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Preface”

In 1974, the F:j:rst National Conference on Remedial Mathematics

was held at Kent, Ohiog under the sponsorship of Kent State University

and the Kent Educational Development Service Office. This conference,

and two . subsequent conferences in 1975 and 1976, provided impetus for
the formation of the Research Council for Diagnostic and Prescriptive
Mathematics--an organization created to promote stimulation, generation,

coordination, and dissemination of research and deVelopment efforts in
diagrnostic and prescriptive techniques.

~In 1977, the University of Maryland, in cooperation with the

Mxryland State: Department of Education, hosted the Fourth National

Conference on Biagnostic and Prescriptive Mathematics (a name change

which reflects the aims of the RCDPM). This conference was planned

for the purposes of (1) disseminating knowledge and techniques for
diagnosing and prescribing activities. for children and (2) providing

a forum for critical discussion of reseatrch. Pursuant to these purposes,

the conference included both general and regearch sessions encompassing

talks; workshops, videotaped diagnostic sessions, sample analyses,; and

critical discussions on major problems in the fieid of diagnostic and

The Invitationai Research Sessions; the subject of this report;

included two types of major thematic addresses; namely; (1) reports

of completed or ongoing research and (2) analyses of problems and

needed research. Each thematic address was followed by a prepared

reaction which; in turn, was followed by a panel discussion by selected-
speakers at the conference. The five thematic addresses are outlined

in the follgﬁing paragraph.

discusses the validity of ciinical investigations and suggests guilde-_

lines for conducting such investigations in the study of instructional

techniques and effects-

"(MD)Z::A Clinical Model for Diagnosing Matheﬁatical Deficiencies
Incorporating Educational Cognitive Style" (Speer) describes ‘a diag-
nostic and prescriptive process that takes into account & variety of

~ factors that contribute to an individual's unique learning style and
content deficiencies.

"Feedback in Diagnostic Testing. Survey and Needed. Réséarcﬁﬁ

(Engelhardt) reviews the literature on feedback as it relates to

testing by questioning the "standardizing" procedure.of prohibiting

or delaying correct/incorrect feedback in individually administered

diagnostic tests. Difficulties with existing research are identified
and suggestions are made for needed research and changes in diagnostic
procedures. .
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"Counting Ability and Achievement in Arithmetic" (Callahan) con-

siders the rote and rational counting performance of young children. .-

Variables associated with performance are discussed and relationships

betwesn counting performance and performance on various other arithmetic

james 'eddens RCDPM President, poses questions concerning the direction
~f research ef;orts and nrovides suggestions for attaining the goals
éf the Research Council. . -

The Research Council for ﬁiagnostic and Prescriptive Mathemntics

is indebted to The University of Maryland, the Arithmetic Center at

the University of Maryland; and the Maryland State Department of Educa~

tion for their support. A particular note of congratulations is due

overseeing the operation of the conference.

William R. Speer
July, 1977 -

- : -
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Research Session Speakers:

LERUY CALLAHAN State University of New York at Buffalo, teaches

courses on improvement of instruction in elementary mathematics: He

has developed various protocols for diagnosing math learning difficulties;

and directs Project CLIME; a ciinic program in the Buffalo Public Schools.

LELON CAPPS; University of KanSas;,acts,as oenior Professorfin Con-
ducting Research on Error Patterns and Slow Learners in Mathematics,

Dr CéppE 19 aCtiVé iﬁ Coﬁéﬁltiﬁé ﬁith ﬁﬁd creating diagnostic and

" JoN ENGELHARDT Arizona State University, has developed a graduate

program at Arizona in diagncsis and remediation of matematical learning

difficulties, and has established a Mathematics Learning Center. Dr. .

- Engelhardt is the Treasurer of the Research Council for Diagnostic and

Prescriptive Mathematics. -

JAMES HEDDENS, Kent State University, is author of Qodéylﬁ—Mathe
_matics. Dr. Heddens is responsible for the clinical program at Kent State
""and_1s President of the Research Council for Diagnostic and Prescriptive
Mathematics.

LLOYD HUTCHINGS Francis Marion College, in South Carolina; 1s

best known for his development of low-stress aigorithms for whole-

number computation which have been featured in a recent National Council

of Teachers of Mathematics yearbook.

-

TOM ROMBERG, University of Wisconsin, 18 one of the nation's leading
researchers in elementary school mathematics. He directed the much-

acclaimed DMP program which is based on research done at the Wisconsin
Center for Research and Development.

WILLIAM SPEER, Bowling Green State tniversity; is Director of the

Mathematics €Clinic and teaches elementary and secondary mathematics

methods. Dr. Speer is currently serving as the Publications Chairperson

o EDWKRD UPRICHARD, University af South Florida, is Directcr of
Graduate Studies in the College of Education. He teaches courses on

diagnostic and prescriptive instruction in mathematics. Dr. Uprichard

has published several articies, and made presentations on the “reatment

of learning difficulties in mathematics:
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The Nﬁture of the Clinical Investigation

- \Thomas A. Romberg A. Edward Uprichard
/University of Wisconsin-Madison University of ‘South Floriaa

“ . *

j For the experimentalist science progresses only in

- the 1aboratory, the theoretician views experiments

_=z__ -z - Ter T _ TmorTeTemTn T e EIE TR I )

> ; rather as guides and tests for his models and
theories; others see the most: important task making

. counts and measures; or arriving at predictions; or

ii- "formuldating explanations; the fieldworker and
clinician have still other viewpoints. All of them
are right; what is wrong is only what they:-deny;
not what they affirm. (Kaﬁlan, 962’,9’ 30) ..

We believe our audience to be investigators (primarily fieldworkers

and clinicians) interested in diagnosis and remediation as they are

related to the teaching of mathematics: . We also assume that not all

' such investigators are aware of the appropriate methods of inquiry to

study such probilems: It 1s our experience that most educators have been

‘trained to believe that to research 1s to experiment: Designing studies

based on Campbell and Stanley (1963) and testing hypotheses using ever
increasingly complex statistics have for many become the cannoms of - -
inquiry. Unfortunately this perspective of research is wedded to a
particular philosophy of: science-—Baconian empericism--no longer con~
sidered the only method of inquiry in many philosophic eircles. In
particular, emperical inquiry in education has borrowed the tools and

© trschniques from other disciplines——such as agricuiture-—which -cgunot

capture the dynmamic characteristics of learning children. At last

yYear's conference two papeirs were presented which attacked the use of

"standard' research methods in the study of instruction (Wilson, 1976 &
Romberg; 1976). : : N ;

In this papexr it 18 our intent to go beyond those papers and )
examine the nature of one particular type of research as an alternative

suggested guidelines for conducting clinical inVestigations focusing on
diagnostic principies and relating the:results to imstructional events.
) In order to study the nature of the ciinical inveatigatiom; it is
. necessary to briefly address the class of activities to which it belongs;

namely; scientific inquiry.

Throughout recorded history man uas attempted to ohxain more
knowledge about his environment and appraise its significance. In fact,_
within the very natiure of mam it 15 ifportait.that he make his world and
11s life meaningfyl ~nd significant. To this end he has strived cease~
lessly, biit across iiie,ceritiries there have been changes in the way in which

man has obtained his information, organized it and analyzed it.

t
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To understand the place of clinical investigations within the realm

of .scientific inquiry we believe: that it is important that imvestigators
realize that there are several sources of knowledge which:man has used
and still uses imn obtaining knowledge._ The first and most prevalent is

personal experience: For example; a classroom teacher may find a

- particular teaching method useful with 'a certain groyp of Btudents and

may record that information for use in future years.” Therefare many

dangers in appeiling to personal experience, generalizatioms can be
drawn on insufficient evidence or too few examples, or incorrect com-
clusions can follow from prejudice or evidence being left out because it

was not consonant with earlier experiences. Also there is always the

darger of falling to recognize which were the sallient features of a
situation and which were irrelevant:. However,; we still base fivch infor-

mation on personal experiemce. . _

In everyday life a certain amount of 'mowledge 1s handed down by parents,

& second source of information has and continues to be authority..

"~ “teachers, scientists, for example and must be taken om trust: Life is

too short to test the validity of every view that is held. For example, .
it 18 commonplace within education to expect committees of scholars im a

‘particular field to outline directions: This 1s an important part of

how human beings gather information: However, just becausSe it has been

handed down and widely believed does not necessarily mean it is true. -
Genmerally speaking the expert is better informed in his field tham other

people because of his level of intelligence, training and experience,

" but experts disagree among themselveés. ,

A third method of scholarly inquiry has been deductive reasoning.

In ancient Greece the deductive method of reasoning was developed to a _

" highly refined art. Euclid's elements remain as one of the pimnacles of

‘human thought.  Deductive reasoning is used in everyday life to solve a

host of problems. The detective; the doctor; and the educational
researcher use it. The diagnostician in particular uses 1t when he
searches among evidence and symptoms and selects items which appeared at

- first to be unrelated and brings them together in a way that logically

lead to a conclusion. Note, however, that deductive reasoning only
‘enables us to deduce the consequences of what was already kmown. It
does not yleld any really new knowledge. If ome of the premises is

untrue the conclusion will be false. Thus, it cannot be relied upon
exclusively. . ,

 The fourth method of inquiry is induction. In the seventeenth
century Francis Bacon successfully attacked the Aristotelian method of

sylogistic reasonming. His notion was that a scientist begins by car-
rying out experiments whose aim is to make carefully controlled

. and meticulously measured observations at some point on the frontier

‘between our knowledge and ignorance. He systemically observes and

records his findings and in the course of time he and other workers in

' the field accumulate a lot of shared and reliable data. As this grows

general features begin to emerge and individuals start to formulate

genieral hypotheses (statements of a law-like character) which fit all

Y
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the known facts and explain how they are causally related to each other.
. The individual scientist then tries to confirm his. hypothesis by finding <
evidence which will support it. If he succeeds in verifying it he has -

discovered amother scientific law which will unlock more of the secrets

of nature. Thus, the existing stock of scientific knowledge 1s added to

in the fromtier and our ignorance pushed back: The process begins again
on a new frontier.

‘ From the 17th century to the beginning of the 20th century Eécoﬁisﬁ'
empericism based on the fundamental notions of "inductive inquiry were
viewed as the method of scientific inquiry in most fields. 1Imn “this
century more and more philosophers of science when examining major -
-scientific bteakthroughs have - found ‘that the inductive methpd 1is not the

method used by most scientists in forming generalizations and concepts

about the world: In fact as Einstein stated 'There is no inductive

method which could lead to the fundamental concept of physics*?° Failure

- - ST mmemmmmm o T m e s T FT s T e=EvTc .. T T s

to understand this fact constituted the basic philosophic error of so |
many investigators in the 19th century. Dewey in. 1933 proposed another
method which he pretentiously titled The Sciemtific Method. ;His description’
combines both inductive and deductive reasoning in a sequential state of
hypothesizing, logical consequences of hypothesis, more data, etc.

'3

Now in the later part of the 20th century it has been pooited that

scientific inquiry does not lead to intermal truth but rather to sys- . <

tematic doubt: Kari Popper (1963) and other falsificationists are

arguing that the critical falsification is important and not critical

confirmation. It 1s theilr notion that sciences are not bodies of

established fact,; rather they are practical statements about the level :
of knowledge in a particular area. This implies that theories are not J
bodies of: impersonal faéts but are products of the human mind. This
makes theories personal achievements of an astonishing order. The
implications of this stance are as follows:

1) How scientists arrive at-a theory does not bear on its—

 sclentific or logical status: s
2) Second, observation and experiments ‘far frbm'givingigise to

the theory are partially derived from it and they are

.. designed to falsify the theory. ‘
3) At no point is induction a major part of the set of éctivities.

Instead, hunch, inspiration, iliuminaticd, and insight are as important
as control. Explanation and prediction become ciritical aspects not.
verification.

Activities within sclentific inquiry may be thought of in two

contexts-~the context of discovery or the context of justificatiom: .

Researchers focusing on activities within the context-of Justification
.are guided by a "logic of proof." They are primarily interested in /
reasons for accepting or rejecting hypotheses (confirming or falsifying

propositions). Researchers focusing on activities within the context of

11
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discovery are guided by a "logic of discovery:" They are interested in

» possible reasons for generating or entertaining propositions. _The

results of such inquiry rather than learning facts or laws to follow are

{deas to use, modify, and expand upon.

~ The clinical: investigation 5616ﬁ§§ to a subclass of activities
within the context of discovery., It is an inquiry procese that is used

to; search for and examine patterns in the study of phenomenon(a) im
order to gemerate an array of data and hypotheges rather than to vali-
date conclusions. It 18 common for chance, intuition,.and imagination

to play important roles in searching for intended and/or unintended
outcomes in this type of: investigation.. .

_ Success with the clinical investigation depends on two aspects:.
Analytic/Synthetic Procedures and Methodological Techniques. _Analytic/
Synthetic research focuses on the development of guiding models, or
paradigms, and explanatory theories (Wilson, 1976).: These models and

theories play key roles in designing the clinical investigation, ‘col-

lecting and interpreting data, and in formulating hypotheses. g

3

e e N N
Because education is of such ‘universal concern in our socilety and

. everyone has been in schools, most everyone feels free and competent to
speak about it in general terms. Wei are now overwhelmed with a 1lit- '
erature of unsubstantiated general ideas and principles often based on
firm prejudices and soggy arguments: Unfortunately, this literature is
not new in education. Our history is an open record attesting to a lack
of intellectual discipline. This is also true in studying diagmostic

principles and trying to relate the results to instructional practice:

But; we are not pessimistic.about the state of affairs. Unsubstantiated
claiis are a natural part of imquiry. Our common, problem is how to
attack the belief structure where it is unsupported by-data and sys-
tematic theory. The clinical study is well suited to this task for as
Popper argues to falsiiy the proposition—all swans are white——we need
to find only one "black" swan, ' No mattet how many examples may be found
to confirm the proposition only one counter example can falsify it.
Thus, in the Popperian view; theory building begins with existing _

_propositions derived from prior theories, hunches, biases, etc. Then

through systematic attempts to falsify these ‘claims, new patterns

emerge. :

‘Methodological techniques focus on.the methods; measurement tech-

' niques, etc., used in scientific inquiry. That is, methodological

studies are designed to describe and analyze methods; throw light om

their limitations and resources, clarify their presuppositions. and .-

consequences, and relate theif potentialities-to the twilight zone at
the frontiers of knowledge (Kaplan; 1964). Methodological research
heips one to understand the sclentific inquiry process. itself rather
than its products.: . o
A _
- o ’ . ’ <
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. For gbggfwe are calling "clinical investigations' there are five
distinct methods that investigators have used. They have been called

structured individual interviews, Piaget's "method clinique,' the

teaching experiment, ethmographic case studies and:prucess-development

evaluation: All the methods are characterized by the investigator being

clinical. That is, he focuses on a particuia: phenomena as he attempts

to capture essential features of the event: Thie implies the inves-

tigator cannot be simply a "data cruncher." Instead he must be in~

timately involved with the event by oBserving it and quite often struc-

'@§§b€M§§i9§1,knowledze-

topic beghn in 1891 and cantinues today. Bechtel's study (1 76) 1s a

good example of this kind of investigation: He interviewed s
graders by\gresenting them a structured set of physical divisior ;
blems. imited his questions in a systematic wgziagdﬁvideotiqed all

the interviews. All intérviews proceeded in the same way. The be~

haviors of all the subjects were then coded into EEEEEBEiEE and rela~

tionships examined. . S .

ag¢ X 1 —ﬁ%ggg starts tﬁé _same as_ tﬁé Egiﬁct@téd
interview-—githa carefully designed specific problem. It differs
however in how the interview is carried out. In this teclinique tlie

*nvestigator is 1ike a Freudian psychiatrist who probes the responses

L g T T T e T T T TP T

starts with carefully designed problems However, in this case rather
than trying to discern pupil's knowledge or how _they think the investi-
gator is interested in how pupils learn or acquire new knowledge. Each o

s _ 12 8. e ___ e _

subject is his own cantrul in that his later performance is gauged in

terms of earlier performance. Although not unknown in this country the

"teaching experiment' has been a primary research tool of Soviet re~ -

searchers. For example, Krutetskii's recently tramslated work om

mathematical abilities summarizes voluminous information derived from E
teaching experiments (1976). ;

. The ethnographic case study in contrast to the other techniques
does not start with investigator control over the problem situatiom.

Rg;hegiigfgs an attempt to discern the structure of naturalistic events. i
The methodology has been borrowed from anthropology--after all the :
anthropologist cammot restructure the culture he is studzing. ‘An

example of this type of research may be found in the current Beginming

Teacher Evaiuation Study being carried out by the Far West taboratory.

'elementary classrooms while reading and matﬁematice were - being taught.

lThié set of references is in appendix: A.
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leading experiment; ethnographic studies with more_ standard asgessment
procedures in a time-series design (See Romberg & Fox, 1976; and Fox, et
al.; 1976).

 Researchers engaging in clinical investigations must be able to (1)

articulate the relationship(s) between their research and its theoretical

bBase(s) and (2) justify the methods or techniques employed. .

The Clinicaz Iﬁ?ééEiéaEioﬁ and Instruction

¢

particularly teaching experiments and ethnographic case studies.2
Research relating to instruction focuses primarily on inférmation pro-

cessing variables of individuals (or groups), personality varisbles, and

learner~environment interactions. The mature of these variables is such

that in many instances they are better stgdied using idiographic tech-

niques in a ciinical setting rather than under experimental conditioms.

T —Ctronmbach; realizing the difficuities of studying variables related to

instruction, shggests the following approach:

Instead of making generalizations the ruling consideration inm
our research, 1 suggest that we reverse our priorities. .

An obgerver collecting data in one particular situation is

A g

1n a positidn to appraise a practice or proposition in that

setting, observing effects in context; - In trying to describe

and account for what happened, he will give attention to __

whatever variables were controlled; but he will give equzlly

cgregq; gttention to uncontrolled conditions; to personal

characteristics; and to events that occurred during treat— .
ment and measurement., As he goes from situation to situatioﬁ

in each locale, perhaps taking into account factors that

were inique to that locale or series of events:.. The special

task of: the social scientist in each generation is to pin

down the contemporary facts (Crombach, 1975):

Clinical methods fit the approach described above and thus lend them=
selves to the study of inatruction.

_The instructional event is an interactive process and is not’

static. The variety of participation responses often changes the con-

tent and direction of the event, some outcomes are often embedded within

the process itself, each event is occurring within a larger and complex

learning milieu, and the apparent content of the event shifts and changes

when 5&&5&& from &1??&;&3& personal and time perspectives. Presumably,

.

"method clinique:"” Romberg (1977} has damc with this issue in his

other paper at this conference. .

| 14
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description of the event itself which illuminates these chgrscteristics.

In particiular, any evert must be considered as a mixture and interaction

of physical, social and mbral-psychoiogicai environments. The. physical

 gpace (time, plsce arid objects) in which an evert occurs is suggestive,

fscilitsting and constraining, with respect to what occurs: What people

do and say to and with others both 'direct' observable behavior (reactions

to planned actions and questions) and 'natural' observable behavior
(naturaiiy occurring 'free' actions and responses) are part of every.

event:. And finally; the intentions of all the participants shape and
glve meaning for each individual to each event.

In studying instruction, the researcher 8 task is to discern the
patterns of interactions in order to describe the course of events and

predict effects. Heé uses theoretical constructs of social interactions,

or operational categeries based on an empirical examination of the event

to identify patterms. Also, effects are not just terminal outcomes,

they include how ideas deveiop and change over time: Thus; the central

problem faced by researchers interested in studying instructional events

is to attempt to capture the patterns of interaction which actually

occur.
- ' , o _ el
Summary . -

If one' 's knowledge about disgnosis and instruction in mathematics.

is to impreve, then we collectively must be more imaginative in our

approach to inquiry. r intent has been to stimulate you to comnsider

an alternative method of inquiry--the clinical investigation—as. a way

of discovering practical propositions abqut what we know.

ng: Clindical Invest g ations

1. Know your problem--"no one goes im cold."
>. Examine how others have carried out similar studies.’
3. Plan,to pilot ideas several times--be open to change.

Talk over ideas, plans, resilts, objectives...with others.. 7
Assume that you will léarn~~do better next time. . S e

4
5.

6. Clearly define the role of the investigator:
7. . .

8

9

1. Determine what type of instrumentation (anecdotsl prcfiiengrating
scales; structured interview protocols, questionnaires;. check

lists, observational ‘systems; diagnostic tasks orprobes, tests,

etc.) best fits the nature of your problems and your objectives.

¢
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2. Instrumentation should clearly reflect the constructs or theoretical

rationale related to your problem and your objectives. _

3. Consider validfty (content; concurrent and/or comstruct) of instru-
mentation. . .. )

4., Consider reliability of instrumentation. ‘ - .

5.

6.

7.

Observatiocns

X -

1. Clearly identify the dimension(s) of behavior or process to be

observed.

Clearly identify subjects to be observed.
Clearly identify the setting in which the observations _are to occur.
. Carefully plan and by systematic in making 'direct' and "natural’

observations.
Train observer(s) on what and how to observe.

Consider using video tapes and recorders.

Corisider reliability of observational procedure through inter-

observer correlations.

£wN
»

iy

8. Consider observing behavior(s) or process more than once--Time ;

Séﬁpiiﬁg. 77777777

behavior during observed_event.

11.

12.
13.

Data Anaiysis -
1. Categorize data so that_ it will reflect your problem and purpose.
2. Make sure you have a sufficient number of data categories.’

3. Make sure your categories are independernt.

4. Make use of tables, frequency distributions, graphs, etc. when
) possible. ] ] 2

5. Make use of individual or .group profiles if appropriate.

6. Make use of appropriate statistics.

7.

8.

Writing Results " -

Clearly state results-—be specific.

