
chaildren.

Avaluatiorn is not, and cannot ve, neutral. It is by its very nature
and name, devendent on expressed values, and for this reason contzains
many subjective elements. Cnly when it is confused with a narrow inter-
pretation of evaluation such as objective testing, can evaluation be
said to bpe impzritial. 1In this case, ithe real meaning of evaluation is

N.

lost and the wey is open 1o undesirable situations in which the individ-

uality of <the chiid is forgotien. Let us not be so concerned abou

ot

evalmating in such a way taat other evaluators will obtain tie san
evaluation, or that eac. cnild receives the same ind of eveluaition. Our
chief concern should be that each svaluation aid in helring nrovide for
the needs of each individual child and in our pariticular circumstances.
Jith this end in view, let us acc.pt the challienge to evaluate effectively
ourselves, our educaticnal program, 2nd eaca individual child on the

basis of ais itotal personality.
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