. Clearly relate results back to your problem and theoretical

rationale. (How does your study advance the frontier of knowledge?)

N =

3. List hypotheses generated by study for future research (if appropriate)..

4, Identify unexpected patterns of behavior exhibited by individuals
and/or groups.

5. Be careful--don't over generalize results of clinical investigations.

6. .

7. '

BZ i-; H - o
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Pupils’ Msthematical Knowledge or Learning:
A Chromology of Selected Illustrative References

Hall, G. StanIE§, Contents of children s minds on entering school.
1 g 1: 139-173; 189%L.

Gard, Willis L. A preliminary study of the §§§EEBIBQ§;6f reasoning.

American Journal of Psychology 18: 490-504; October 1907.

Judd; Charles Hubbard. Studies of number conscilousaess. isicﬁbisggeai

Bulletin 6: 42-43; February 15, 1909.

Buswell, G“Y Th0m88, & Judd Charles Hubbard. . Sum y o
1 c. Supplementary Educational —.

" Momographs, No. 27. Chicago: . University of Chicago, June 1925. e

Buswell, G. T. (with the co—operation of Lenore John) Diagnostic

studies in aritlmetic. Supplementary Educational Mbnographs, No. 30.

Chicago: University of Chicago, July 1926.

-

Brownell, William A. The development of children's mumber idess in

.the primary grades. Supplementary Educational Momographs, No.. 35. .

Chicagos: Uﬁiversit? of Chicago, August 1928.

Arithmetic. Twenty-ninth

Brownell, W. A. The techniques of research emplcyed 1n arithmetic.

In 'wenty-ninth
Yearbook of the National Society for the Study of Educationm.

Bloomingtom, IL: Pulbic School Publishing Co., 1930. (Pp. 415-443)

Buckingham; B: R.; & MacLatcﬁy, Josephine. The number abilities of .

children when they enter grade onme. In Report of the Society's
on Arithmetic. Twenty-ninth Yéarbook of the National Sociéty for the

10.
11.

12,

Study‘bf’Educatton———BIocmingtonf—ft*——fubiic ‘School Publishing Co., =~ -
1930. (Pp. ﬁ73-52ﬁ) . .

Busweii, G. T. A critical survey of previons research in arithmetic.

In Report of the Soclety's Committee on Arithmetic. Twenty-ninth

Yearbook of the National Society for the Study of Education. _
Bloomington, IL: Public School Publishing Co.; 1930. (Pp. 445-470)

mentary Educational Mbnographs, ﬁo. 38. Chicago: University of’

- Chicago, January 1931.

Brownell, William.A.,_& Chazal, Charlotte % The effects of premature

drill in third-grade arithmetic. Jourpal of Educationdl Research 29:

17-28, Supplement 1-4 September; November 1935. \

<

Brownell, William A.; & Whtson;,Brantlei. The comparative worth of
two diagnostic techniques in arithmetic. Jour:
Research 29: 664~676; May 1936. ’
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13. Brownmell; William A. (with K. G: g@g@ég&ﬁ, C. Rein). Learning as

University Research Studies in Education, No. 3. Durham, NC: Duke
University Press, 1939: B g )

14. Browdell, Willism A. The evaluation of learning in arithmetic.

In Arithmetic in general educationm. . Sixteenth Yearbook of the - °
National Council of Teachers of Mathematics. New York: Bureau of

Publications, Teachers College, Columbia University, 1941. (Pp: 25-267)
15.' Brownell, William A. (with R. A: Doty & W. C. Rein). Arvithmetic in

rades I and II: A eriticil summary of new am r
Tesearch. Duke Universiiy Research Studies in Educatiom, No. 6.

Darham, NC:: Duke University Press; 194l.

16. Brownell, William A:,.& Carper, Doris V. Learning the multipld .
combinations: Duke University Research Studies in Education, No. 7. o
Durham, NC: Duke University Press, 1943, ' :

17. Brownell; William A., & Moser, Harold E. (with D. M. Frazer, M. F: Kart,

mechs 1 learning: A

. study in grade III subtraction. Duke University Research Studies in
- Education, No. 8. Durham, NC: Duke University Press; 1949.

18. Busweli; G._T. Methods of studying pupils' thinking in arithmetic. In

3. H. Ostwalt, & J. F. Weaver): Meaningful vs. mechanica

Arithmetic 1949-(compiled & edited by G. T. Buswell & Maurice L. Hartung):
Supplementary Educational Monographs, No. 70. Chicago: University of g

' Chicago Press, November Tgas;\*\(p{;ss;ss)

—

Dawso dens n experimental approach to the -
diviston ldea. Arithmetic Teacher 2: 6-9; February 1955. ‘ :

e e e —————————

19. ‘Dawson; Dan T., & Ruidell, Ardes K.
20, 7 : C: Thought p o —
20. Gunderson, Agnes G. Thought patterns of children in learning multipli=

cation end division. Elementary School Journal 55: 453-461; April 19555 -

t
1 7 %

21. Weaver; J- Fred: Big dividends from little intervievs. Arithmetic
. Teacher 40~47; April 1955. : L

1 solving
k £ _or Cali u ton, Vol. 12,
No. 2. Berkeley: University of California Press, 1955; (Pp. 63=148) .

Busw Patterns of thinki

22. Puswell; Guy T., & Kersh, Bert Y. jinkis
problems. University of California Publications in Educati

25. Gibb, E. Glenadime. Children's thinking in the process of subtraction:
erimental Education 25: 71-80; September 1956.

AT X

24. Van Engen,. Henry, & Gibb, E: Glemadiné: General mental functions

fa . - 7,,7_”—?7—'——_-_'_
associated with division. Educational Service Studiesd, No. 2.

Cedar Falls: Iowa State Teachers College, 1956. E

53: 97-102; November 1859. -

55. Olander, Herbert T., & Brown, Betty Irene. A résearch in mental
arithmetic involving subtraction. Journal of Educational Research
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27,
28.
30.
31,

32.

33,

342

35.

e - - —mathematdics:

36.

37.

~._ 38,
\ -
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Ruddell Arden K. Leveis of difficﬁity in division. Arithmetic
ieacher,6' 97—99 March 1959. :

1
Pace, Angela: Understanding and the ability to solve problems
Arithmetic Teacher 8: 226-233; May 1961.

Brownell, William A. Arithimietical abstractions: Progress toward

maturity of concepts under differing programs of instruction.
Arithmetic Teacher 11: ™ 547-556; December 1964.

Brace, Alex, & Nelgon, L. Doyal. The preschool child's comcept of

pumber: Arithmetic Teacher 12: 126-133; ?ébfﬁiii 1965.

Gray, Roland F. An experiment in- tne,teseb_ng of introductory multi-

plication: Arithmetic Teacher 12: 199-203; March 1965.

Gray; Roland F. An approach to evaluating arithmetic understandings.

Arithmetic Teacher 13: 187-191; March 1966.

Hervey, Mhrgaret A.f Children's responses to two types of multiplication
problems Arithmeticifeacher 13: 288—292' April 1966. ,

Brownell ‘William A Conceptual maturity in arithmetic under differing

systems of instruction. Elementary School Joﬁrﬁal 69: 151-163;

December 1968.

Kilpatrick, Jeremy Analyzf*

éf Unpvblished doctorai dissertation;

Stanford University, 1967; (Dissertatinniﬁhstracts 28: 4380A;. May 1968,

Rea, Robert E:, & Reys, Robert A. Mathematical competencies of
ertering kindergartemers: Arithmetic Teacher 17: 65-74; January 1970.

Reys, Robert B., & Rea, Robert E. The Comprehensive Mathematics

inventorg 77777 An experimental instrument for assessing the mathematical

competencies of children entering school. -
Mathematics Education 1: 180-186; May 1970.

Lankford, Francis G., Jr. Some c egd
. Final Report, Project No. 2-C-013, U.S. Department of

Health Education5 & Welfare, Office of Education; Nationdl Center

_ for Educational Research & Bevelopment, and Center for Advanced

N tudy, University of Virginia October 1972. .

ST Douglas A. - Dpen sentences. Sdme instructional considerations
r 19: 595—599, November 1972.
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A Gﬂ:l;ni;cail; Model for Biagnos:!:ng Mathematical Deficiencies, (FEB)
Tncorporating Bducational Cognitive Style ] «

~

~ Williaa R. Speer
Bowling Green State Ihiversity

~C

:']—: troduction . . . . - . . s

One of the most si@iﬁ:cant movements toward improved; instruction
that has been made in recent yea.rs is that of incoa:pora.ting into the

detecting needs for_ preventive _and cor:rectiye teaéhing (Ehgelha.rdt,

1974, 1976; Irons, 1976). In fact, ‘the térm "dlagnosis" and its
variety of meanings have becatie part of the vocabhulary of mathe-
matlcs educators, with same notable exceptions, at all levels of

instruction (crenson, 1976): As an example, consider tue' Guide-

+ion of Teachers of Mathematics (1973) published

by the Commission on Preservice Biucation of Sreservice Bducation of Teachexrs of Mathematics

. of the National Council of Teachers of Mathematics which put forth
- recommendations that included the attainment of competencies in

“recognizing stages of cognitive; affective; and psychomotor derveiop-
ment in children and individual differences between children as
these differences pertain to the learning of mathematics," (p. 15)

abillities in the lean:ning of n;a:thema;*‘ics and to know what tools |

a(nd tec)shniques are a:va:tiabi:e to help with diagnosis- and:—cerrectton" R
Pe i5 ° ) \

_ Nevertheless; _when the 1iterature d.ea.ling With the d.‘l.a.gnosis
of mathematlcal difficulties is examined, one finds "a paucity of
relevant research and a lack of siubstantive contributions" (Cawley,
1975, p. 12). "Research, in the maln, has been perfunctory at test -
and dilssemination almost non-existent" (Crenron, 1976, p. 1). Suiler
(1970), in the National Council: of Teachers of Mathematics Thirty-

Second Yearbook, reported a study’ which categorized research studies -

in mathematics education made in the United States .between 1880 and

1963: The category focusing on diagnosis. contained a_ total of only

103 entries, which in graphical form, reflects a bimodal distribution

with the modes appearing in the late 1920's and again in the early ot
1940's, A similar study by Suydam (1970) located a total of 107 . B B

~ studles focusing on dlagnosis and/or remediation for the periocd

ranging from 1900 to 1965, Wilson, reporting on the nature of

research in methematics education, stated tha;t any seaxrch of avail- .
able resources . ,

\
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and treatment of children's learning dlfficulties
in mathemsti.ce/ 1s elther not recognized as research,
or is deprasciated s research, and in some circles
even deprecated as research, (Wilson, 1973; pp. 1-2)

. Several recent calls for need;ea; i'ééea.irchappea.r to be ha.viﬁé

Comrilttee on Mathematical Ediication, 1975; Né.tiona.l ASSi
Educational Progress, 19733 Natlonal Conference on [

in Mathematics Pducation, 1967; National Conference on Remedial
Mathematics, 1974, 1975, 1976): 4 cursory examination of recent

National Councii of Teachers of Mathematics regional and national
meetings indicates expanding attention to the diagnostic-remedial
.arenas State governments also provide impetus for further gains
by the passage of laws such as Section 230:2311 of the Florida
Statutes (1975) which states, in part, that each school district’s
Program shall include an individualized dilagnostic approach to
mstruction. S 3 ,

Probably the '70s will witness & kindling of

effoxrts bty a national cross-sectional group.

cf individuals from diverse institutions repre-
senting isolated efforts in dlagnosis in cllnics
and teacher training programs. The most iden-.

tifable catalyst in this movement 1s. the effort
--of 'Jim-Heddens ‘at Kent State tmiversity who,

through the help of the KEDS Genexral Assistance

Center, has organized three national. conferences .

with dlagnostic themes. (Underhill, 1976, p. 1)
Gallahan in his srmmary pa.per of the first National Conference
on Remedial Mathematics, stateds _

H.inar parbicipants commented on the level of
knowledge that exists in regard to dlagnostic-
remedial procedures in mathematics. It would

seem falr to say that there is not a great deal

of systematic; accumulated knowledge. Same
smatherings of research evidence and some sensi-.
tive and insightful thoughts on the subject exist.
Some isolated individuals at various points in
time have attempted to pull together some of the
research and thoughts, but the level of sclentiflc
Imoﬁledge regarding the diagnostic-remedial epi;soda

in pathematics is not great; (caﬁ;a:han, 1974; ps 3)

Many examples have been used to cite this apparent lack of
concern for providing a sound Imowledge base for research on

2¢
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dlagnosis (National Conference on Needed Research in Ha.thema.tics )
Education, 1967). What is perhaps more important is why this state
of affairs exists: Engelhardt (1974) proposed three major factors

as possible explanations. - These are (1) "an insufficient understand-

ing of the learning process,” (2) “the disjointed nature of most

research effarts,” and (3) "the _apparent lack of theoreticﬁ mod;ei:s

variables to provide a common focus for TeSearch” (ppe 2—3). 'I'tiéée,
three factors provide the framework for this paper : '

. E! 7!’!:]!!"!7§7727 " ' ) :.-.- i
‘' The purposa of this paper is to describe a theoretical model =

for the clinical di&gnos:ts of ma;'l:hematieas]: deficiencies--a model

which is compatible with and bullt upon research and supported by
theory: The research base for a study of this nature is'not confirma-
‘tive (ises; one which is eﬁf»ei'ﬁeﬁ‘cai; but rather it is generative
(L.e., one which generates hypotheses) and analytic-synthetic (L.6.,

gione x;hich constructs guiding models and explanatory theories) (Wilson,
973 :

Specifically, the model focuses on th:r:ee ccnsidera’tians. na:mely,

the idei%ffi;ééiiéi of specific mathematical deficlencles, the iden-

tification of mathematical cognitive style, and the identification-

of general educational cognitive style. _The model is designed and
developed prrj;ma.ri]y for use in a cl:l.nical setting .

~ Identification of specific mathematical deficiencies refers .
to the process of detern ig, by various forms of exmmlnstlon the
specific nature and ch.'cimsta:nces of a more general,. suspected defi-

ciency. For the purposes of this paper ‘the dlagnosis of mathematical

deficiencies-is limited to the concept clusters represented by the

Kent State University Mathematics Checkilst (1975).: It is important
o note, however, that the possibility exists far the extension of -
this model into other areas and levels of mathematics. Indeed, if

this model is to provide any significant contribiition to the field

of dlagnosis it ..1st have this property. "The creative aspects of
mathematics, skill in searching out mathematical patterns, non-routine.
problem solving, and the - gtudy of functional “elatianships ust be

considered as carefully as ‘the skill aspects® (Rted;esei, 197# ‘P 1)

Mathematical cognitive style is viewed as the manner in wEicL
an individual operates on the concrete--representative--abstract
hierarchy in light of medlating variables (l.e., visual, auditory,
tactile) encountered in both the mode of presentation and tyze of
desired student response, )

A

Biucational cognitive style, as it is used in this paper his

its foundation in the wou.‘k-—d‘me by Hill (1968, 1972, 3:9?4)

o5
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/I/'nfb’ﬁjiallarf y, éducatlonal cognltive style 1s the way in which an indi-
" vidual takes on meaning, the way in which an individual percelives
“ his surroundings, the way in which an individual can master an

- educationdl task most readily (H111, 1974),

B

The purpose of the paper; then, is to combine the three factors

of maunemattcaa; diagnosis, mathematical cognitive style, and educa-_
to genera.te a map of the’ Mdividual student. THis map can then be
used in a prescriptive sense to determine the most probable means
of providing successful co.‘t.'rective teaching.

‘one of the assump'd;ons of th:!;s pa'.:per is that "ma:n is not conten'b '

with biological sa.tisfactlons alone; but rather he continually seeks
meaning" (Hill; 197%; ps 2); The implication is, of course, that_
we are lpherently curious a.nd. ‘constantly searching. for reasons. and

' expla.na.tionsa which give meaning to our enviromment as we' gea-:ceive
i*. The fruits of our search for knowledge and. understanding,. in

thils instance, are represented by a jprofusion of theories-and modaﬂ;s

which attempt to explain various aspects of the educaticnaﬂ: az:ana.
~ Some theortes az:e fomuiate& on the bas:ts of paj;nsiali.tng oBsma,-

(Hi; son, 1973); The foundatinn of é'iibh 'hheories lies in the gathering
of experimental data which js then used to develop classification -
schemata, - In. ma.thematics, Yor example, this is akin to the inductive
reasoning process used by elementary school ‘children who .generalize,
after several experiments, that the sum of two evan numbers J;s an

- ' even number, o .

. Other theories are pmed:l;cated; on the basis of rats;onal ana..'i;ysis. L

. That is to say; a general theory is put forth; based on certain . N

NS, iments"” or observations are made to see | ;
whether or not they fit the theory. Bssentlally, this is the process

- called "empirical mapping" by Hill (1974), or “generative research® BN
by Wilson iﬁ?’?B) An exsmple of such a process can be found in the , o
works of Piaget (1952),

An mportarrt eimcter.tsttc of confirmative or experimental

resea.rch has been described by Mouly.

. Bxp "7’"enta.tion, whether in educa,tion or any_ other S
field, rests on the assumption that there exist
Anvariant _relationships between certain antecedents

v YTt _TRAX pubacihondastude ;

and certain consequents so that, provided a given

set of conditions prevail, if one does this, that o

will follows (Mou:'l;y, 1968; ps 6)s

1
Y
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been derived through informal “observation; and consequently generaliza- '
“tions,/principles, and laws formulated in this manner are vallid under

o

“ -ié-' ' . . g

But, exceptions to the "rule" do exist. In education it 1s particularly

easy to rationalize these exceptions into oblivion by calling on some
unusual circumstance as the cause of the unexpected exception. In

many instances, of course, there may indeed be some "unusual circums-

tance"” acting: The multitude of variables involved in many educa-

- tlonal studies surely tnccee.se our chances of overlooking an important

fEctor. : ,

’I.he difference between what was pla.nned a.nd
actually occurred 1s considerable. Fﬁn.'bhermore,
this difference is .intended, . Corrective inistitic-

'bd:ena:j; events are not mechanif€ic routines to

be blindly followed: Real events grow, changs

and develop as the human beings involved in the
event ﬂ:nteract. (Romberg, 1976; Ds 3)

}revertheless, this technique of ra.tiona.lizing 1denﬂ;fiei contradic-
tions scmetimes amounts to little more than burying our heads in

the sand. About the best that can be said is that experimentation -
in education has produced a number of generalizations, .principles,
and laws which are valid under certain stated conditions (Van D’alen, .

3:966; Rombe:rg 1976). A _ .

Information ga.-bhered; in the name of rational iz;gyge » persomnal
experience; intultion; or opinion has the same characteristics 4
great deal.of the "knowledge" we possess relative to our students has

~

certain stated conditions. It appears, at least to the.author, that
when we deal with the "less tangible," less experimentally oriented

aspects of education there is little difference between the experi-

mental and experientipl approaches; except perhaps that in the

experiential model we do not txy to ra:btonail:tze inconsistencles into
oblivion (1 ’ 1975) .

mstead. of ma.rd.ijé geheralizatione the ruling
consideration in our research, I suggest that
We reverse, our pu:io:r:ities. An observer collect-
ing dat= 111‘ one partlicwlar sitwtion is im &

position to appralse a practice or proposition

in that setting, observing effects in context.

- o UL il A

" In trying to describe and account fér what
. . happened, he will give attention to whatever
_ ¥ .. variaples were controlled; but he will give -
K : equallar ‘careful. attention to uncontrolled _ - z
tidns, ‘to.personal ‘characteristics, and ,
to events that occurred during treatmént and .o
measurement. ., As he goes from situafbion to “

. . sttuation his fizst task i to describe aud L

. o .- - l‘

o
-
.
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interpret the effect anew in each locals,
perhaps taking into account factors that were
" unique to that locale or series of events,
(cronbach, 1975, p. 117)

This is essentislly what Romberg (1976) called "wrocess evaluition";

a

"process” in the sense that the focus 1s directed toward actions’
as_opposed to outcames, and "evaluation" in the sense that it is a

question ralsing search rather than conclusion drawing research. ‘

Wilson summarized the position of research of this nature in

the following manner.
The reascns for neglecting the systematic develop-
3 ment and use of clinical intervent®omas a type

of research are varied and have deep histarical - -t
roots.s Of those which are most often mentioned

-to me; the most common are that "such studies
"they use.procedures and data that don’t lend _
themselves to the analyses of inferentlal statis-
© tlcs", "you can’t generalize from one chlild aor
] even a small group so studled", "there is no way
: to replicate", etc. : 5

Such criticisms are based on criteria appropriate

Jabeled as experiments and intended by the re-~ _

searcher to fulfill the purposes of experimental

i'éééé;r.‘;éhi gu&hf@iﬁi’cim' Sm8 are, of course, accurate

and fully justified, , =

That studles which do not claim to be sxperiments

are also criticized on these grounds—-if only
impiicity~--attest to the eminent position the .

criteria of excellence in experimental research
have attained in our community. The hlgh esteem _
we have for correctly designed and executed. experi-
mental research is fully justified--for the purposes
to which experimental research is suited. A some-~

" what comparable.and justified esteem is heléd for
., ° sound correlatiomal studiess But is 1t possible
this esteem huB obscured our clear recognition of  ~

the potential value of other kinds.of research?
In turn has thisfiinhibited our efforts to improve
other kinds of research? (Wilson, 1973, P« 2)

Gus often hears, partloulsrly i educutionsl contexts; that

theory and practice are not even related, let alone isomorphic

<
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(Newsome; 1964)s Others, including the author,; do not agree with
this positions Reys and Post (1973) stated that, "Facts play a
central role in the development of theory; and the theory subsequently

provides a systematic interpratation of the gene:r:a.l area to which the
facts are rela.ted." (p. 16), H111 stated that :

21~

It 15 a serious mistake to think of a rea.lm of

theory that is separate and different from the

realm of fact: It would be reasenabie to say

elther that facts represent one kind of theory

or that theories represent one kind of fact, but :
most reasonable to say that fact and theory .
represent different degrees of what is basically

a single process. (H.'Lll, 1963; De 23)

matic implication"
beliefs relsvant

theory and practice 1 best be described by "p
which he defines as "a ratienzl _person with ¢

to certain kinds of situations generally acts in accord with those

beliefs" (ps 54). Guttchen (1:966) took exception to Burns’ approach;

mainly because the texrms '"rational" and "relevant" seem to leave too
miich room for different interpretaticn: He did; however; allow for
the possibilities of actlion according to pragmatic melica.tion in
such areas as medicine or engineering

~ Gowin (1963) posed the view that theory 1s a blending of loglc
and facts and that it is best seen as a gulde to thought and inquiry.

In other words, Gowin points to the true nature of the reiat:l;onsi‘d;p

between the strategles of studles d;one tn an experimental vein and
those founded on rational analysis. 1964 ) preferred to
couch educational theory in terms of a. stra.‘beg'—-Wha.t Gowin (19011-)
referred to as a flow chart to gulde experj.menta.tion. :

Clements (1962) described two basic types of thecries, namely
"srescriptive" and "descriptive.," Of these two, the former repre-

sents what is generally called "educational theory." According to

Soltis (1968), "Descriptive theories are adequate when they allow

i gonpan i T/ 2 TWEEITTTE TR TE puginatandippett putpe it - -z _ThETT e ———— 2 — 3

for accurate predictions and 1ittle, if any; educational theory is

now of this sor'b" (ps 85)s

. Two opposing views are presented by Reys and Post (1973) and
Newsome (1964),- Reys and Post contended that, "Ideally, thearies
should provide insight to both theorist and pra.cti-bionecr concerned :
with a commoh area of investigation" (p. 17). Newsome, on the other
hand, argued that the relationship between theory and practice is
negligible, Theory does allow for better understanding of practical

situations, acco:rd:tng to Newsome, but it does not describe a set

of logical processes to be applied to any gi‘ven sitt:a.tion.

29
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~ Whatever the organizing foundation for theoz‘y may be, the

stmct\me of the theo:r.';v provide us with the means to at least a.ttempt
—~to_ predict and control events in our surroundings. The degree to
which\we have predictability and control 1s dependent upon several
factors includ.tﬁg "goodness of £it (how much agreement thire is -

between the model-and the phencmena it is attempting to describe),

"relevance" (the degres “to.which the theory matches other charact-

er:!:zations, particularly those\that have "cheeked; out") and “fruit- :

fulness" (the development of chaeckable cha.ra.&Eeriza.ﬁons beyond

thosi already in existence), S

-

) Golladay, DeVaiilt, Fox, and Skuldt (1975) identified problems
in empirical research in mathematics education., It 1s argued that .
it 1s \Pften difficult to choose "appropriate conceptuslizations and

measures for a varlety of phenomena" (p. 159) found in the study of

individuals and individual differences. Further, "models of more .

traditional, structured educationsl experiences are not appropriate
for\emnim:tng the -greater variety of opportunities and experiences
characteristic of most individualized programs" (ps 160). A call ..
is made {for the use of par 8; l.e.; descriptorS, to identlify
categorlies and relations with the intent of organizing observed
data, 'ﬂ}gy Polnted to the successful use, by the sclentific com-.
munity, of j ms but quickly draw from a study by Apple (1973)
which indicated that while educators of ten empioy paradigms they
are seld.cm speciﬁcaaj;y stated,

y et al; also pointed to the problem of reliability
dles which focus on the individual, The major cause 1s the
ity of events which are presented to the obsexrver. They
that .

\
It may well be inappropriste to search for
traditional methods for testing the reliability

of \infdrma‘biun when the program being studled

d;em.rts from traditional patterns sas and in-

formation is gathered in a mamner different
i‘ro;l:l;t of traditional research designs.
(Gol: y et alu 1975’ Ps l168)

Since theé pa:esent paper is concerned with the development of a

fiodel for| use in dlagnosing an individual's mathematical deficlencies

and identi g individual educztional cognitive styie it seems that

the notiz pres ented in the previous pages, are rei:evant However, .

an additic naﬂ: w of cautlion is necessary: An liherent danger of

developing an iilustrative model (or theory, for that matter) is

i;dat on to the point that distortion makes the model (or.
1gelesss On the other hand, presenting a model (or theory)

Wersi;mp
theory)
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which incorperates all of the complexities of the situation under
study runs the danger of being too coplous to allow for practical
application.

'Diagnostic models are of three varieties in terms of the setting

in which the diagnosis is to take place, namely, models that are

classroom oriented, models designed for clinical use; and models
. which may be applied to either enviromment:; The primary emphasis
in this paper is onclinical models since the (MD)< model is of this
type. :
~ Dlagnostic fiodels can also be differentiated on the basis of
their assumptlons concerning the p wpose of dlagnosis and its cor-
responding methodologles. } '
~ One type of model, the ability txraining model, has as its
purpose the identification of learner capabilities which, when =
identified; may be used to prescribe corrective teaching (Uprichard,
Baker, Dinkel & Archer,; 1975). Thus, abillty training may be roughly
equated with aptitude-treatment-interaction (ATI) which "seeks to
Provide a basis for employing differential treatments in order to
exploit the cognitive preferences displayed by different individuals
for differing content or mode of instruction" (Hancock, 1975, ps 37)s
Some objections to the use of the ability training model that
have been cited include: (1) the nature of the operational defini-
tions used; (2) the difficulty of incorporating ATT findings in the
instructional setting; (3) the instabllity of reliability and validity
measures of instruments used to gather data, and (#) the lack of '
research which supports the notion that remedlating weaknesses in
ccgnitive preferences leads to lncreased performance in the class-
' room (Stiglmeler, 1972; Uprichard et al., 1975). :

" - Bach-of-these objections can be countered by referring to the

avallable literature; For example; objections-one-and fwo can be

dispelled by providing a scientific framework for education and =~

the accompa  means of implementing this framework in educational
settings (Hi11l, 1974), Objection three has been discussed at great
length (HL11, 1973) and poses no problem provided results are properly
interpreted, Concerning objection four, 1t has been stated that,
"the lack of productivity in thils area has been ascribed to inadeq-

uacles. in research deslgn and general methodology" (Cunningham; 1975;

P: 171): However,. there now exists an abundance of research which .
refutes the objection that application of ability training techniques
does not increase achievement. Not only has it been shown that _ :
remediating weakness in the child's cognltive preferences leads to
increased perfarmance in learning situations but also it has been
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shown that remedia.tion based on utilizing the chiid's cognitive

preference strengths has similar effects (Radike: 1973)s
The second theoretical model for diagnosis 18 known a8 the ta.sk-

analysis models This content oriented method consists of "analyzing

a learning task into a hierarchy of subordinate tasks, dlagnosing
the pupils' mastery of the subardinate tasks -~ glving instruction
in the specific subordinate tasks not master. oy the learner”

Egg.l.l.aha.n & Rotinson, 1973, s 579). According to Uprichard et al..
1975), in task analysis “the emphasis is -on component skills and

their integration into complex terminal tasks rather than the pro-

t(:esseg that jmasmabiy und:e:r:iﬂ;e the development of specific tasks" .

\Pe 2)e )
Tdentified criticisms of this model includes: (i) the content-

orientation may cause the diagnostician to overlook important factors

in the student,; (2) the task analysis of certain subjects is dif-
ficult, (3) the validation of hierarchies is a difficult process,

and (&) the prescriptive philosophy of task analysis tends to be -

founded on changes in the curriculum, for the most part ignoring

changes which reflect analysis of the 1ea:mers' cogzﬂ:tiVe style
(Upr:tcha:rd et als, 1975). ,

77777777 Despite these criticisms._ several studles have pointed to the
value of the task analysis model, For example, Uprichard et al,
(1975) stated that "the task analysis model has appeal far /mathe-

ma.tic_s7 ediicatars since the structure of the_discipline aids in the

butlding of hierarchical relationshipsssss /it/ is valuable in that

the diagnostic findings rely on fewer undefined and unvalidated B}

assumptions” (ps 2). 4Additional benefits of the task analysis model
have been suggesteds

One conjecture 1s that a procedure of dlagnosis
and instruction based on a hierarchical analysls
or subordinate tasks 1s an effective procedurs

for students® lea:r:n.‘l.ng of a mathematical task.ses

‘- Another conjecture is that where the task analysis

procedure 1s used in the teaching of a mathema-

tical task the incidence of underachievement ss:s

will significantly decreasessss In summary, the

task-analysis procedure When combined with mean-
ingful mastery learning of the subordinate tasks
in a hierarchy seems quite effective in learning

a mathematical task, (Callahan & Robinson, 1973,
DD. 583-58%) -

It should be noted at this potnt that the model d;esc:ribed; in
and the task .

'this paper is a synthesis of both the ability

analysis theories of disgnosiss The Model for Diagnosing Nathematical

Deficlencles is d:estgned; to provide j.ni’oma.tion about student style

-
W
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as well as content deficlencles, The corrective teaching procedures
suggested by the model include not only revisions-in content but
also in modes of instruction to better match the individual’s unique

cognitive preferances.

B _Another method of differentiating between d:tagnost:tc nodels is
by identj;fying their research base; specifically; by referring to the .
manner in which the various theories of diagnosis are developeds

Wilson (19?3) dééaz:ibed three mafjor cla.sses of resea:r:ch. 'Ihe

on "activities designed to assess the truth of frobable hxpotheses"
gp. 11)., The second, analytic-synthetic research, deals with "activi-

ties involved in the development of-gulding paradigms and explanatory .

theortes” (ps 11); Third, generative research, is based on "activities

consistent with the postulates of sclence designed to generate
hypotheses with an a priori probability” (ps 10):  Generative research
1s further described by Wilson in terms of two subtheories: (1) ,
normative research with "activities designed to_generate hypotheses
cancerning facts and those connections between facts which exist in

nature” (p. 16). and (2) clinical interventicn research which involves

"activities designed to generate hypotheses on those connections

1(:e+wegr; facts which might be rought into nature by some :tntarvention"
Pe 1 ; .

_ _The model d.esc:ri‘bed in the present pa the clinical Mod;eil;
for Dlagnosing Mathematical Iﬁﬁ.tz.i.em:.tes--{ﬁ])s2 has a research
base which 15 both generative and analytic-synthetic. Aptitude~
tréaﬁéﬁt;mtéréctj.bﬁ theorlies are also founded on the generative
research approach by nature of their study of the relevant processes
engaged in by students in learning situations with the intent of
generating hypotheses concerning these processes (Witu'cck. 1974).

Much of Piaget’s wark has centered on this same form of research,

Pi:agetiam—type research has i:npeiied; us to

host of new quegtions concern:l.ns the nature_
of developmental stages and of developmental
processes generally, as well as of the kind
of research approaches which the study of
these problems demands. In:so-doing it has

helped us appreciate the important place of

_systematic theory in an area of developmen~- .' . _ -

‘tal research; essentially comparative in
nature; which has not always been noted for
its _thecaretical sophistication. On the other -
hand, the theoretical significance of research
inspired by Plaget’s'ideas does not prevent
it from ha‘.v:!.ng direct and mpor'ba‘.nt relevance
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pedagogy and educa.tiona.l practice. (Wohlwill,
1968. Pe t’#é

To summarize, d:!:a;gnastic mod;eits can be differentlated in terms _

of whether they focus on classroom and/or ciinical procedures, on

- whether they are abllity-training or task analysis orlented, and;
on whether they have a research base which is confirmative, genera-

tive, or analytic-synthetics These different. a.ppmoaghes to the
on what diagnosis 1s, but rather on how dlagnosis is to be carried
Out.

" Befare discussing the (fﬂ?)z model; it 1s necessary to examine
one of its components in same details This 2omponent, educational
cognitive style; i1s not content oriented toward mathematics but its
:usefulness in the prescriptive stage willl readily become evident.

There will be a great cha.nge made in the first
and foremost and continuing business of soclety:

the education and training of the young: The

development of the mind of the child will come

to rest in the knowledge and skills of the bio-~
chemist; the pha:nna.cologist, and neurologist;_

. and psychologist, and educator, And there will
be. & new expert akroad in the land--the psy-_

choneurcbiochemeducators (Krech, 1969, P« 374)
While the "new experp" that Krech refers o may still be some-

what mttn'istic, advances have been made to develop & more sclentific, .

but not less humanistic, framework for educations The most notable

of these efforts falls under the auspices of the American Biuca-

tional Sciences Association and its founder, Joseph Hill. Since’
its inception in 1971 (Hill's first published work in this area
Was in 1966) its membership Las grown to over 250 (AESA Membership
Directory, 1975) and a recent AESA bibliography (Berry, Sutton, &
McBeth, 1975) included over 300 entries on various aspects of the

Bducational Sciences. Also, the educational sclence of coguittve

style has had considerable impact on educational programs ‘at all

levels and hzs been adopted by many school systemss It is recognized
that shear nmumbers are no. indication of the value of any o zation
or causes This data is provided only for the reason that it dispels
any thought that knowledge of, and development in, the F.B.uca.tiona.l
Sciences is limited 'bo g select few.

 The following quotes suggest the rationale for the developnant
of the Educa;'t:idnal Sclences. ,
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American educatlon presents to 'che public view

the spectacle of a house divided against ltself.,

Ons nseds only to persue the back coples of

educational journals to see how the battle has

raged; and to observe the disarray of the schoolss
. Fich conflicting point of view finds its advocatess;

Tt is obvious that the confusion _and disarray in
education arises from the lack of comnonly agreed
upon goals, - pmactices, and definitions. " In other

words, instead of having a common framework and s

a common language, educators have devsloped an

amorphous collection of ideas; concepts and methods
from a variety of other &isctya:tnes. {Radike, 1973,
Introduction)

Without a framework of la.ngua.ge' the vast fil.eld.
of human activity called 'education’ does not

readlly lend 1tself to meaningful d.escmiption or
definition. At the present time, the ymiverse of

discourse assoclated with sducation l=cks precision

beyond that found at the levels of common sense

and dally jouwrnalism. The difficulty with such

language is not that it fails to provide a form

" of communication, but that the pcssibilities of
nisunderstanding are great and the probabllity
of relatively preclse discriminations and predic-
tions 1s small, (H1ll, 1968, p. 1)

Many educational tems do not have clearly assigned

and commonly understood meanings, when words such

as 'democracy’, ‘education'; ‘curriculum’, and

‘discipline' are used by different workers in_ the
field, they may stand for slightly or radically
different things, In contrast, the technilcal -
terms in the exact sclences such as meter, ampere,
lightyear, and calarle are instruments of great

exa.ctitude . ( Van Dalen, 1966 » Po 200 )

These exact sciences refer.r:ed; to by Van Dalen can be equated; '
to what Ht1l refers to as "fundamen‘ta.fl; d;iscipfl;:;nes" (i-!ﬂ—l, 1974),

gensrated by communitles of scholars that Pro-
duce pure and distinctive forms of information
about phenomena which they study, Blology,
history, srt, psychology, and mathematics are
exafiples of fund=amental d.‘l.sciplines. '
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Complementing the fundamental disciplines are

the applied or derivative flelds of knowledge.
These_bodles of lnformatlon are generated by
practioners who deal with pra;ctica.l considera-
tions of the human condition, Medicine,- pharmacy,

engineering, and law are examples of apgﬁed;

f.tefl;d;s of knowledge, (iﬂ.—ll:'t, 1974%; pe 1
Bducation is iiai-. a fundamental aﬂzééiﬁliﬁé but instead is an applied

or derivative fleld: The Educational Sciences represent an attempt
to describe a conceptual framework for education that is as precise.

and definite as that found in other applied fields, Accord.tng to Hill.

With the developnent of the Educational Sciences,
the solutions of problems and explanations of

phenomena are facilitated, and educational prob-

lems accuring to inadequate éommmication. mis-
of effort are alleviated. (H111, 197%, De 1)

Présently there are seven educational sciences, These include:
(1) symbols and their meanings; (2) cultural determinants of the
meanings of symbols, (3) modalitles of inference, (4) blochemical

and electrophysiological aspects of memory, (5) cognitive style of ‘

individuals, (6) teaching styles, administrative styles and counsel-

ing styles; and (7) systemic analysis decision-making. The fifth

' educational science, cognitive style of individuals, includes the

first three educational sclences (the fourth is not sufficiently
developed at this point), Therefore, for the purposes of this paper
the discussion-will center on the educational sciences of sarmbola
and their meanings;. cultural determinants, and modalities of

inference, 1.6., educational cognitive styls,
Classroom teachers have long been aware that studants come to

know what they know in their own linique way: Until recently, however,
there was no. established framework for teachers to analyze the learning
habits of their students and match them wWith the “most appropriate"
mode of instruction, EH.uca.tional cognitive style provides such a
framework,

Briefly, educational cognitive style is a means of id;entifyins

the ways in which an individual perceives and reacts to the environ-

ment; An individuals' cognitive style is the way a student tends to

seek meaning and the manner in which information 1s personally.filtered.

Cognitive styles are influenced by the ways in which individuals )

derive meaning from symbols related to theilr\perscnal experlences and

. the World about them; the influences of family, friends, and their
own individuality on thesg meanings; and the d. of reasoning pracessas

used to derive these meanings. ,
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A BRiEF ‘GUIDE TO COGNITIVE STYLE MAPPING
Symbols and Their Meanings

Reprinted with permi$sion from Joseph Hill (1976)

]
Two types of symbois, theoretical (e.g., words and numbers) ,
and qualitative (eg., code data) are basic to the acquisition -
of krnowledge and meaning. Theoretical symbois differ from

qualitative symbols in that the theoretical symbols present to

the awareness of the individual something different from -

that which the symbols are: Words and numbers are

examples of theoretical symbols. . Qdalmmve symbols are
- those symbols _which present and ' then represent to the
‘awarness of the individual that which the symbol is.

(Feelings; commitments and values are some examples of the
mzanings conveyed by tie qualitative symbols.)

There are four Theoretical Symbols. ,
T T(VL) Theoretu:al V‘sual ngumzc - ablllty w fmd

area indicates someone who read“ with a better
than average degree of comprehension.
Theoretical Auditory, Linguistic — ability to

acquire .meaning through hearing spoken words.
Theoretical ability to

T(AL)
Visual Quantitative —
acquire meaning in terms of numerical symbols,

relationships, and, rneasurements

Tival

TIAQ)

relationships and measurements that are spoken:

(Meanmgs for qualntatlve symbols are der:ved from three

sources: 1) sensory stimuli; 2) coltoral codes (games); and 3)

programmatic effects of objects which convey an aimost

automatic impression of a definite .series of images, scenes,
events .or operations. At the present time, there are 20

qualitative symbols inciuded in the “symbolic” set; five of
them associated with sensory stimuli, five that are
programmatic in nature, and ten associated with cultural

codes.

'
H

The fwe,qualutatwe symbols associated with sensory

‘stimuli are:
Q(A) “. Qualitative Auditory — aﬁlllty to perceive

meaning through the sense of hearing. A major in
this area indicates ability %o distinguish between
sounds, tones of music, and other purely sonic

sensations.
Qualitative Olfactory — ablllty to pereeave
meaning through the sense of smell;

Qio)
Qualitative Savory — ability to perceive meaning

—--—-by the sense of taste. Chefs should have ﬁfgﬁly
developed qualltatlve olfactory ”””
abilities.

Qualitative Tactlle — ability to perceive meanmg

by the sense of t touch temperature, and pain.|

Qafs)
Qim)
Qualitative Visual —\abaw"gning
through sight.

t.

Q(v)

‘alces)

'l'he qualitative symbols that are programmatic in

' nature are:
Q(P) Qualitative Propnoeepﬁvo < ability to synthgsa;o ]
symbolic _mediations

number of
performance demanding monitt 'ng of a eomplo&
task (e.g., instrument,
typewrltmg) or into an immedicare awareness of a
possibie set of mterrelationshlps between iVmbollc
mediations; i.e.; dealing with “signs."” _

qug!_n;g}jggi Proprioceptive Dextral - a
predominance of righteyed; right-handed and
; . rightfooted tendencies (a8 typically right-handed

into_ a

person) wkile synthesizing a number of symbolic
mediations into a performance demanding
monitoring of a complex task (eg.; playmﬂ a
musical intrument, tvpuwntmg,

Qualitative Proprioceptive Kipamatics — ability to

synthesize a number of symhulic mediations into a

performance _demanding . the _monitoring. of a

complex physical activity involving motion.

Qualitative Proprioceptive _ Sinistral a
predominance . of lefteyed, qutfhahdod lm:l
person) while synthes:zing a number.of symbolic
mediations _into performance  demanding

momtonragﬁof}” oomplex 1ask {e.g., playing a
Qualitative Propnoceptivo Temporal — ability to
synthesize a number of symbolic mediations into a
performance: demanding the morutormg of a
complex physical activity mvolvmg timing.

Q-PTM)

cultural codes are defmed as:
Q(CEM) Qualitative Code Empethetic — sensitivity to the
feelings of ’o’ttiiri. ability to put yourself in

point of view:
Quulmtive Code Esthatlc - abulity to enjoy ths

surroundings or a well-tumed phrass are
a major

appreciaied by a person possessing a
-.strength in this area. )

Qualitative Code Ethic ~ commitment to a set of
values, a group of principles, obligations and/or
duties,

Qualitative Code Histrionic ~ ab:llty to exhibit »
deliberate behavior, or play a role to produce
some particular effect on other persons. This

QICET)
aicH)

type of person knows how to fulfill role

expeétatuons .

understand~ and to communicate by;
nondinguistic functions such as facial expressions
and motions of the body leg., smnlés and
gestures),

Qualitative Code Kinesthetic — ability to perform
motor skills, or effect muscular coordination

Q(CKH)

according t a recommended; or acceptable; form

{e.g., bowling acoordirig to form;.or golfingl.
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Qualitative Code Proxemics — ability to judge
the physical and social - distance -that_the other
person would permit, between oneself éiid that
other person.

6(&5) Qualitative CGdé Svnnoatiu - personal

7 / knowledg~ of oneself.

Qualitative Code Transact:onal — abnhty ©

maintain a positive Cbmmumcative interaction

which significantly influences the goals of the
persons involved in that mteractlan (eg.,

salesmanship).

Q(CTM) Qualitative Code Temporal — ability to respond

or behave according_to time expec;atloni

imposed on an activity by members in the

role-set associated with that activity.

Cultural Determmants

There

_are_ three cultural determmants of the meaning of

symbols: 1) individuality, 2) associates; and 3) family: it is

through these “determinants” that cuitural influences are

brought to bear by the individual on the meanings of symbols

F—Family |- Individual A — Kssociates

EBUGATIONAL cOC
SYMBOLIC _ ~ CULTURAL

'ORIENTATIONS ~ DETERMINANTS  INFERENCE.  MEMORY *

a0 Y (Y ()Y [

< QK X<

2
<
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Modalltié.'i of Inference

The forms of inference the individual uses in the process of
deriving meaning:

M. Magnitude — a form of “categorical reasoning’’ that
_utilizes norms or categorical classifications as the basis
‘for accepting or rejecting an advanced hypothesis:
Persons who need to_ define _things in order to
~ understand them reflect this modélltv
D Difference — This pattern suggests a tehdency t tg reason
in terms of ohe-to-one contrasts or comparisons of
selected- characteristics or measurements. Agtjg;ﬁoften
possass this modality as do creative writers and
, musicians. B :
R Relationship — this modality indicates the abliitx to
synthesizeé a number of dimensions or incidents .into &

unified meaning, or through analysis of a situation to
discover its component. parts. Psychuatr.sts frequently
employ the modslity of relatlonshlp in the process of
psyéhoanalvzmg a client.. a-

L Appmisal — is the modality of inference employed by an

individual who uses all three of the modalities noted
above (M, D, and R), giving aqual waight to each in_his

reasoning process. Individuals who employ this modalitv
tend to analyze, question, or, in effect, appraise that.
"which is under consideration in the process of drawing a
probability conclusion:

Deductive — indicates deductive reasomng or the form

b

of logical proof used in geometrv or. that employed n

syllogistic reasoning. .

NITIVE STYLE MAP ; ~

-

MODALITIES OF

)

- | ' Presently
Being

Developed
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_ By utilizing the techniques of observation, interview, and
on the elements of each of thé three major components of educational
cognitive style to form & profile, or “cognitive style map" of the
Aindividual student, These elements may appear as major orlentations

(1f the element scare occurs in the 50th-90th percentils of a dis-

tribution of scores for that element), minor orientaticns, dencted _
by a prime (if the elemgnt score occurs in-the 26th-49th percentils),

cr negligible orientations (if the element score is at or below the
25th percentile)s | o

; The testing procedure used to‘arrive at a cognitive style map
has received considerable discussion eélsewhere (Radike, 1973), and
consequently a further detalled treatment seems inappropriate. _
Suffice it to say that the dlagnosticlan may use any one, or all,

, of the three methods: (1) observation, (2) interview, and (3) pre-

ference testing,
. The mapping of cognitive styles is mainly

empirical in nature; and as such, 1s depend-
ent upon the judgments of persons (diag-
nosticians) ... The cognitive style of an
,indlvidual canfiot be empix¥ically mapped
without considering: (1) the level of
educationsl development of the person,

(2) the genexal symbolic conditions of
educational tasks he will be called upon
to accamplish; (3) certain antecedents

(esgs; family) to his present state of
development, and (¥) the appropriateness

conditions under which the educational tasks
must be completed. (H.1ll, 1970, Pe 7)

For those readers that ave imterested; Redike (1973) presents

valuable summary -of the process of empirical mapping.
. The educational cognitive style model is similar in é&iéiéﬁf!é&é.

to the Task-Process Integration Model (Uprichard et als; 1975) how-
ever; 1t is content-free and considerably more global in its approach
to student's learning style. Hducational cognitive style dlagnosing
can best be described as a combination of clasaroom and .clinical
procedures and 1s clearly! an ability training model although once

the learner diagnosis is complete a form of task-analysis 1s used.

in determining the symbolic orientation of instructlional resources,
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The Model for Diagnosing Msthematical Deficiencies——(MD)

L

There has been considerable research focusing on the traits of
“successful mathematics students (Shuert, 1970). The results, while
tending to be inconclusive, do suggest that several factors need to

.be glven greater attentlon than they may have been given in the pasts
A partial list of “"identified” tralts, summarlized from Shuert (1970),
1s found belows /Note that the tralts are.grouped; roughly,; as they

relate to symbolic orientatlons; cultural determinants, and modalities
of inference as found in educational cognitive style (Hill, 1974).7
The sliccesafil mathenatlcs student '
has high general and reflective intelligence

prefers objective; non-personal symbolism
is high in verbal ability and comprehension
is highly competitive . ‘
poSsesses authoritarian attitudes
tends to be insecure and semnsitive

tends to avoid soclal and interpersonal 1ssues

rates high on self-acceptance = ™ .
1s amxious.

1s concerned With “"abstract" beltefs
clings to comvictions -
rejects imposed standards of behavior
prefers to act individually

utilizes both analytical and intuitive processes

finds, organizes, ahd evaluates relations

has a facility for syllogistic reasoning ] e

The abundance of factors that must be considered in attempting to
provide each student with a successful mathematics experience point
o the need for a couprehensive dlagnostic model at the clinical

o < ’

"+ Soms of the questions which must be sttanded to in the develop-

ment of such s model include: (1) what general information should
be sought, (2) What mathematics content should be -considered; (3)

what sequence of concepts should be used; (4) what levels of

abstraction should be checked; (5) what sensory inputs should be ]

examined; (6) what consideration should be given to affective aspects,
what consideration should be given to psycho-motor aspects, and

7 .
%83 what type of preéscriptions should be avallable, These, and other

related questions, form the focusing point for the development of the

(MD)2 clinical diagnostic model--A Model for Diagnosing Mathematical
Deficlencles. ‘ : ‘ .

T O
one TRRE

.
'
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The mod;ei; 18 a three-fold modei: of d:!;agnos:ts in that tha profile
generated for an individual includes data relative to-that indivi- -

dual's unique mathematicail; deficiencles, '"mathematics style," and -

educational cognitive styles This information is gathered and utilized .

during the course of an intensjive, ana]ysis of _a student using .case
study techniques. The nine step process involves: (1) collection

o,,

with "mathematics style" dlagnosis, (3) educational cognitive style .

diagnosis, (4) analysis of dats from steps 1, 2, and 3 into a diagnos-
tic profile, (5) mapping of resources, -(6) prescription, (7) implementa-

tion, (8) evaﬂ:uatton, a;nd;, ir nacessa::y (9) feedback into ‘the diagnbstic

stems
---;-—:ﬁ:o:uection 254 Analysls of Ehtry mfoma:tidn] :
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The fizst step. the collection and a:naiysis of entry :l.nfoma;tion.

is designed to provide genaral background data concerning the student.

Some factors which are included here are parental information, school
Trecords, behavior patterns, interests, and anecdotal information such
as_expressive ability,; motivatlon,; self-confidence;, a.ttentiveness. and

attitude toward mathematics. Every effort should be made to_secuxre

reliable data fram the student's classroom teacher, school officials, ’

and parents. However, the diasgnostician should also engage in the

observation of the student with an eye not only toward the analysis.
of mathematical abilitles but also toward those bebaylors reflecting

the child‘'s physical, psycho:'togicai, affective, and social ur:l;enta-

tionss Through an initial interview, as well as other means, the
dia.gnostician _should seek to.identify such factors as interest,
cooperative effort, persistence; flexibility, and adjustment to

- interview situations. The analysis of the student's reaction to
successes, fallures, poslitive reinforcement and negative reinforce~
menit may aiso ;ﬂ:dvd.d' vide élués to mdérlying ng content deficlencles.

Referral to the (}m) ’ model .'unplies that the instigator of the

referral has identified some ganera:l mathematics content deficiencles .

or that the instigator simply wants some particular content area .

diagnoseds _These general content areas must be defined and recorded.
before the (KD)Z model can be implementeds One aspect of this
defining process is the interviewing of teachars and parents focus-
ing on their interpretation of what content should be dlagnosed.
This should then be followed up by an analysis of the student's

standardized test results: If no such results are avallable the

diagnostician may request or conduct & standardized diagnostic test

such as the Buswell~Jjohn Diagnostic Test,\KeyMath, or the Stanford’

Bia.gnostic Tést. This collection of data on the student's content

provides the means - for detemj.ning #here to begin in step twe,

) Prior to step tﬁo, t;he stu.dent's sﬂ:ndard.i.zed test réﬁults are
further analyzed in- order to form a profile of genertlized mathe-

matics deficiencles which is keyed to the Kent State University
Mathematics Checklist (1975) in an attempt to tracket these defi-

ciencles with specific content statements; For example, it may be
known that the student has some sort of difficulty with addition .

. involving regrouping. The clinician then translates this information

into the relative sectlons of the Checklist, e.g., place value and-
a.dd.ition, and selécts appropriats entries which elaborate on the |
general difficulties, e.g., renaming numerals in several different

ways, naming the sum of a two-place. whole number and a one-place. , « .~

‘Whole number/wft/h single regrouping (ones to tens), and naming the

 sum of/a three-place whole number and a two-place whole number with
two regroupingss Thus, the. purpose at this point is to tentatively
identify those elements of thp mathematlics checkllst which will be

Favsl
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used in step two of the model, (It should be noted that the XSU

Checklist is a 30 page comprehensive checklist of mathematical

concepts for grades K-8,)

Step two represents ofie of the most m:it:tcai: components of the

(MD)? model for it is at this stage that the specific mathematics
deficlencles are isolateds  This isoclatlon process occurs through
oral interview of the student centering on questions designed to
translate checklist entrles into specific taszks at the -concrete, -
representa:tive, and abstract levels,

In con:)unc‘bton with the identifica;tion of speciﬂ.c mathematics

deficlencles, the clinician identifies the student's "zathematics

styles" This refers to the observation of the student's utilization

of what are- referred to as "response modes" and "response foma:bs"
in reaction to various "presentation formats," ' S

The (MD)? modsl utllizes the following opera.tiona.l deflniitions
for "presente:-bion foma:ts" and: "response modes and fome.ts.

Presentativn formats can be identified as the followingl

Auditory (A)s those questions which are posed solely through oral

means:; The student is asked to respond to that which is heards

Visual (V)s those questions which are posed solely through visual
___means, The student is asked to respond to that which is seens
Auditory=visual (A-V): those cuestions which are posed through both
oral and visual means. The student is asked to respond to that |

Forcei Responses the student must use - g.tven ‘response mods,.

Open Responses the student may select a response mode. ;
Generatives those questions which call for the stydent to generate \\

the correct response, -
Non-generatives  those questions which call for the stuﬂant €0 ‘select
-the correct response from & glven set of responses.

_ Response Ebma:bs and Modes can be id.entified. as the followingc
Oral Concrete (0C)s the student responds to & given question by
describing the situation in terms of concrete objects.

orally
orai Representative (OR)s the student responds to a glven question

by orally describing the situation in terms of-a mod;eI or N
_ pictorial representation of concrete objectss '
aral Abstract (OAb):s the student responds P a given question by
describing the situation in terms of abstract symbols,
Graphic Concrete (Gc)s the student responds to a glven question by
describing, in gr:aphic form, the eitua:tion in terms of concrete

obJjects.

i

Graphic Represen'ba;td:ve (GH): the student respond:s to a gtven ques-

tion by describing, in graphic form, the situation in terms of -

a modei; ar picioril;afl; representétion of concrete objects,
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Graphic Abstract (GAb)s the student responds to a given question
by describing, in graphlic.form, the situation in tems of

___ abstract symbols.

Manipulative Concrete (MC): the student responds to a given gques-
tion by manipulating concr:ete objects to describe the situation,

"_7597@3@97@9&193 which involve combinations of

' " response modes; These ares , ’

crete (0-GC): the student responds to a given
”””” e sc:r:ib&ng, both orally and in gra.phic form, the -

~__ situation in a ms of concreté objects. .-

Qral-Graphic Representative (O-GR): the student responds toa -

glven question by describing, both orally and in graphic form,
the situation in terms of a mbdal or pictorial representatio ns

of concrete objects.

Oral-Graphic Abstract (0O-GAb): the student responds to a given

question by describing, both orally and in graphic fom, +the

situation in terms of abstract symbolss

Oral-Manipulative Concrete (0-MC): the student’ responds o & glven
question by describing, both orally and by manipulation, the
situation. in terms of concrete objects.

Graphic-Manipulative Concrete (G-MC): the student responds to a
given question by describing, both in graphic form and by .

manipulation, the situation in terms of concrete objects.

Oral-Graphic-Manipulative Concrete (0-G-MC): ‘the student responds ‘

° to a given question by describing, in aral a.nd; graphic form
and by manipuiation, -Ehe situation in terms of concrete o'bdects.
Graphically, the (HD) mathéiiiatics style mode]t\ie shown belows

~ Presentatlon K-!/ ﬁ,l / D B "Mathematics Style"

- Formats v \ Model for (MD)2.
Ar/ / / ;7 ;f X
&b _ \
s R /LA
A \
g8 \
g2 .
2 C :
5 ¢ 0-G K oM GN OGH

Response Formats
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The previoue plate g:ra.phically represents the mathematics style
component of the. (HD)z model. Note that in a diaghnostic sesalon,
the tralned clinician will use subjective judgment in the selection
of which cells to d:l.agnose. For a given checklist. entr:{ certaln

selective basis, Thus, for a given checklist entry the d:ta@estictan

may ask questlions based on from one. to, say, four cells of the models
As the content dlagnosis progresses the cliinician needs to

record, in some detail, the events which are (or may be) relevant
to id;ent:l;fy'h:g the student’s deficienciess: The figure below _

represents one method of ‘recording the presentation format and
response mode and format for each major guestion. It should be

" noted that the figure has been reduced in size,

5
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Cells are filled with either Ab, R, or C
followed by a numeral j.nd.i.ca.t:!.ng the o:r:der
" in which the queetion was asked. .

_ Glea;]y, t‘ne information recorded on this fom is .1.1rvalua.'b1e
for profiling a student’s mathematics style. Tt does not, however,

provide information relative to specific guestiune asked nor does

i1t make record of any extrandous factors which may affect student

response, ‘The Interview Record sheet indicates that the clinician
should record the number of the question being asked. Since all -

of the questions cannot be determined in advance—-they will depend
on student responses to previcus gquestions--soms method of record--
ing questions 1s needed. For this reason it 18 e‘lnfong]ar -suggested -

that the interview be audio-taped and, if possible, video=taped.

This will allow the ollniciﬁn to reconstruct the session for purposes.:

of further ’b.aala"”’ ysls.

- Vhen step two of the (HD)? modsl 18 camplsted the climtctan
should ha.vei & relatively clear picture of the student’s mathematical
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) st:r:engths a;nd; weaknesses as well as an un&ecr:standing of the student's

"mathematics style;" Consequently; it would be possible to terminate

the dlagnosis at this point and pa:esc:c:!.be corrective teaching based
on these findings. However, the (MD)2 model has an additiopal com~
ponent which enhances the possibility for successfil prescriptions—-
the dlagnosis 6f general educatlonal cognlitive style.

Step three, the educational cognitive stgle component of the (MD)

model, is based on an abhreviated version of the model proposed by

the American Bducational Science Associations The cilinician should

gather_ cognitﬂ:ve styi;e data through observat:ton ami interview whenever

solely or 1n conﬂunctd.on with the other two method.s.

*  Following the observa.td.on, interview. and ;meference testing
of the irdividusl to gather data on educaticnal cogn.‘l.td.ve style the
clinician is prepared to initiate step four of the (MD)2 model. .

This step represents the stage during which the data collected in

steps one, two, and three is analyzed into a student dlagnostic
profile; This profile includes data pertaining to: (1) general .
information reflecting studsnt background, (2) the_ stu&ent's specific
mathematics deficlencles and mathematics style,; and (3) the student’s
educational cognitive style. The clinician's task 1s to plece to-_

- gether this information to form a profile rep:esenting the d.ia@osis

of the individual, = | o e
One aspect of staga four ts the search fcr con;s:!;stency between

the student’s mathematics style and educational cognitive Efyj;ggfjf .

given student may, during the content dlagnosis, exhibit a \tend;ency

to react positively to questions presented in a visual® foma.t but.

. negatively to those with an auditory format. IFf this same student's

educational cognitive -style map indicates & minor or negligible

T(VL), N(VQ), or' V) element then the diagnosis may be incomplete—--
at the least, it must be reviewed for errors. If, on the other hand, .

the findings from the mathematlics style diagnosis and the findings

from the educational cognitive style dlagnosis match then the clinician

can be reasonably certain that steps two and. -bh:ree of the (rm)z model

were successful, , .
. An additicnal eiemeni-, of conslstency can beé checked at this'
stage of the dlagnostic process, It is g’o’ééible to. descxrlbe a - -

cognitive style map which indicates the abllity to deal with mathe-
matics presented at the concrete, representative; and absiract levels,

Using the information provided 'by such maps the cliniclan is able to

determine whether an individual’s inability to successfully deal with
mathematics presented at a. paz.'t.‘l;ct&a.r level of abstraction is ca.used; :

of e:@erience with a _glven level of a'bstr:action. That 138 to say, 5.f__
an individual's nap mdicates the presence of those components

= \
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a.spect of the content. iiiagnosis suggests that the student has aif-
ficulty d.esm:ib.‘l.ng or completing exercises at this level then, perhaps -
the student has not had sufficlent experiences with concrete models,
The concept of division serves as an excellent example of the impor-
tance of this step of the analysis done by the cliniclan, Consider

a student that can complete the division algorithm but cannoct use

counters to illustrate the process,s Is it because the student is .

incapable of modeling (bacause of a lack of cognitive style components).
or 1s 1t because the student has never had to model the ocperation and
therefore lacks understanding and experience? ' The question pdééé
interesting problems in designing corrective fu':ocedures.

~ Step five of the (141))2 nodel represents the fﬂ.'r:st step in the
Diagnosis based on cognitive

style constructs will be of little value if prescribed activities

do not provide a high probabllity of student success. . Thecefore,

the diagnostician must not only dlagnose the student; bu‘- also ‘those
tasks which may be used in- subsequent instruction (111, 197%). Iu
this manner cognitive style diagnosis not only provides far the = -

* ldentification of the unique structures each individual trings to a

learning situation, but 1t also allows for the translation of this

,uniq»ueness into proposed programs of instructlon (Radike, 1973).

In 1 step flve, the clinician maps the instructional resources—-

the purpose being to determine the cognitive style conditions of

those aspects of the educational enviromment which may be used for
corrective teaching: Included in this category, and therefore_ subject
to mapping; are persons (those individual's that may play a role in -
the subsequent teachling of the child, e.g., teacher, tutor, lilrarian,
and counselar), processes (those activities which may be used in
subsequent teaching, e.g., methods of instruction), and properties
(materials used in subsequent teaching, e.g8., audlo-tapes, films, ~
books; worksheets, and manipulatives), Generally speaking, diagnosis

of properties provides data for the matching of symbolic oxientations,

diagnosis of processes provides data for matching modalities of _
inference, and diagnosis of persons provides data for matching cul- -
tural determinants. It should be noted, however, that these three
components_of cognit:l.ve style must be consldered as inﬁepara.ble and
consequently need to be viewed. as. a tota.li‘by. .

The mapping process at thls stage 1s the same as it was far

step three. The clinician must map the instructional resources’ in

the same manner as mapping the student who will come into contact
with these resourcess That is, the symbolic conditions of elements
of the instructional process are.determined so that individuals can
be matched to’'these for prescriptive purposes, As an_example, assume

‘a possible corrective teaching technlique involves having the child

work with a peer. on the Ena:l.ysis of word problems according to certain .
“I,

g | 47
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g;gygxggtgg];jrocedures—a f:txed; step-by~step. apgroach. 'The clinician
mappj;ng such a task may -arrive at the foi;i:owi;ng cond:i.tion of this

For the child whose map 18 shown 'below th:l.s may not be a valuable
experlence. - :

| That 1s, the interface between the conditions of the task and the

cognitive style of the -student do not su:ffic:tenti:.v match.

It should be noted that, thecretically at %9581?1 BEP,?:I-%
may oni:y ‘have to be comp:'l:eted; onces If the cil:j:nician, or the

students. '.lherefm, a goa.l of the c.'u.n:ld.a.n should be. the compila-
tion of resource maps for qu.i.ck reference in future §1tuztion§;

Step s:!.x of the (@)2 model involves the preparation of pre-

scriptions and; of course, these prescriptions are based on the

information gleaned from steps one through fives Cognlzance of
individual differences is no less critical at this .stage than it
is at any other stage of the (MD)2 ~~del. The pm:pose —of the_

prescription is to relate the indlv. ~1's unigue (MD) ' profile

greatest mrobabllity of success. Some possibls. Egg;miptive routes

based on cognltive style diagnosis of both individuals a:nd; educa-

tional tasks are presented in the foﬁ:o!d:ng tabi:a.

Rl

R 9
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The format of the prescription may vary but there are certain

characteristics which each prescription should include. Oue cxriteria
is comprehensiveness. The prescription should includs a synopsis

of all data obtained in steps one through five organized and pre~

sented in a manner which clearly donveys the cliniclaus apalysis and

interpretation of the data, Any formal and/or informal tests which
were administered during the course of the dlagnosis should be

described along with student reactlions to tiese tests, Rach major
component of the (MD)2'model, i.e., content diagnosis, nathematics

style, and educational cognitive style, must be discussed in great
detall, ‘Bach component could be menticned in isolation, however,
because of their interrelatedness; a concurrent discussion designed
at weaving the three into ome overall picture is preferred. Separats
discussions of the components does,; however, have ‘the advantage of -

providing the teacher with a clear-cut picturé of eachs. 4lso, .
because of the strong relationship betWean mathematics style and

educational cognitive style it may be desirable to present a cogent
discussion of these two components and a separate discussion of ’

specific content deficiencles, - Nevertheless,  this should still be -

followed by a synthesis of all three as a hedge ageinst thie teacher

\\ basing corrective teaching on the content diagnosis aloue, The

"\teacher must not overlock the prescriptive bemefits gained fram the

nodel’s ability to diagnose the student's capabilities in the areas

of symbolic orientations, modalities of inference, and large group,

small group, and independent study. . |

_ 'one final point on prescription deserves-=indesd demands=- -
attentlion Any dlagnosis will indicate to the cliniclan certain
str angtg’"’ s ertain

and weaimesses Which will necessarily affect the desien

of corrective teaching procedures-~the questicn is "How"? The
~ clinicdan lbga' tWo alternatives to pursue, =
_____On the one hand, a prescription can be written which calls for
corrective teaching techniques designed to utilize strengths in both -
mathematics e and cognitive style to bulld skill ahd understand-
ing with those axeas identifled as comtent deficlencies, for the most
part ignoring style weaknesses in the instructional design, For ex-

ample, consider jhe student with the following over-simplified profile.

i

Contet Deflctensy . .
jaming fractions in simplest form
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"~ Undexr the above phllosophy of corrective teachlng this student may
be asked to sit alone at a listening station with audio tapes keyed
" to cards with appropriate nmumerals on them. These tapes describe
the prccess of renaming fractions in simplest form by way of using

concrete ‘objects and directs the child to model fractions using

culsenalre rods placed at the station, Iittle or no referencs

would be made to visually-oriented resources, e:g:; filmstrips,
nor would any concerted effort be made to have the student work with
peers or watch the teacher model same examples at the ‘boa.r&; '

The other a.lternat:!.ve position on corrective. teaching 18 to
utilize both stre hs and weaknesses in mathematics style. and - -
cognitive style in order to eliminate content deficlencies.. For

the example just given the prescription would include such activi-

. ties as peer assistance, visual alds, %eacher d;emons*t:rat‘l;cn, etc.

The rationale far using style weakmesses is t.’nat through use they

mdy develop into é’a:eng-ths

On the surface 1t seems as though the second altermative. woul& '
be most beneflcial, In' ‘fact, in most instances it would be the . | ~
most probable route for eliminating deficiencies. After all, it‘ “
does provide the student with a geater variety of opportunities j _
.to identify errors and misconcepti « However, this does not mea.n'

that this philosophy of corrective teaching will work best for all,

. Those §tudents with serious content deficiencles may became even : =

more confused by heving to deal with two deficiencles at once, namely,
content def:l;c:!;encies and style deficienci;es. - |

i

To smnmar:l.ze, presc:r:iptions ca.lling forr corrective. 'beach.‘l.ng

demand careful considevation. At the risk of over-simplifying, : P
students with major content deficiencies should receive corrective s

instruction designed to utilize their-style stremgths to Jallevia'l';e

these_deficlencies; while students with minor content d:efictmcfes

should receive corrective instruction designed to- u'bﬁ:ize their
style strengths and weaimesses to alleviate their deficiencless
The determination of what are major or minor content. d;eficiencie
should be based on analysis of test results and the sub, ectd.ve /E
judgment ofatra.ined cli.n:l.cia.n ) o o

/

Step seven of the (M?D)2 model, .tmplementition, refers to 1

means of incorporating the . results of 'the eatire diagncsﬂc prccess

into the instructional program. This is'not to be .confused with -

theactofcmectiveteacmmgwhichisnotaparbofthemodei'_; ' P
since it is an activity carried out by the classroom: s  The ' .
implementation of the (MD)2 model refers to the manner T :
the diagnosis 1s transmitted to the.teacher. The veh _
accomplishing this step is 'the_ clinicia.n—'bea.cher conference, The

prescription report diec\gééé’d in step six may simyl.v be delivered

to the teacher fdr cansideration, however, 11: is Btr]engly suggested

H
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that a conference be arranged so {-.hat the possibilities of misinter-
pretation are lessened prior to the initiation of corrective teaching
procedures, When both parties have colie to a.consensus concer :
‘the findings of the dlagnosis and the purpose and ratiocnale of the
prescription the tedacher may then determine the manner in which
instruction uill take place. _ ,

Evaﬂ;ua;tion, §1}§p}ght, is basad; prhna:r.‘ﬂy on tea;cher-tnput

aftexr corrective teaching has begun, once again through clinician~

teacher conferencess The ‘teacher input should be founded on observa~
tions and test results: 4n additional aspect of the. evaluation step
is observation,; by the clinlcian;, of the chlld at werk in the class~ '
TOOMs Gbserva.ﬂ.on by both the clinician and the teacher is designed
to dllow for a "comparing of notes" (which may assist the development
of greater interrater reliability for later referals) and to form a
connon base of knowledge concerning the studsnt’s status to msm

the success of the ‘clinician-teacher cbnfarencé. ,

' Feed;back into the diagnosttc sys-bem, step n;ine, nay be the

- result of step eight; the clinician-teacher conference: The re-entry
step will vary for 1nd.1;v5;&ua.1 students. For same 1t may be necessary
to begin the entire diagnostic process. anew, : Epr others, re-entxy
may take place at elther step two (content diagnosis incorporating _
nathematics style), step three (educational cognitive style dlagnasis),_
‘step four (analysis of steps one, tWo,. or tlrree), or step six (pre- .
scription writing) oY

' 7?}!15, ﬂg Eggnosﬁ;c process has traveled ftﬂ;il; c.‘::cc;‘l:e. Ir
carried out properly there should be a wealth of information avail-
able concerning not only what the student dces and dces not know
but also concerning the manner in which the student does and does
not take on meaning., The real value, however, is not in simply .
having this information but in using’it. A carefully planned . -
follow=up program of corrective teaching is critica:t to the success
of any diagnostic. Aventm:e. .

Conci;lmm sion and "‘77,7;* ons_for Ftn'the:e Study \.\..

37 wa.\y of conclusion if. ‘seems a.ppu:opria.te to: review Some of
the more pertinent aspects of ths model. First, it is essential
that the reader understand the clinical nature of the models It
is designed to describe a possible diagnostic process which can be
carried out by a tra:inéd cliniclan--it nay have some value in '

clagsroom disgnosis tut this fs not the intended targets Second; \\

.1t is important to note that this model is not intended to be used:
only with those students that have severe mathematics difficulties.
The mathematics style and - ‘educational cognltive style components

of the model make this model va.lua.ble fou:‘ the disgnosis of any




student of mathematicss Third; ual diagnosi
-individual®s mathematics style it\is not intended that 211 thirty-
nine cells be testeds It is necessary for the cliniclan to use
subjective judgment afd select those cells which are mos® appe

for the task at hand. Fourth, the (MD)? model, when implemented,
does not describe a diaghnostic test From _which one teachess;_ ‘'There.
must be intermedlate steps between th édmin:l.étr:étion of this model

and the actual instructional process. \ -

The Model far ﬂta.gnosing)jaﬁﬁ;gggji cal Beftciencies is presented
as one conceptualization of the manner in which diagnosis could
proceed,; The evidence on_interrelati 8 among the abundance
of factors affecting development suggests\that each student
- to each’learning situation a differential \combination of ‘unique
capabilities and abllitiss, each at a cular stage of develop-
ament., Diagnosis, then,' should strive to describe:these capabilities
and abilitles and the factors which affect them, Its ultimata -

purpose is to facilitate the construction of individusliz

'bhe a.ctua:‘t diagnosis of an e ‘

: pre~
scriptions for uniquely organized persans, 'me (MD)2 maie represents

one attednptto reach this goals
_The purpose of th:l.s -paper was. fo d;evei:op a;mi d;esar:\;be a ca;!;ntcaﬂ;

model for dlagnosing matbematlcal deficiencies which incorporates N
cognitive, affectlive, and psychomotor aspects of educational cognitive .
style. ’Ihis ‘model 1s designed in such a way as to reflect conslstency

with the View that the task of diagnosis is to describe a pmonauty

‘

as w§3:'|; as a person’s subject matter def:l.c:l.encies. o ‘
It is important to note that the purpose -of this paper H'a:s not' .

to describ pu':ocesses through which the diagnostic model could be

lementeds Indeed, application concerns are mot (mor. sﬁhgg;d;jggy
be:s fa.ctors in the ‘design stage. of model development, . Hypothesiz~-
:Lng' on- possible application difficultles prior to the deve};opmen‘b :
of a model may cause undue 2 triabiona and limitations to fofm -
rt:he mind of the designer ; Gomments relevant to this gaint can

ound throughout the ture. Fbr emple,

found; ttmoughout 'bhe
A baq,tc :I;nnova;tive d;es:!sn may weii be 'uaeieés'

in the ‘sense /that 1t has little or no applica-

tion_ immedia'bely to schools as educgtional
institutions.... Concern for the inmediate ' N
applicability of the findings. can distract the . ..
researcher, narrow his efforts and hasten him

to un] us-biﬁed conclusions. (Br.lckell, 1961, ‘

Pe. 82 ,
- Thus, Brj;ckeiﬂ; described three distinsutshabﬂ;s pha;sas o:E

innovation: design; evaluation; and demonstration; and their ideal -

settings which a.re, reapectivelys i‘reedom. éBii%f&i, and normelity.

»
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] Werner (1%8), in commenting on Brickell!l s notion of three .
phases of innmtion; sta.ted. ) ,

A

D6515n ef:t‘orts ca‘.nnot be cenducted;

settings because experimental controls of\the

type needed for adequate evaluation are Testric-

‘tive by their very natures These restrictipns

reduce the freedam to explore for samething \ |
-betters The ¢ ; unenriched setting needsd .
for the. demonetra.tion of a proven .’mnwation 18

the setting\least likely to generate »new designe

The observer of a demonstration needs to see the

demonstratlion. of the innovation as part of the \\'

normal, ongoing program in a school like his own

For these reasons, therefore; the circumstances -

needed for the design of an immovation cannot be \
reconciled with those needed for proper evalua- '\

+ion and demonstration_of the .tnnava.tion.
. (Werner; 1968; pp. 89-90) ‘

A similar concern was expressed by H.I.lson (1973) in a paper eeij:tng

for more efforts in gensratlve: resee:rch-epeciﬁcaﬁy sclinical inter- |

vention research, Cilting the unfortunate tendency to evaluate. the

results. of generative research on. the basis of criteria designed

for confirmative experimental Tresearch, Wilson noued that "clinical

intervention is either not recognized as resea:::ch or is depreclated

as research, and in some circles even deprecated as research" (Wilson,
1973; pps 1-2)s - ,

|
_____As previously mentloned, mselhardt f(lﬁ?&),bag commented on the °-
difficiilties erncountered in experimental’/resesxrch without the benefit

FoFTEy TSITETTTERETS YT, E

-of a thearetical mudel. Thus. the si :l;cance of this paper lles_ in

its \purpose, that is, it is the d;eVeStopment of a theoretical model,_

and = description of its accompanying instrumentation, for clinically
diagrosing mathematical d;eﬁ;ciencd;eta\and its relation to the teaching

and to the learning of mathematics.

'Ihus, at the risk of "de;j’rec:!.a.ti n" or "d.egrecztion “ the present
paper i1s best described as-a generative\effort (to describe a diag-

. Hostic fiodel for clinical use in iden ing an individual’s unique

nathematics deficlencies. It should be recognized as a first atiempt
“which has, at this point, only been administered on a limited basis,
W, and- only now, 1 \and, possibly a.da.pted, .

Now,- and- only now, it needs to be examined,

for use in dﬂ;ssnosttc-preecm:ptive settings. 7
Because thls study is not based on stat;s’ical analysis coh-

ci;us:tons similar to those found in experimentaﬁly-oﬂriented studies

cannot be stated., Consequently, this sectim is \deveid; of any

attefipt to state inferences but iusteazi fecusas on areas. of further

study and needed reseaz'ch. : / \\ . i
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The design process used :Ln. the d;evelopment of the (MB) mod:ei:
suggests the following areas of needed research and developments

1. The (MD) model suggests a hierarchical checklist fo:r: use
;pig.ej;eggipingfajs ent's content deficlencles.: This
hierarchy is based on expert judgment but perhaps other

means of hierarchy vfﬂidztten such as Gut'l'.mam analysis
should 'be attempted;

2. The (MD) ‘model suggests the use of a staﬁda.g%ed; diagnos-
tic test to obtain jentxy level information on the child's
content deficlericies, Does a standardized diagnos

test provide suﬁ‘icient data for traiisferring general
difficulty areas .Lnto the checklist? -

14

3; e (MD)° model suggests instrumentation to be used in

conjunction with /a checklist for diagnosing a student’s

mathematical sty;te. A next step would be the d;eveiepment

of a. ba.ttery of iteans for each entry in the checklist, -

i

j(a) Should the development of this battery begin with
one or two concept clusters or should the entire .
. -checklist be subject to item development? (This

question becomes critical when one reallzes that _

L the checklist 1s not sequenced across concepts.) &

(‘b’)'\ How many itams are needed for .each entry of the
, checklist? (It is necessary to consider the pos-
T ‘\ sibie presentation and response farmats for an
: ind.l.v.tdual entry befors this question can be
.answered. ) _

’ ‘cern:l;ng the : internal strugture of the .ttem

ery, ﬂsheuid; the questions be opan or forced

Generative or nci~generative response?

¢ . fquld tﬁere be a- m:!;xt'are of these response types"" '

The (MD)” model, while not so ccmpligated that it can't be
implemented, does require a certain amount of expertise.

What procedures must be developed for training ma;thematies

cﬁnmhmén-ﬂmtﬁé&fﬁﬁ(mﬂzmﬂﬁﬁrﬁmtmhmg

: . classroom teachers in its use? In*What ways can ccn;pute:r:
\ capabilitias be used to simplify the data collection and
!/ record keeping a.spects of the (HD) mod.el" ,

1

s »i\ o 56\*J
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2; The (Mﬁ) model is designed for use in a.mathematics_ clinicl
Er at least in a program with clinical procedures. Severdl'
/ uthors have suggested that the adaptation of clinical
?ractices to classroam technigques is beneficial (Buswell,
935; Callahan, 1973; Denmark, 1974)., What adaptation is

necessary befare (MD)? can be useéd in classroam diagnosis?
3+ The educational cognitive style componexrt of the (Mﬂ)z model

has been successfully used at the upper elementary; secondary;

and college levels: The (MD)2 model itself is designed for
use _at any level of mathematics instruction; however the -
vehicle used to describe the model is elementary school - .
mathematics, What changes, Af any, are needed in -the model .
design before it can be mplemented at the secondary. and

post-secondary levels?

4; It has been suggested that longitudinal study is needed to
determine the usefulness of cognitive style dlagnosis
(Sternberg, 1975)s Thus, a long-range testing program may
need to be established before. the value of a model such as
(MD)2 can be fully evaluated. ‘ .

" Assuminig that implementation attempts are successful,fgg:gtgigf
questions on the actual use of the (M]))B model need to be addressed.
These inciude: ™

1, The (MD)? model is d;esig:ned; to provide as individual profile

. of three major areas: content deficlencies,. mathematics
style, and educational cognitive style, Is there benefit
to be gained by ﬁ:a.ctiona.ting the \model and using on:Lv one
of the components? Anar two of the ’omponents’

2. The (MD)? diagnostic model assumes 137 t, among other methods;
a dyadic interview will be used to gather data. If a stu-
dent does not perform appropriately on a\dlagnostic instrument

" it may be d;ue to other factors aside from “the student not .

play in detex ng the success of the @tg;'v;eit?" J

there a "most effective" clinician cmi‘b:tve styie" '

3. The Qm)z model is designed to describe individuals frem .
a variety of perspectives: What are the individual dif- N~
. ference variables which might affect performance in the \\
diagnostic setting that have not been considered? How .
does use of the model affect children? Are cognitive
ostyles of individuals content specific?
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4; The (HB) model provides the opportunity to use dlagnosed
strengths and weaknesses in a varlety of ways: Does ,
remedlation based on using cognitive style strengths to_
el.un:!.na.te content deficiencies pa:mre to be more successful

attempts to alimina;te weaknesses “through use? .

The above repre sant questions generated from the d;erveitopment of

the Clinical Model :‘or Tlagnosing Mathematical Deflciencies--(MD)<2,

Since this paper 1s_concerned with only the design stage of model

done before 1mplementat;on. tl.‘l;l.s work now begins.
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Reaction Paper
to
A Clinical Model for Diagnosing Mathematical

Deficiencies Incorporating Educational Cognitive Style

Lelon R. Capps
University of Kansas

 This paper is brief for two reasons. First, the description of

the model is indeed complete and comprehensive. Second, much of the
information needed for revision and reaction can be forthcoming only
-.as_the model is implemented. The last six pages of the paper pre-
sented by Dr. Speer outline many of the unanswered questions concerning

the application of the model and deserve the careful attention of any-
one involved in using the model. L

One must note that the model relies heavily on subjective inter-

pretation of verbal description: Thus;-some specific training is.

necessary to gain consistency in descriptors of the behavior. Also;

in some instances there may be the possibility cf gathering similar

data with more objective checklists.

In attempting to describe educational cognitive style the search

must be for some patteri of consistency. It is on this component of

the model where the greatest care must be exercised in interpreting.

the information gathered in the process: To predict behavior of this

nature with consistency is indeed a difficuit task.

Whiie edncationai cognitive style is content free, it is not

culture free. Perhaps some future research should deal with the roie

of cultural background and its effect on cognitive style. Stodolsky
and Lesser (1967) suggest the nature of this relationship in their

studies.

In gathering information about content deficiencies, using the

standardized tests may be of only limited value: It should be viewed

only as a broad screening device. As indicated in the paper,; ome

fieeds a much more comprehensive set of descriptors _such_as those

included in the Kent State University Mathematics Checklist.

It should be. pointed out that current practice among educators

usually goes only through stép two of this model. It is step three of

this model that makes it intriguing and appealing to the researcher—

and teacher interested in diagnostic and p:escniptive-tesc ng.
__,,,i,——————’“‘””

P
) In stepffourjog;thefggdgiionefgondgrs if a learner will exhibit
’”the same profile across content areas and across diagnosticians. This

will need to be clearly demonstrated by careful collection of data

when the model is impiemented.
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. 1In. step six of the model, the diagnosticlans must not be misled
into thinking that there is one best prescription: In practice the
model will allow for a variation of prescription. Of basic interest

tion and the success of the prescription. The reactor suggests that

careful research shouid be conducted to study this reiationship.

A major concern in, implementing the preecription centers on who

does the prescripttva E: struction.i £ ‘the diagnostician does the

profile ag it re‘ates to the instructional process. For this reason;

transmitting the information to a class:oom teacher 18 a critical step

in the process and if not well done;, could result in very limited

success. Hopefully, the model will be of value to the classroom ' _
teacher even though it is a clinical model. Perhaps,; the model will

be of most value only if the classroom teacher can interpret the

results and implement the corrective instruction successfully.

In the end, the model also must be of value in identifying and,,,,
perhaps modifying the educational cognitive style of the teacher. That

is, Weakneéss in instructional strategies being employed by a teacher can

be identified and, 1if modified appropriately, there will be a reduction_

in the number of students with mathemzticai deficiencies in the teacher's
tlassges. -

In summary, the model presents an initiél and hopeful step in the
area of diagnosis and prescription. Dr. Speer has done a commendable
piece of work though there is much yet to be done. The miodel makes no
claime to be an instrument of aii &xact sciencé. To the contrary, it
is a map which shows the route to folliow but does not _guarantee the

condition of the road. The judgment of the user and the ability to

remain flexible no doubt will be two cruciai variables in determining
the condition of the road.

S
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Feedback in ﬁiegnostié Testing

Arizona State Universit?

In the testing situation, telling students whether or not their

answers are correct is commonly prohibited or. delsyed until students

‘have responded to all the items (e:g:., Anastasi, 1976; Cronbach, 1960)

Although it is _sometimes. suggested that testers insert perfunctory K
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comments like ''Good" or "Fine;" this is done only to encourage the

students by acknowledging effort; not to_indicate success on a par- ‘\

ticular item. - The primaiy rationale for\withholding such correctness ;
feedback is to "standardize" testing conditions, i.e.; to effectively "
control the ¥ariance attribiutable to all factors in the test situation )
except the fsctor being measured. Stuch control is usually established

by crestiug uniform testing conditions. In this way potentially con-

founding factors are either. eIiminsted, or their effect upon the vari~

ance is roughiy equalized for all subjects, hence, any differences among . 5

individuais' teat scores are the- rgsuit of differences in the factor

being measured. Thus; feedback o response correctness s thought to be 1{

controlled through a uniform system of non-feedback from—the—testerr———~m-——“--ﬁ-~
- y(u\
\
This writer s several yesrs inLdirecting a diagn?sticlprescriptive ) y
oning this procedure in' diagnostic
test situations; particularly-situations involving indiyiduslly admin-
istered tests.. During diagnostic testing in ‘the clinic, it has often

\

seemed obvious that some students made conclusions about whether or not

their answers were correct, even though no clues were given by the

testers. When testers did accidentally give feedbsck, students’ faciai,,,frz”’

- correctness

or a uniform éffect from_suchrfEEdgsck, then this procedure seems to
have failed..—In~ EE”absence of tester feedback, some, if not all; . i
__-—students seem to substitute their own idiosyncratic systems of feedback: -

Support for this observation can be found inm both theoreticsl

formulations and limited research findings. Ammons (1956), in reviesing

the research literature on knowledge of performance; proposed that there

is alxays some knowledge of performance avsiiable to the humsn performer,

doing well." Stated in other words, Annett (1969), indicated that when
extrinsic feedback such as accuracy scores is withheld, most aspects of
gome intrinsic feedbadk system remain intact. Smith and Smith (1966),

in applying this idea more to the ususl learning Scene, stated that as

an individual's body of knmowl=dge grows, the individual establishes ;

intrinsic standards of accuracy, logic and consistency agsinst which to

—56=
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monitor his respouses;. thus extrinsic signals likL "That 8 right'" or
‘"Correct!" may serve only to confirm the individual's intrinsic moni~:

toring. | / :

Several research studies have also suggeste students use of -

subjective feedback: Arps (1917; 1920); in a sgudy of individuals in a

\ finger weight 1ifting task, found that when experimenter feedback on
\perfofﬁaﬁce was_ discontinued; some performers reported imagining pen o
rks and the physical charact eristics of each lift to help maintaidi
their performance. Book and Norvelle (1922) sthdied children performing
sifiple tasks like writiug "a's" as rapldly as possible; when the chil- . /
dren were no longer given feedback oni thelr performdrce, many childreu \\\L
were reported to have develcped methods of judgiug how well they did. RS
When Ross (1927) found no difference in performance between college
students receiving quiz feedback and students mot receiving feédhicﬁ, he

reanalyzed the situation and f§ﬁnd the no—-feedback students guessed

their quiz scores quite well, presumabiy they received some SoOTt. of o -

subjective feedback. In a study of students confidence in judging
whether word\pairs were synonyms, antonyms or unrel ted, Adams andi,

ugge tive feedback system. -
y in which subjects were asﬂed to

s without 'receivi g feedback on their

egan fo demonstrate tucreasing seif-consistency .
aroun '"incorrect" iine length:. This sujgests the use of subjective

,,,///"feedback relative to some incrinsic standara, even though inconsistent
with the experimenter 8 standard

The primary reason students are. not to}d whether their diag ostic

. test responses are correct 1is to control any effect such feedback might
have on test results. It has been argued,’ Fowever, that when =u

corrective feedback is withhegg,mgtgdentq/ rely on subjective/ feed-

back. Therefore, instead of" providing a f6rm effect upon test score

variance, it is reasonable that t ere is/ a $quite uneven effect pdn test

r.-accuracy of the subjective
feedback systems employed and individuala' | personalities as: they relate.
to that feedback. 'I1f performance oa and, theretore, the accyra i\of
diagnostic tests is . influenced by any correctness feedback ¥ iick the

student receives, which is better——e hapha rd system of-- trinsic‘types'
- ),\]

score variance; depending upon ‘the nature.

The main purpose of this paper is tojreview and extend 5

_The m sting
. 1literature on:feedback as it relates to BHe testing situation, par-

ticularly individually administered. diqgnostic tests in mathematics. In

the paragraphs which follow; the existingxuiterature on feedback is .

- -restricted _to include only that research which i8 trelevant to diagnostic
testing. This research is then presented along with its implicatﬂons
for educational practice. Finally, areas \for further research are
identifiedfand a \wesearch study currently‘in progress 18 described.

}fi

\\
0
B




Ei@&tiﬁé,tﬁé Review -

_ Massive amounts of research involving; feedback have béen conducted

in the areas of programmed instruction; social reinforcement; test
administration, persistence or frustration theory, personality,. social

psychology, inceéntives; congruency and dissonance theories. Unfor-
tunately; not all of this research is relevant to the diagnostic testing

situation.« . A |
/ i

[N

The literature on feedback can be/divided according to the three |

types of feedback usually identified-/ knowledge of response (indication

- ey . T T |

f
!

of correct or incorrect), knowledge of correct response (statement of

the correct ‘response) and correctionai feedback (statement of correct /

response and reason for its correctness). Since only correctiincorrect
feedback is of concern in the diagnostic testing situation; this review
was confined to research Studies involving kmnowledge of response feed-/
back. In less current literature this is referred to as knowledge of/
performance. v ‘ . . f

A 1arge numbe. of studies have examined the effect of knowledge of

response feedback on subsequent task performance. Many of these, f

however, are not relevant to the diagnostic testing situation. .For /
example, Dweck and Bush (1976) examined the performance of fifth—graﬂe

students receiving "failure" feedback: In this study students were jtold

on each of four trials to complete 20 digit-letter substitution problems
in one minute; all students _were stopped after 15 problems and told they
hadn't done well. The results of this study indicated]that such feed-
back ied to some or no improvement in performance, but; not to a decre—

ment in performance. If findings on other studies were similar to; this,

one might conclude that telling a child he didn't do very well on

diagnostic test item either has no effect or increases performance, but

does not depress it! While this may be an appealing conclusion; one

‘major difficulty with the research exists; the task being performe& was

not similar to the academic tasks required in the usual diagnostic

tests, especiaiiy those in mAthematics.
A ' } ,
Like the study abova many knowledge of response,feedback st"ies

suffer .from this digficulty." As Means and Means (1971) pointed jo '

much of\this research 1s—limited-to_simple physical, verbal or ¢

putational tasks that ae not comparable to the complex demandsc

- academic’ testing situxtiﬂn. It is difficult to argue, for e

equitable\comparison between the .tasks on the Key Math biagnos,ic

Arithmetic Test (Commolly, Wachtman & Pritchett; 1971) and digit-

‘(Fremont, Means, 1970; Starn; 1972; Dweck & Bush; 1976); auditory
discrimination (Dahle & Duly; 1972; Vianello & Evans, 1968), pa
associate (Van de Riet; 1964) or button—pressing (Schmeck & Brunin

1970) tasks. This is important not; only because of the diffe ent cognitive

_breenbaum, 1963). .
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A similar difficulty in many knowledge of response feedback studies

has involved the use of multiple performances on a sifigle task rather
than performances on a variety of related tasks. In.other words; while
many feedback studies involve repeated performance of the samie tasks

(e.g.; digit-symbol substitution) and therefore the same cognitive

skill(s), academic testing Situations have ordinarily involved per-
formance on a variety of tasks reflecting several cognitive skills.

This 1s importanty beécause 'knowledge of response feedback may play an
instructional role when a nearly identical task is repeated directly
after feedback. Since academic tests, particularly diagnostic omes, are
usually arranged so that knowledge of rasponse feedback om one task
should provide 1ittle direct help in performing a subsequent .task,
knowledge of respomse feedback studies involving multiple petformances

on a single task are mot relevant to the diagiiostic testing situation: -

_In summary, then; the research reviewed in this paper.was limited
to the knowladge of response literature relevant to the diagnostic
testing situation; i.e.; studies involving a variety of educationally
relevant tasks. - - _

The Literature and Its Implications -~

R

A number of research studies involving feeavack have been: iden-
tified which are relevant to.the diagnostic testing situation. While

some of these have investigated knowledge of response feedback and its
effect on test performance; others have examined intra-personal factors
like anxiety as they relate to feedback and performance, )
____ The study of knowledge of response feedback as it relates to test
performance has been approachéd in two différert ways—-by exploring the

effect npon tes: performance of feedback on (a) prior test performance

and (b) >rior tast item performance.| In the first approach studies

examining the test performance effect of feedback on prior test per- '
- formance have generally been designed such thiat students are tested, ‘

randomly given sham feedback on their performance, and then tested .

again. In ome such study Bridgeman  (1974) examined the effect on a i

scholastic aptitude test of feedback onm # previously administered and i

.

obstensibly similar test. For one-third of the students; feedback S
consisted of a high score and the comment "Excellent! Your problem . ; . ;

 solving ability is among the best of all seventh-grade students;” for

another third a low score and the comment "Poor. Your problem solving

ability is among the worst of all seventh-grade students," and for the
labt third no comment. The results indicated that students given
positive feedback scored significantly higher than students given _

negative feedback; no-feedback students scored about .tlie.average of the

two feedback groups. Gordonm and Durea (1948);”im & similar study with

eighth-grade students, administered two.forms of the Stanford-Bimet ° L
Intelligerice Test. Between the tests students received several IQ-type S
test items. Some of the students rsceived no. feedback;. while others

were told they did poorly both on the between test items’ and at uniform

68
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intervals during the second test. The results showed that the negative- |
feedback stiidents scored significantly lower than the no-feedback.group. ;\\
Other similar. studies have generally . found that students who are praised }i‘

or reproved for their performance subsequentiy perform about the same or

better than students receiving no feedback (Benton, 1936; Blankenship &

Humes, 1938; Bornstein; 1968; Gates & Rissland, 1923; Gilchrist; 19163

Hurlock; 1924; Huriock 1925; Klugman, 1944, Schmidt, 194&, Tiber & . DL

Kennedy, 1964).

. Referriﬂg to studies 1ike these, Anastasi (1976) iﬁdicétéd‘tﬁét \\
;knowledge of response feedback which includes evaluative comments about

students' performance or ability has a motivational effect, perhaps
operating through the goals which subjects set for, themrelves 1in sub-
sequent performance. - It appears then thst such knowledge of response

feedbnck probably affects students' gubsequent test performance; how- -

ever; the direction in which that performancg is affected is not clear.

For teachers this suggests that feedback. whizg incindes evaluative
TI: iiity should be withheld

comments  about the students' performance or

before Eﬁd during test administrations, diagnostic or otherwise. _Finally;
since knowledge of response feedback may not have the motivational

nostic testing would influence test performance.

- It should be noted that in each of the studies cited above students
were randomly given sham knowledge of results feedback on their prior .

test performance. No doubt many students recetved feedback which was

contrary to their expected performance. ' What effect this discrepancy

. between students' expected and reported performance may have had on the

resuits of these studies is not c¢lear; however; one possible explanation

| :
!

Dnly three studies were identified which examined th effect upon
test performance of providing studénts with immediate iter =by-1item

knowledge of respense feedback. Unlike the previous studies, none of

¢ these used sham feedback; rather, che feegpack given students refiected

their actual performance. The eariiest of theése studies organ &

Morgan, 1935) identified three possibie effects of providing immediate

‘awareness of response correctmess: | (a) producing no appreciable mod-

ification of performance; (b) increasing effort, attention and_ critical
observation and thereby improving performance, and (c) depressing
performance through discoura ement.! In this study und raduste psy~
chology students were given a true-false test on "learning." Half of
the groiup ised a self—scoring answer'sheet and a scoring ldevice which

allowed immediate knowledge of correctness, the other alf used a

mimeographed form of the test with deiayed feedback: /In another study

Angell (1949) used a puuchboard device to provide immediate feedback to

undergraduate students for each item on mid-semester quizzes in chem- = )j

istry. Compared to a control group wiilch received delayed feedback; the

immediate-feedback group scored significantly hisher/on the course final

\ R
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examination: Unfprcunately; mo Compatative data was available on the |

. groups' quiz performance, and other intervening factors may have ac-

counted for the difference in examination performance. Finally, Beeson
€1971) used a punchboard device to. provide imimediate item-by-itemm
feedback during mid-semester quizzes and a final examination. The
sample consisted of three groups of students-—a university class in -

mathematics for elegentary teachers, a university class in remedial

mathematics, arnd 2 junior high school class igﬁggngrgiigatggy!tigg.
During each of the
randomly received

muitipie—choice it and deiayed feedbagk on the remainder, no st’ ent

en quizzes and one final examination; students

diate feedback after each item on ome-haif ot

; tests. Gare ‘was taken in designing the tests so that feedback on

between test perfo’” T«
ditions. There was & slight trend, how,’er, in favor of the inmediate
feedback test performanca. /

1 ‘ o
Based upon thase gpriclizs, it woulk appear that immadiate Etemrby-

item knowledge of response feedback dogs not depress (and may even
- improve) ‘student p%:form:nca on force"rohoicei frne-falae, rultiple- _

choice) academic tests. ' Furthermore, '

) whatever the reaso

tests do not usually involve forced-chaice. 1 lysions m
not be generalizable to the diagnost citegtingfgi[gatigg.iik ceiving )
knowledge of results feedback from a |person, rather than; an ersonai/,,;ia—f

. ' testing device, may cast even furthe ,ééixﬁi,@éﬁjéﬁéiiﬁi ig_these™

A number of studies have,exami’ed var1ous intrarperso 1 faétoré as

they igteract with knowledgefof results feedback and performance._ One

such intra personal factor that has beéen associated with est perfor-
mance is anxiety. Feldman and Sullivan z

Severai studies have investigated th" effect of fe“dback on anxiety

1 Goﬁ5n s Etﬁai, n’ found ﬁhat feedbacki;ndicating per ormance




'idiscrepancies seem to lead to poorer subsequent perfo?ﬁance, this may
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first correcL~:esponse on an intelligence test.. Finally, McMahom

(l973), in a stud& of the effects of feedback on test anxiety, found

that receivinv detailed knowledge of test results increased college

students' test anxiety:

" Tt would appear from these studies that knowledge of response

'in turn, impedes subsequent performance. However, only Cohen included

all three factors—anxiety, knowledge of response feedback and per-
formance—~~1a a single study, and that study only, suggests that feedback
discrepant with students' expected performance leads .to increased ) ’
anxiety and decreased subsequent performance. Although Cohen's study

involved feedback in ‘the form of scores rather than evaluative comments

like "excellent" or "poor," this feedback was from a previous test, not

item-by-item’ feedback on the same test.. .Therefore, the relationship’

between immediate item-by-item knowledge-of-results feedback; anxiety

and test Performance remains unclear.

In an earlier discussion it was noted that research p;ggegg;esi>;;
involving sham feedback on. previous test performance,inevi ably led to
discrepancies between students' expected feedback and that which was

reported. Since such discrepanciésfoccurred within groups receiving
sham positive feedba‘E’as well as negative feedback and since such

explain the lack of consistent findings in studies of feedback con-

taining evaluative comments:

——

. Further examination of the Cohen study suggests a possible\second
intra-personal factor-—expectation. Although this may only be another
way of looking at the effects of anxiety, it appears to have -ctential.
Bridgeman (1974) indicated that self-expectancy deserves more attention

from researchers, and Kulhavey (1976), in the context of inmstructionm,

stated that how students' expectations influence their use of feedback

iz 1 prime area for future research.

No other’ studies involving intra-peisonal factors were identified ,
which are relevant to the diagnostic testing situation. However,

with feedback and performanceion non-academic tasks. Ihese are pre-
sented to identif9 factors which nay hold pnbﬁise for future research..

One such intra-personal factor which has been examinedgin relation

to knowledge of results feedback and non~academic test perrormance is

self-concept. Using sham feedback on a test reflecting "semsitivity to
other people,'" Shrauger and Rosenberg (1970) studied the effects of

feedback on college students' subsequent performance on a digit-syﬁbol

task: Task performance following poor-semnsitivity-to-others feedback
was generally worse than performance following high=sen-itivity-to-
others feedback; however, this was foind to be mainly attributable to

the consistency of this feedback with studencs' level of self-esteem.

Specifically, Shrauger and Rosenberg found that high self-esteem students

\\ . - o %{I
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negative (poor-sensitivity) feedback. The performance of high self- oo

receiving positive feedback was unchanged., In a similar study, Stern

(1972) examined the effect of sham feedback on digit-symbol task per-

formance upon subsequent digit—syﬁbbl task perfarmance. Once again task -

performance following uegative feedback was generally worse than per-

formance followtng positive feadback. Unfortunately, Stern found the

reverse relationship betweer: self-concept and feedback; positive feed-

back more greatly affected low self-concept students; while negative

feedback more greatiy affacted high Self-concept students.

R

R

- As described . above; the . interaction between kiowledge of results ;
feedbacke’s’If-concept and performance was examined im only two iden-

'“tified stndies and their results cOnflicted. Therer re, it remains

lationship between zeedback and academic or non-academic test perfor-
marnce. -

_ The results of several studies have suggested other intra-personal

factors which may be helpful in explaining any interaction between

knowledge o, vcsponse feedback and non-academic performance. Researcb
in the asza of "locus of control" has indicated that when receiving
negative feedback from adults, girls tend to attribute failure to a lack

of ability (Dweck & Bush; 1976; Dweck & Reppucci, 1973; Nieholls, 1975)

and to show 'a decline 1in siubsequent perfbrmance (Dweck & Bush, 1976; _ .

" Dweck & Gillard, 1975; Maccoby, 1966; Nicholls, 1975; Veroff, 1969);

boys, on the coutrary, were shown to attribute faiiure to controllabile

factors like lack of-effort and to dispiay improved subsequent per- B

formance: In the area of introversion]extroversipn, Fremont; Means and

Means (1970) found introverts given negative feedback displayed sig-
nificantly more. anxiety than extroverts; which presumably woiuld lead to
a decline in subseqnent task performance.

“Based upon these stndies, one might conclude that Eﬁ&%iédié'&f

response feedback has a ¢ifferential effect on student task performance;

depending upon students' locus of control or ‘introversion/ extroversion. .

The locus of control research might even lead one to conclude that the

effect of feedback varies with the students' sex.. None of these studies

included academic tasks or immediate itemrby-item feedback. Therefore,
while such factors hold promise for future research, such coniclusions
may not be generalizable to the diagnostic testing situation.

Future Research o : ) )

 The exlsting research on knowledge of response feedback as it _

relates to the testing aituation, as presented in 'this paper, has Yed g

to three conclusions:

' .
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(b) immediate item-by-item knowledge Of response feedback L

does mnot depress (and may improve) student performance .
on forced-choice academic tests; and
(c) knowledge of response feedback on previous test performance
which;;g_discrepant with students' expected performance ——
. probably leads to increased anxiety and decreased subsequent
performance.

Conclusions with respect to diagnostic testing were Iacking

because of the general lack of :correspondence between the research

coniditions and the diagnostic testing situation. Aside from performance

on non-academic tasks, factors leading to this lack of correspondence . R

included knggiedggiofireaponseifeedback which included evaluat ve .
comments like "excellent" or "poor;" forced-choice academic test._

formats 1ike true-false or mnltiple—choice, and feedback provided

by a device rather than a person.

In light of the previous research (or, lack of it), there are three

areas of needed research. Stated in the form of questions, these are:

w lnetheedigggggticetestfﬁc situation; does immediate item—

= _of response feedback affect performance
on & diagnostic test?

Previous research has suggested that such-feedEack has little effect P

upon performance on forced-choice academic tests. To answer thils
question; further research needs to be cnnducted in which test items
are free-response and feedback is provided by the. tester, rather e

‘than by a; mechanical device.

-

aghﬁla, p_between'
immedi.te,item-bz:;tem knowledge of response Eeedback

and diaggostic test erformance?

not be a simple one; but is influenced by personal factors. Anxiety
appears to be a highly probable factor to help explain this relation-
ship. Other potential factors suggested in the literature 4ineclude

student expectations, self-concept, locus of control and introversion/
extroversion. , ¥

(3) In the diagnostic tes ‘ting situation; does students’® intrinsic,

' subjective knowledge of response_ feedback affect their

performance on a diagnostic test?

It was proposed earlier in this paper and supported by gome ‘research

that; in the absence of tester feedback, students substitute their

P ol o v~ . ¢

own 1diosyncratic systeis of feedback. However, with the possisle

exception of Russ (1927), 1o research was identified which dealt

with subjective feedback as it relates to performance on academic.

orﬁdiagnostic tests. Because of the total voia of research in this
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area, a serles of sub-questions needs to be answered: Wien the tester
withholds feedbéok during a diagnostic test; do stugents provide

th;s feedback?f Does 1t sffect d»%gnostig test performancez Does
this feedback interact with tester-provided feedback to affect

‘performance on a diagnostic test? The small amount of research on

the discrepancy between feedback and expected performance relates

to this last sub-question, suggesting the likely possibility of such
an interaction:

Based upon a. review of. the literature on feedback as it relates
to diagnostic testing, three major questions or areas of research .

were posed. To _help provide answers to.these questions, a research

study was recently conducted by the author.

The purposes of the study were (1) to determine if item-by-item

knowiedge of response feedback (induced self, ‘tester-provided, both)

affected students' performance on a diagnnstic mathematics test,

(2) to _explore the accuracy of students' intrinsic feedback as reflected

in their self-reported knowledge of response._feedback on a diagnostic

'mathematics tést, and (3) to examine the relatiomship between

students' performance expectations and performance on a diagnostic

-mathi-atics test. Organized by their appropriate general qu°s§;ons,

the null hypotheses of the study are formulated below

(1) Does item-by-item knowledge of response feedback affect

on a diagnostic mathematics test?
(a) No significant differences in dlagnostic mathematics test

scores will be observed between students recelving no
knowledge of respcnse feedback and students receiving
item-by-item (induced self, tester-provided, induced
self followed by tester—provided) knowledge of response
feedback.

In the diagnostic test situation, do student expectations influence

the effect item-by~item knowleégg of response feedback has upon

diagnostic test performan. performance?

(2)

(a) .Differences in the diagnostic ‘mathematics test performance
of students ekpecting high and low test performance will
not differ significantly between students receiving ‘ltem- .

J mathematics test?

: ta) Students' actual scores on a diagnostic mxthemattcs test




The sample consisted of 98 fourth-grade and 94 sixth-grade

students from the Washington Elementary School District; Phoenix;

Arizona; These students represented four classrooms at each grade

level randomly selected from district classrooms. None of the
classrooms theoretically represented a. homogeneous ability group
in math; reading or any other area. o

”,' . ’l,],' -l

Two specially-constructed diagnostic mathematics teats were used

in this Btudy, one for each grade level. These tests were desigued

to survey the major mathematics content for the grade level in which

it was used. Both tests were divided into two twenty-item parts,

with corresponding items in each part testing the same mathematics

concept or skill. Test items in each part were arranged in ascending -
fashion; with earlier items testing concepts or skills which (a) appeared w
logically prerequisite to those tested in later items, or (b) are

normally taught prior to those tested in later items. Within each -
twenty~item part, care wasft:Zea so that feedback on any one item would

not cue the answer to a subsequent :Ltem. All test :Ltems were free i

response, and each item was printed on a separa“n five-by-eight inch

page. Thus, at each grade level, the diagnostii mathematics test

consisted of two parallel sub~tests, each surveying the same major

mathematics concepts and skills for that grade level and each arranged
in ascending oraer.

The two part test was used becauee, whatever effect feedback might
have in the first part of the test, it was felt that this effect would
be even more apparent in the second part. ‘For example, if feedback
prodices performance-debilitating anxiety, then not only should test -

perfoinance on the first part be depressed (compared,to a non-feedback

group), but test performance on the second part should be even further

depresaed (compared to a non-feedback group). -
Procedure

Students from each classroom in the sample were randomly selected
in groups of five, and each of these groups were in turn randomly
assigned to ome of fcur feedback treatment grbups--one to receive

1o feedback, cne to recetve knowiedge of performance feedback from

the tester, one to iudicate after compieting each item whether they

expected their response to ‘be correct or incorrect (tnduced seif

feedback: An attempt was made to assign. students so that all four
classrooms -t eacp grade level were equally represented in each

~ treatment group. _All students were tested Uy the same tester in a
room other than the usual classroom.
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As the testing began; the students were told that they were going
to take a two-part test which would help identify any areas of mathe-
matics in which they might need some help. Since no data had been _
previously collected on the egquivalence of the two test parts, half
of the ‘students in each tréitﬁéﬁtfgt@ﬁﬁfﬁéfé;gi@éﬁ one part first
éﬁd thé 5théf hilf the éébﬁﬁd part fifét; After Wfitiﬁg théif name
and teacher on the front cover," the students were instructed to

" briefly look thrOugh the 20 itqml and write the number of items

they expected to answer correctiy.

When this was done,; students received different instructions,

depending upon to which of the four feedback groups they had been .
randomly assigned. In the first group (the non—-feedback group);.
students were told ‘to answer each item and then mark an "X" in the
box to the right of the problem to show it had been finished. Students
in the second group (the indiuced self feedback grcﬁP); Wére instructed
to answer each item and then mark one of the following words:

"RIGHT," "right," "wrong" or "WRONG." They were to mark ome of the

capitalized words if they felt certain their respopse was right or

wrong, and mark one of the woris in lower~cage if they feit their )

respouse was probably right or wrong. After responding to each )
test item,; sfudents in the third group (the tester-provided feedback
group) were told to mark an "X" in the box to the right of the problem
to show it had been finished. The tester than pointed.to the word

"RIGHT"” or "WRONG" next to the problem, indicating the correctness
of the students' responses. Finally, in the fourth group (the
induced self and tester-provided feedback group), students were told

to_answer_ each item and mark ome of the words "RIGHT,"/'right,"

"wrong" or "WRONG" to show how certain they were of their respomse _

correctness: The tester then pointed to the word "RIGHT" or "WRONG"

to indicate whether or nct the students' response was correct. The
students in all feedback groups were not allowed to proceed from one
item to the next until all five members of the testing group had

completed the item.

When the students had ccmpleted the first part of the test,

they were given a one or two minute breek and then proceeded on to

the second part. As with the first part, they were instructed to

briefly look through the items and write the number of items they

expected to answer correctly. The students then completed the test,
following the same instructions as in the first part.

Eﬁus, in randcmiy seiected groups- of five, fourth aﬁd sixth-

mathematics test., Before beginntng @ach part of the test, students

indicated the number of items they expected to answer correctlys

AB they compieted each test item, studente ‘either received no

tester-provided feedback. ‘Over a four. week' period, two weeks for
each grade level; each test administration took approximately 40

minutes.

~
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Pesdback in Diagnostic Testing

- Table 1

Descriptive Statistics for Diagnostic Mathematics Test Performance

Peedback Group  Grade 1 - Parth  __  Parth
' Bpected  Actual  Bxpected  Actual
Mean SD Mean SD Mean SD Mean §D

- -

NoFetback & 29 1136 252 1376 353 1693 2.1 .06 347

=89~

6 B 1641 230 11:90 4:83 15:56 399 1168 4:60

Indoced Self & 25 1000 300 1348 % 112 %00 1432 22
Feedback | .

PB4 R MR S 4% WA sm
pater Beoliack & B U7 3B 1056 96 159 305 1.8 3

Co 6B 160 376 100 &40 1348381 1056 400

Wk St 4 0 U0 G2 1500 N9 150 B2 190 %

© Tester Feedbsck o
S 6 n 6 SR 1000 S8 139 L8 1048 4

-F
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Feedback in Diagnostic Testing
-Table 2
Two-Way Analysis of Variance of Diagnostic Test Performance

Grade I©8% “gource of Variation ss df MS " F
Part e ‘ —_— —
4 A& Main Effects 123.14 &4  30.79 2.58%
Feedback Group ' 35.52 3 11.84 .99
_ High/Low Expectancy 101.05 1 101.05. 8.46%%
2-Way Interactions B o
- Group x Expectancy 341 3 11.14 .53
Explained . 156.53 7 22.36 1.87
Residual 1075.05 90  11:94 . =
Total . 1231.60 97 . 12.70
B Main Effects . 65.52 4 16.38 1.539
Feedback Group 13.22 - 3 _4.41 .43
High/Low Expectancy 58.85 1 58.85 5.72%
2‘Way Interactions o B o L
_ Group x- Expectancy 27.71 3 9.24 .90
. Explained - 0 93:23 7 13.32 1.30
Residual 1925:76 90  10:29
Total ) 1018:99 97 10.50
6 A Main EEEEEEE 136.15 - 4 34.04 2.23
Feedback Group - _40.66 3 _13.55 .89
_ Eigh/Low Expectancy . 102.66 1 102.66 6.74*
2-Way Interactions s o
_ Group x Expectancy 172.70 3 57.57 3.78*%
Explained 308:86 7 44:12 2.90%%
, : ‘Residual - - . 1310:35 86 15:24 :
! Total 1619:20 93 17.41
< L
B Main Effects 168.95 4 42.24 2.66%
- Feedba~k Group 43.93 3 _1l4.64 . .92
. High/Low Expectancy 132.98 1 .132.98 B8.36%*
. 2‘Way Interactions S B o .
Group x Expectancy 105.42 3 35.14 2.21
- Explained .7 274.37 7 39.20 2.46
Residual - 1368.18 86 15.91
Total ) : . 164255 93 17.66
, %
, *2_ 2.05
*%p <.01
78 "




Peedback 1n Diagaostic Testing
X
Table 3
Conpartson of 'Students' Actual Diagnostic Test Perforsance and
‘Performance Reflected dn Students' Induced Self Peedback
i , !

T T

S ‘-N(éan Rt Nm B Ut

: . l ‘ ‘
Induced Self - | Self  17.56 1.94 7.5 L

Feedback b5 hctaal 138 295 24 T.ASH 1432 2,80 247l T

s 0% 1612 3
6 26 Actual 10,62 3.97 25 <6.91% 1073 3.92 25 ~.44%k
Tt Sl Sl 160286 ¢ 1655 28
Tester Feedback & 20 Mctusl . 13.00 3.92 19 -h.65x% 13.90 3.29 19 436w
| D L UNE R R S
© 6 23 detual 1030 3.88 22 -6.80% 10.48 4.39 22 -3.69%k

Hp 01
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} : . , / Results ' - \
\\ Measures of equivalent-forms teet-reliability were obtained

and the sixth—grade test. To-avoid theipossible effects of feedback

- ifor the two -forms of the fourth-grade diagnostic -mathematics test

on the reiiabiiities, only scores from studenﬂ receiving o

eedback were used; half the studemts at each gr de level had received

ope fcrm first, and half the othér form first. - The coefficients of
equivalence for the fourth and sixth—grade tests were tespectively

’Zseand——/ﬁi’ﬂ’_—— R o

was \used to ascertain thé' effects ef item-by-item knowledge of

At b th grade levels multivariable analysis of variance indicated no

_ signi icant differences in ‘performance between s8tudents receiving b

feedback om the diagnostic mathematics test and stndents recetving

.of knowl'dge of response feedback on student s diagnostic mathematics
1c 7778tudents were separated tnto high -and - low . : ‘g :
77}e expectancy groups according -to th ‘mean enpected perfermsnce

°n,Eh§,f3 st part (Part A) of the dlagnostic ggt@lmnticgwtgsggfggfﬁ
sach gradq level (17:22 and 15.98 for grades four and six respectively).
‘e actuall test performance of students expecttng high and lov 7

s

vexformanct was then compared Yor the four feedBack groups: The -~
results of \the analyses of . variance are preaented,in Table 2. The
only significant iriteraction was in Part A for, sixth-grade students.
Since opne would expect this significance to %e1m§intained for Part B,
it may have 'been a chance occurrence.” - r - ﬂ
The aecuracy of 5£9§E§§§,W§§°!EB,§§,, ;gsgediby their item-by—ite'
induced self feedback was checked by comparing[theseiscgreg to students'’
actual performance. A summary of Eﬁ5§€*§c?77 ‘and analyses' is shown
in Table 3. For both grade levels and for feedback ‘groups
involving induced self ‘feedback,. students conslatently and’ EQZnificantly
| self-reported greater performance than that actually demonstrated.

'E of students generally recetved some discogfirmaticn of their self-

feedback from the tester. . : ‘
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) The present study explored questions relarive to item-by-item
knowledge of response feedback as it relates to diagnostic testing

in mathematics. The results would seem to~lend/support to_the
argument raised in the introduction that itenhby-item knowledge. of

response feedback does not affect performance on a diagnostic _

mathemstics test:. This conclusion, however, must be qualified.

It was argued that in the absence of tester feedback students

substitute their own subjective feedback. 1f this is true, then,

students designated as rec ving no feedback in this study were

actnally receiving subjective feedback. Tbus, ‘this conciusion

'performsnce expectations d-‘uot influence the effect of knowledge 1

of response feedback on diagnostic test performance. A &ignificant

itdteraction between students' expectancy and feedback was found for

sixth—grade students on Part A”of the dfagnostic test, but this

appears to be likely the result of chance. Performavce éxpectancy,
therefo.e, does not appear to be an. intra-’ersonal factor which inte acts

)

'779n7§be diagrostic mathe- I

In the present study students' scor

reported item-by-item knowledge

matias tests, as reflected in, their self:

of response feedback, differed signifiggntiy from their actus? scoresf

Students cbnSistentiy self-reported perfiorman:: ‘iich was greater

their|actudl performance. This suggests that s ..dents' induced self
feedb ck on a diagnostic mathematics test 1is relatively inaccurate.( l;
ective knowledge of response-feedback is’ reflected Lo
in their se1f-reported feedback, as induced in this study; then 3
students’ subjective feedback 18 inaccurate.r The fact that students
tended | to rate ‘themselves as doing better thaj they actually were -/fr
supports Cronmbach's (1960) observation that ch dren are often enormously_‘

pieaseﬁ with very inferior responses. ! E : ;__/

The prior review of the iiterature on knowledge of 'response feedﬂack-
revealed no conclusions with respect to the diagncstic testing situation.
One purpose for conducting the present study was to begin empirically’

Estions concerning the use of such /
feedback in diagnostic mathesstics testing. While the results appear

_ to suggest that providing item-by-item Rnawledgejof .response feedback

on diagnostic mathematics tests affects students' performance-np- mox
ctors other than

-than withhoiding such feedbac?7 intra-personal £
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performance expectancy may exist (e.g,, anxiety or self—concept) whici
indicate differential effects of feedback on .diagnostic test: performance.

-Quesrions ~oncerning students' iptrinsic, subjective knowledge of

resper '+t feedback in the diagnostic testingLsituetion remain Iargely

unanswered; this study has _only suggested that such feedback may be
reletiveiy *neccurete. ,- 4

In this papei the issus of providing knowledge of response

feedback in diagnostic mathematics testingfﬁas been raised. Aithough
an initial attempt was-made to investigate oeveral questions relevant
to knowledge of response feedback in 'diagnostic testing; a nuilber

of questions remain,; and fuother researchfneeds to be conducted

before the i4su: will be resolved.

o
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Reaction Paper

Feedback in Diagnostic Testing

_ Lloyd Hutchins
Francis HMHarion Cdllégé

I would like to begin with a few general reacticas axd then deal

with a particular interpretation of the results which, in my opinionm,

are important in the pilanning of the next iteveil of research inm this
area.

résearch such as discovery—oriented research and research for confirma~
tion. At the end of the cont’iuvz we have to have considerable ilileren-
tial rigor because sur’ purposes are differeut for discovery. While it

every possibility and make accammodations to logistical neéd# that

otherwise could not be donme:. We should not be deterred from pursuirg

our interests simply becsuse we can't always please the peovle who

* ..spend alot of time shocking rats. 1In a discovery study; an explora-ory
investigation, there are some informalities in the: analysis but they

) Another point I would like to make has to do wit“ the part*tioning
of students into what could be considered to be-emotisnal categories
for further research, e.g., high-anxiety pesple, secire pesple, etc.
I think tha. this is extremely useful ani thit it will allc - us to move
more quickly in the next stage.

1 would like to address an aspect of research in the second stage
that I feel is probably of particular importance. Becanuse it's important
in the second stage doas not mean it is not important jn the stage )
represented by Dr. Engelhardt's stidy. That 18, I th’dk that his sStidy
had to be done 1im this way before we cotild do what I'm going to suggest.

it's very definitelﬂ not a criticism of his procedure, which:I think is

* correct: With this im mind; I would like to rrme the following for

consideration.

measurements. We must measure the effects of positive ‘'v4d negative
feedback separately. If we mneasure feedback as a Gestal.t; a complete
euntity, we will not be testin® whether any effect exist:z; but whet. =r
the effects cannel edach other. Assiiie We have a situation *d whiz!l 4
‘child giveu approximately 50% correct and 50% incorrect responses.

That 135, 3 ch.ld receives a ﬁﬁé\ﬁi?é reirForceﬁent in ome case and a
negative re-.‘qr”ement in the other Xt'3 probably reasonable 10 assume

that the effects will cancel. If /e look, for example, at the tuble of

means and standard d*viations, e ’o have approximately 50% corrfct

6= ;i
;




-77-

response in every instance. Consequently, in the next step we might

want to measure the positive and negative reinforcement differently.
That is, “sep track of the amount of positive treatment and the amount

of negative trcatment sppifed. _ :

~ Another adjustment I feel is important 1s the comtrol ¢f the rein-
forcement variable: Rather than taking the average of posifive and

negative affects in soue degree we should compare intervals where we
know exactly what the degree of treatment was. This, of course, would

require a pre-testing and a fairly elaborate sorting of respomse on
some equivaleit pre-test form. But, I think if we intend to make use
of the procediute in clinical situations we reallv need to know fthe_

response to a fixed treatment, mot the mean effect of some group of
peop le. ' )

Regarding the conclusion, say we did a second study in which the

child was being told he/she was wrong about half the time. In additiom,
let's say there was no difference between the feedbzck by the tester
and the child's own induced feedback. We camnot arsume from this that
this relationship will hold over the entiri range. This may be; and
very likely is; a catastrophic phenomenon: When you reach a certain
level of stimulus, things happen very quickly: I think that a _child
who was told he/she was wroug 85% of the time by an authority figurs

might very well experience some considerable effect differemt from
the child's own induced by anxieties over suspicion lie/she was wrong

much of the time: Simitarly; I think there would be comparable difference

in positive reinforcement. . :

Now, by catastrophic phewiomena again, we mean the effects are nrt

linear. We actually need to have fixed treatments over intervals of
response of 10% or so, but this would be difficult to do. I think
that in the mid-rangs theis isn't going tn be a very large differemce
but .iui = wher we move away from the mid-rwage where, for example, a
‘child is receiv.ng a high rercentage of positive reinforcement (or
negative reinforcement), thers will-be some important affict su per=
formance. The point s, we have to have fixed effects, not average
effects; and we have to compare tester frodback with self-induced

~ feedback at different {ntervals before wz really have something that
will allow us to make clinical decisioni.

If the point of providing feedback is to improve our measurement

of the cognitive comstruct - to reduce its being confounded by anxiety
or something of that sort; then it is extremely impcrtant ko use fixed

effect and to measure in intervals.

@




Counting Performance and Achievement
Some Preliminary Observations
Leroy G. éaiiahén -
SUNY/Buffalo

must master is the apility to count: :::No system can gzfford

Obviousiy, the first skiil of any consequence that children

to fail in developing this skill at a rather early point in

the child's learning experience: (Buchanan, p: 33)

ihe most E&sic af’aii akiila 48 that of eaﬁpétéEEé in the use

measuring. (Hilton, p. 88)

Basic Skills (include)

A firm understanding of the basic meavipg and uses of numbeis

for coﬁﬁtiﬁé, comparing and orderimg. (Rubenstein, p. 177)

Renewed concerns with Easic skills in mathematzcs have forcused somn

attrentior. on the counting process, as suggested by the quotes above )
. taken from Conference on Basi: Matherm: tdical Skills and lLearming, Voi. 1
(1°75‘: Associated with these concer s is the interest in earJ' identi—

o

ticai skills. The'Project for the Mathematical Development of Children

(PMDC) group has beern snvolved with éxamining and describing sotie aspects

of the enumeratior process im young childzen. The psychological processes,

especlaily tl.c iole of perception, itnuves ved -ith enumeretion hava been

of. intarest to psychologists for over i pouttury (examp-c: Jevons,
- 1871).

This paper explorrs some of the cognitiv= proces<aes that _appear to
be involved with cOunting,,and also reports on observations of first

gradors involvad with performing rote and rational counting +asks. I,

and some of my students; have been involved with interviewins small

numbers of f£irst graders for- the past. four years. This year as part of

"-a more comprehemsive project we were ables to carry out about one thou-

sand interviews of first graders. The dats: are presently teing: pro-

cessed. Observations reported in this paper are based on a smallz

number of interviews carried out in previous years. Finaliy. some
speculations will be made on the diagnostic value of these ta°k3 in
predicting learning strengths and weaknesses of students within a broader

context.

Tbe subset of tasks-on the interview concerned "i:n Counting invalvef

two aspects; rote counting and rational Pounting. The former involved

the 2xaminer (E) asking the chitld, "How far can yov count?" and oo

"Can you show me?”" The child vas also asked to cowit on from a 203t in

the syste.n other than one; and to count backward from different points

in the system. The rational counting tas%s included connting 3; 7; 1t
= . =78-
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and 16 counting blocks from a pile, choosing a dot card with N dots when

presented with a trZ> of dot cards (N, -1, ¥+1); a sorting task with

dot cards with different arrangements of 5, 7 and 10 dots_which were.to

be sorted onto criterion cards with displays of 5; 7 and 10 dots; and a

task requiring ordering of dot cards and numeral cards.

Rote counting can be described as a verbal chain (Gagne, 1970) A
series of words are linked in _an arbitrary Sequence. Through mpdeling

and/or repetitive practice children may becote proficient in performing

this verbal chain. In the ilnterview observatioms could be made cn the -

length of the verbal chuain, points in th in the chain that appear to ha more

di’s icult, and other factors thatmay affect performance.

counting perfcrmance on entering first grade. Danmark (1975) reported

that when (E) terminated the chain at "thirty-five" over 50% of approxi-

mately 200 first graders reached that point; about 162 reacbed "twenty-:
nine"; about 12% reached '"iineteen''; about 9% reached “ten'; and about

10% could not get to "ten" in the chain. In our procedure (E) did not
terminate the count until oiie hundred.

of about ﬁO observations made from this batch of students; one

" could only count to 10 or less; twc stopped betwzen 1l and 20; eight

between 2I ana 30; eight between 31 and %0; one between 41 and 505 three

-betwe~1 51 and 60; and all the rest (18) made it to omne hundred.

Aithough the sample of performance being reported on was §@E}i and
pon-random, it was inteéresting tu note that if a student made it to

"sixty" in the chain they then could make it to one hundred. Another

observation was that most of the terminal roints in the chain were at

the point of movement intc a new decade, i:e.; 29, 39, 49. Further.

so.s . served that even for those sble to make the count to on=e

Mutio et .8rez was hesitancy and pause:c at some of these points. Using

aunalogy from the physical scilences; it appeared that a relatively -

amzil amount of ~- 8 of cognitive energy are required to continuz the

fiow of the verpal chain within a lecade, but additional ergs are

required to cross the threshold to the nex: decade. In specuiaring on

why students wao make it through the fift:>s could make it all the way

to onz hundred, omne Possible axplanatiou might be the iinguistic sim.-

larity between the decaide nares sixty, seventy, eighty,; alnety s»i t=

familiar six, seven, e*ght znd nine. Witk the exceptioa of forty, here

is a degree of dissimilarity between twenty; thirty, forty, fifty [wahere

students were terminating the choin} and the familiar two, threr, four

and five:’

A few furt.cr observiailons oii roté counting. There often was o

discrepency bctween “ow far the chirdren cay they can cor ‘C and how far

they can,_  _fact, c~dnt. Typicélly,ithe point that thzy say they can

count to 1s less than where. they can count in their perfoimance.
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Another rarher common observation was the pride so many &oﬁnéééété ‘took -

in "showing off" their couating ébilitil Counting to ure hundred may

children seémied to enjoy being the solcist in a counting performAnce.

Although it was an unsystematic inquiry, mnny of those able to

count to one hundred were asked, "Where did you learn to count so weli?"

The most common responses were associated with older sisters or brzothers;

parents (usually the mother) or in a2 few cases grandmothers. Very few

lnclcgced the school. Ogle ree (1970) zlluded to this infiuence whnn he

Ausubel (1966, commented, a nnzber of years ago, on the importance of
-arnishing acceptable models of speech and supplying corrective feedback
in rela"ion to early lesaraing, especially for the dlsadvantagﬂd child.

Stodent+ were asked to count-on from 6. Our observations were very

similar to those reported by Dermark (1975): The -ajority of students

could perform the task. Some had to have the diriction clarified by
cueing. Relatively few were unable to perform after the directions were
clear. ’

Students were asked to count backwars from 10; 2 number less than
tea (6);. and a numbsr Breater then tenm (12 or 13). 0f about 40 cbser—
vations made, about lﬁ were unable to cuiiit from 6, 10, or 12* two wete

able to count from six but mot 12 or 12 - - .re able to count {rom 6
and 10 but nct 12; and eighteen were : 1t from 6, 10 and 12.
Demmark reported that about 80% of tb ders nould connt back-
ward from six once the directicns wez to thzm (some n¢ 2ded
cueiﬁg) We also would cue the sc\denc .+.1ike 'ten,’'. 'nine,’

'eight."’ ), yet this group of first—~grad:rs reflected somewha® wdre
diificulty than the Florida and Georgia children. Cotititing tackward
ftoﬁ twelve was very difficult. -

Observations of the backward counting task inciuded the evident

13-k of experience by many children in any backward counting: Even

after cueing by (E) there were mauy blank expression3s: Some students

whc indicated that they had never counted backwards vnderstcod the
natcre of the task through the cueing and would attempt the taek. Some:
would succeed---usually much more slowly than with forward c¢heins. For
some the count backuard would be<in but at soms point a nuuber word
wouid trigger a switch to a forward chain, i.e., "ten, nine, eight,
seven, eight, nine...." For some the backwar.. counting chain was quite

a complex cocnitive procesc: The chain would begin "ter, nime, eight,
(long pause) seven, siy, (long pause) five, (1ong pause) four;" erc:

The long pause - uullv involvzd starting at "or2" and counting up to the

point where the block in the backward sequenc: occurred; (this could be -

vozal or su=tvocal counting) then continuinc the backward chain. _For

some few these "pause processes” crurred for every number name in the

o
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backward ch+’n ¢ countluns. As suggested, this was quite a complex
°°8F§E1Ve,§?ﬁl For students p.oficient in the task the backward chain _

of rLamsi Termed O be no Xors demunding than the forward chainm. Generally,

our obser v atior b s baen that signmiificant numbers of antering first-
grade chiidren @ :ve 1l2:nited; or nc; expeilence and proficiency in
counriting backward. .

. Proceeding to riilonal counting tasks, the first involved p’icing a

pile of blocks" \nfcre,the child and asking him to show four, eight, ten,

aﬁd,thirteen. THe numeration process involved in such a task-has been

examineéd by various investigators. Beckwith and Restle (1966) describe

the act of simple enunsration to inciude (1) the sequenced chant of .

number names, (2) an assoclated indicator respomse (such as pointing)

which 1s synchronized with each number name, (3) a discrimination __

between the set already counted and the set as yet uncounted, and %)
the termination of the process must be recognized--usually by the
emptiness of .the uncounted set. - -In regard to this last point, enu-

meraticg a subset of five (for example) from a larger set appears to be

more diifficult th:: the exhaustive enumeration of a set of five. Wang,

Resnick, aﬁd Booze. (1971) hypothesized that the addition of a "memory

cdmpbﬁeﬁt is very . /kely the factcr that in' reased the difficulty of

such a task. Their data suggested that chiliren continued to count out
objects beyond the number specified in the instruction. The tasks in

snecified subset ‘rom a larger set.

As might be expected,fit was obd@rved that demonstrating the two

‘iarger numbsrsg, ten and thirteen, was more difficult than demomstrating

four or eight. The "memory component'' seemed to contribute to the

observed difficulties; especially with the larger numbers. The stude:cr

didn't necessarily go beéyond the number requested (slthough some /!dJ,

but would often have to stcp the enumeration process to ask (E) whi-

number had been requested. With some this .might occur more than onc

during the proc:ssing of one of the larger numbers. Some students wouid
pull blocks from thé pile, orgaanize themx {(linear rows.or arraye), aud

then enumerate-—~putting extras buack or pulling more from the pile as

needed. Soime would pull blocks frdm'the pile with a finger in syn<

chronization with the oral count (vocLI or subvocal) ‘with comsiderable .

- physical separation between the counted subset and uricounted set; others

hardly separated’ the counted blocks from the uncounted set making only a

slight phystcai contact: In the former case it was relatively simple to

run a check on the accuracy of the count if the students ‘wished (and many did

want to check their count); in the latter case such cﬁecks were fiot
-possible. - .

Another interesting observation that could be made invoived the way _

studen .8 teélated the sequencial casks. After demonstrating & set of

feur the next instruction was to show eight blocks. Some would quickly

relate that request to the previous task and build-on Trom four. Others
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did rais, but would g0 beck to count the four first, as 1f to see if it

was scill four; after the four more werefin place some would then go

nack again and count the entire eight. There seemed to be some distrust

of the stabiiity of the number property of the set so that; for. safety's

sake, they went back and ghecked quite often. Of course,zwith some; _

t1s again may have involved a "memory component." The synchronization

of the number words with the motor indicator respomse of touching or

moving the blocks was another source of error in responses. Again, this
generally showed up at the higher number levels. Some of the synchroni-
zation problems were gross and were obvious éven While enumerating small

numbers of blocks; a few were very fine with the timing just slightly

off so that the cumulative dissonance between count and indicator

" movement would not throw the count off until it reached eight or nine:

———
Thelnext two rational counting tasks involved the use of dot cards

in discriminating and recognizing number properties. In.each case.
circular blue stickers were fixed to white 3 x 5 cards to become the
stimulus ¢bjects. Because it appeared that tasks dealing with small
numbers of dcts on cards posed different cognitive processing demands
—~ than cards with larger numbers of dots, a short digression to examine

that line c¢i research is in order.

Psychologists have been intrigued for vears with the question

dealing with span of apprehemsion: A4s early as 1871, Jevons (1871)

found that his estimations (of beans cast into a box) were invariably

correct when the number of beans was. less than 5; as the number of beans

incrz=ased the percentage of correct. estimations decreased-—and in

. fairly regular fashion. - Wairen (1899) concluded that, except under
-special stress of attention,; or: ﬁith éﬁbjécté éénéciélly apt in this

appear to be apprehﬂrded as a whole, wi.hout enumeration) is limited to

the numpers one, tw<. and i.wwee. To apprehend nambers greaver than &4;°

‘ther, some other perceptual | unctton MusSt come ‘into play: Taves (1941)

concluded from his data that “h2re are two mechanisms for the pérception

of visual numerousness. One operates *hez the number of dota ia the

stimulus fleld :s -ail {numbers up fo 6); the second mechanism operates

when the number of dois is so giea’ as to prohibit direct and rapid
recognition of numbsr (greate. thsn 6)...Kaufman et.al. (1949) Supported
the two different ‘techanisi i hyposheses ;;d that the change occiirred {
atout at 6 stimulus dots. Thelr datz did not support Saltzman and

Garner (1948), and other earlier n:,:peaimenters, that suggested there was

an immediate cognition of number with presentations of 1 to 6 stimulus

dots. Thay found the time -between stiwialation-and reporc increzsed

regularly with dot presentations fram . to 6, therefore bringing into

some questirn the "immediate cognitic—" hypotheses. A considerablc

number of independent variables have *;een examinei as to their influcnces
on the apprehension question. Some of these variables include:. density
of oEjecf° 1> the.displey; crganization of the vbjerts, meaninglulness

of the objects, area of the field of arorehexsion, rapic’ +y cf pra—

sentation; m”atal set of resporder, and many others.

0
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This short digression examined a few aspects of a stream of inquiry

’r’egé’rdiﬁg a’p”prehea’s’i’o’ﬁ of thé iiiiiiibéi‘.' Eii?é}iéi?t? i’.if 5. ééi:. It: seemed B}

“1in the first-gradé tnterviﬁws, and in light of gsofie of che children 8

performance on the tasks. Examination of the tasks and observatisn of

chtldren's performance on the tasks now contiromss

The next rational counting task.inv-1"s’ presenting a child with a

set of three dot cards; one with 2 dots, ¢« 31th 3 dots; and ome with 4
dété. Thé? Were instructed to indicate tne card with tﬁree dots. The

the display), rpv ﬂots (with a 9-dot and ll—dot card in ghe display),
and thirteen (- :» vith a 12-dot and l4~dot card in the diéﬁléy)

As you wii-fu M\yect ‘more errors occurred in chdosing the greacer

number cards t % i) e 'lesser number cardg. Generally observations by

(E) suggested ti..:e broad categories of techniques used by children in

responding to the tasks: There were the serious counters, the more
impulsive global choosers; and those that seemed to choosaz the means to
f’t thé task and combined the use of both methods. Géﬁéféil? ‘these -

reported by Denmark (1975).

‘The serisus counters counced every card, even those with two,

tiirea, and four dots. Even if the requested card were the first cauptEd

they would count the other two cards in the trio presenteid. As observed

by Demmark (1975),; there were both visual counters (mo pointing to

and/or touching each dot) and counting that incorporated overt motor
recponses of the fingers pointing to and/or touching each dot. _The

. “Hemcry component” appez-ed to enter iato the task. Although the _

é;ii.iiiiérdti'dii bf 5 gii?éii ?‘éi‘."d WEE éﬁ éﬂ‘iﬁéti\?i 6iié, Eifd théféf6i.‘é i:hé?

be reminded of the number they were lookjng for. Errors of the serious

counters generally occurred with the greater numbers and often involved

the compoment of counting exairined ty Potter and Levy (1968). the

ability to point to (or look at) each item in the array, one at a time;

until all had been taken c:iactly once. Errors would occur when z-dot

was skipped (omizsion) in the process; or would be counted more than
once (redundancy). As with both Potter amd Levy (1968) and Demmark (1975)
there appeared to be g;udeptg who systematically ordered the Spacial
field in enumeracing it, while others Woilld use (Wwhat z=ppesred as) a
rather random enumeration of the field: TInsufficient evidence was

available on which processing procedure (if either) was mure closely

associated with errors in enumeration: Some (E) commented, however, on -

the rather incredible ability of certain "random enumerators” to be-
accurate in their councs and continuously avoid omissians and redundancy.

. The ﬁore 1mpuIsive choosers would generaily react very quickiy to a
direction .and choose a dot card. There was litile evidence of counting:

The observation was that this procedure would often work quite well for

tie 3-dot and 6-Jot tasks bit lad to errors on the 1U-dot and 13-dot
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tasks. The digression a few paragraphs back to studies that examined
apprehending 1bility may be apropos to these observations. Recall the
hypotheses regarding two different mechanisms for judging numbers, one

for numbers of objects of abmit 8ix or less, and a diffecent p’r’d’cﬁéEé for-
numbers greater than six. It appearaed that tio Buccauy ome students

had in quickly identifying the 3-dot and 6-doL srriag (el the positive
reinforcement for that success from E) created-a menLal set that compelled,
some to continue responding impulsively. They seemed unaware that a

shift in processing procedure may be necessary as the uumbers got

greater: For: the majority of studencs the task with 16-dots and 13-dots

poses a 'problem’ since it is gemerally beyond their ability to give a

quick and accurate habituated response. Luria (Callahan; 1975) has
suggested that an important phase of problem solving involves the
restraining of impulsive responses and the investigation of the con-
ditions of the problem.. This was quite obviously absent.from the
impulsive chooser's reaction to the tasks witlt larger numbers.

On the other hand, there were some students who seemed to be aware

that they could react impulsively at the 3-dot and Fdotieveis,but\

needed ¢c Fvitch processing proceduras with the 10-dot and 13-dot tasks:
Some few sctvdents actually verbalized: this to (E). After chooaiﬁé the
3-dot and 6-dot cards quickly the; said; "Now I have to count." . They
seemed to be able to restrain an imwulsiVe response and be aware of the
different conditions of the task. :

Three criterion cards (one with 3-

lO-dot cards 1nto appropriate piles.

dots, one with 6-dots, one with 10-dots) were attacied to a folder. A

deck of 12 ca> s (four with 3 dots, four with 6 dots, four with 10 dots)

was shuffled and the task demonstrated by (E):. The child was then

hauded th= remaining cards to'place in ..iproprizt: piles. The arrange-
ment of the dots on each 6-dot card; for example; was differeat._ There
were no cards I~ _the deck that did not belong; it was an exhaustive
classification of” the three numbers. -~ - . -—— 77

Gener&lly this task was somewhct easier than the previous task.

Again there were the ser*cus _countsrs, the impuisivv sorter~, and those

who would use both procedures depending on the number of dots tnvoIved.6

The "memory “ccmponent"” was gain operational with some of tie counters:

They would count the top vard in the:deck (example; six); by thern they

would have forgotten the rumber of dots on the three criteriocn cards and

would have lo' count those ~gain befoure the choice could 97 aade.  In

) some severe -ases t:.rn ping-ponging of fo:gettiung the numbec of dots on
the sor: card and the criteriom c-.rJd< licppened contimiously dmriag the
rask. It would appear that the jmpilsive sorvers fared better on this

task. The discriminatics was much grosser and the sorting of 3-6-10 dut -
curds was probably much less a "problew” task. The impulaive sorters
did have some problema whep **ry were feeed wich similar forme of arvanganewtg

of dots omn a card though ths nvabers were different. For. examplc, if

the two cards below would appear consecutively in thé; deck to be sorted

it wouli [ ..% ~.".. ) often lead to error by the imprlsive sorters.

since * *”*‘J they wculd place them in the same pile. Such -
/

-o—e—9o &
/ S

93




_és_
7 v K . | : -
similar forms seemed to have less effect on the counters. Some of the.

students would impulsively sort, theta—doé cards and 6-dot cards and then
count (at least one or two) of the ‘ten-dot cards. - , o

P The final tasks involved ordering a se\ of seven dot cards (one

numier.:1 cards (one through sevea inclusive) from leaSt to. greatest. A
general ovservation was that when there was familiertty with the num-

.erals, that was an easier task than ordering-the dot cards. In ordering

the dot cards all the behaviors discussed in the previous tasks mani-

fosted themselves. Some counted. Some did not. Some would impulsively
order through.about five and Ehen wculd have to coumt to detcrmine which

of the two remaining was the six~card and Seven-card. In/ordering the .

numeral cards it was not unugual to have the numérals backward or upside
down in the sequerice, but still have them ordered correctly. Again, the
memory component" would often come into play in ‘both tasks. Wﬁile -

had - already crdered the cerde und would go back to the beginning o
gounc up to where they were in the sequence.

These theu were the taskis on the fxrst grade interviews ‘that
involved counting. .

An opportgnity arose i~ relate tha counting performance of the . gt
ayproximately forty first-: -aders described—in the previous—paragraphs— — /
with their pe-formance on aa arithmetic achievement test. Subsets of: ’
tasks on the standard achievement test were examined. “On the "Concepts™

part of the test, two BU.3ets were examined tasks which did not require:

cornting (Example.L "Mark dnder the roac that-is the widest'") and tasks

which probably involved counting /"“Mark under the group that has the

most pleces of candy:") On the “?roblem Solving" part of the test;
those items where addition was required ("Paul has three cents. His

- motl.er gives him three more. How many cents does he have then?”) Were
clustered and those requiring subtraction ("Barbara had: s1x jacks. She - 7
lost two of them. How many, does she have now?") were cliustered. . ;

Likewise, on the "Computation" gection the addition (2 + 6 = __) task

e

and subtractinn (4 - 3 = ) were considered separately. Th:ize aspacts |

of the co unting tasks in the ruterview were examined* rote ~ounting

- \_

a test task) was entered in a table. Illustration 1 indicates "an entry,
S; for a student who rote counted to 1%7and’ performed at a difficulty
1azvel of 0.48 (nuiber of 1itoums correct/total number of items).on the
"concept! - tems- - requiring no—counting. o .

/
/
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A median-split was. then used to "collapse the data in a-2 x 2 L
table. Frequency of 8tudents above the median (A) on one set of counting N
tasks and above the median (A) on & 8ét of test tasks; above the median - )

“(A) cn one set of: counting tasks and below the median (B) on a set of I

IS,
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: the median (A) on a set of test tasks; and below the median (B) om one

set of counting tasks and below the median (B) on a set of test tasks,

are shown coiiec'iveiy in Table 1. . )
‘ - o N
TABLE. I--PAGE 91 ' '

- ~

\

. -=-The frequencies<within a median row or columm of the grouped data are not
reflected in the 2:x 2 tables, therefore -the fluctuations in _the_tot
number of students reflected in the tables. They relate and reflec the
more extreme performances ¢i the test tasks and counting tasks. A reat
__— deal of caution must b -ak/- in drawing relationship conclusions ftom . |

guch an unsophia:'cated aveivsis., It ?98,4939 to-gigp;gfgetfafggoasf_— i
feeling for som~ - ‘%i3li. ¢lues amd cues for more penetrating analysis
of data gatherz :he tnture. _ . . o

Some observations og rote counting forward and test tasks:

- a positive correlation could probably be expected between

S ' fote counting performance and performance on achievement . .
test tasks. { - - -

! + -

:'the deviant, BAPAB, cells éﬁggeat tha: there may generally

- but above the median on teat tasks than vice versda.

rfoi;mance rather than specifically and differen- .

" test item p

- rote countigg abtiity msy be genera ‘v related to achievement
v ~tially related to various subsets of items.

} “Some obqervations on backward counting and test tas«. : i

e -a positive*dorrelation could probably be expected between '
backward ccynting performance on achievement rest” tasks. -
This corrclution ‘might be greater in degree than the

correiation[of forward counting and rational counting with

»achtevementitest tasks.

backward coqnting ability may be generally reiated to achieve-'
ment test itiem: performance rather than specifically and

differentiallly related to vaxir.s sutsets of items. /
. B |

L N : {
Sociie obser@ﬁtiona jn»ratioual [ T Lity and test- taag§jiw
o - a positive correlation it s..-. 5.y be expected, betqeenL B j
rational,ccdﬁting performa. e %.. | rformance on achievement . F
tast taska:; b /
/
o

R ttre,sig‘zim ,§§:ﬁ§g cells suggest that theve may '-snerally -'

' be more students above the median on rational coui ing -/
performance jand below the median on achievementc terc : g
performanceb*han vice versa. ) ] - ;

i e ’ : e 77
:H‘... / - . -
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- rational countirng. ability may be generally related to

achiavement test item performance rather than specifically

and differentially related to various subsets of items.

. o
& o

o \)

It would appear that perfotmance on the various counting tasls

contained within the first grade interview are positively correlated _
with performance on a standardized achievement test. Although the PMDC

Mathematics Test-Grade One contains many items other than those associated

with counting performanc2; they report correlations of O. 79 between the

PMDC and the Key Math measurec; and .72 \between PMUC and_the. Otis-Lemmon '/
(1975). The initial crude a&-s:.sis carried out here, would suggest a i
N rather high degree of correlation mayjexist bett 'm the ability to o i

perform the various counting tasks a”"pérformance on a standardized

achievement tegt. The relationship would aggggrftgibgfgeneral rather
than specifi% ?o certain subsets of achiciement test tasks:

The stuiehts in the small group reported on in this paper vere’

first _graders fn two different classrooms two years ago. They are

presentlv th graders: I recently attempted to follow-up on how

they are performing in school arithmetic. -Of the approximately 40

students, there are twenty-one still in the 8chool at the third grade
ievel: Some have been held back a grade, others have evidentlyju'ved

out of the school. Of the twenty-one, twelve performed at or below the

-fourth stanine on a standardized test &t the end of the second grade:

- 'Another administration of afstandardized test at the beginning of

third grade confirmed this rather low performance on standardigzed

i

tests of artthmctic. The nine others in the fhira grade—were-func! ioning

above the 4th stanine on a8 standardized tsst’ at the end of second grade:

Table 2 presents a comparison of performances of the underachievers o

(i&%éf 4 sEaEine) with the achieVers (abuve the 4th stanime).
.. TABLE 3--PAGE 92‘ _ | T

g

- S i , |

Alt: oogh auch cantion must Ee ‘used _in naking inferences from stich a

small =nd non-random group of children, there is at least a. suggestiOn'

-~ = that the countiny tasks have some degree of predictive validity in
regard to arifhmetic achievement. : . —

This paper ‘started by prcsenting some authoritative comments on |

the importance-of councing as a basic skill of arithmetic. Evidence !

from some 'pilot" aﬁministrations ‘of counting tasks to! first graders -

suggested a re ationship between counting tasks dand ‘standard achievement

test performance.‘ Finally, for a small number of students involved

with the pilot admipistration; it would appear as if 8kill in counting
on entering first grade may' ‘have some predictive valve for success in . |
school arithmetic., Tﬁesi dbservations ‘mist be very tentative because

of rigor in design and anaiysis. : o

-of small numbers and lac

B P o , o
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i Observing young children involved with performing simple counting
tasks makes one aware of the complexity of these deceptively simple tasks.
In microchoswthey make demands on many of the complex cognitive
processes needed for success in school arithmetic. Counting tasks,

incorporate in some ways the entire range of synthetic ‘méntal activities

menticned by Luria (1973): perception; movement and action; attention;

memory, speech, and thinking.:

- In speculating on some implications regarding counting in the
school program; it may be useful to take a further look at some of the
work of Luria in the area of neuropsychology. He presents three basic
laws governing- the work structure of the individual cortical regions
of the brain. The first is the law of the hierarchical structure of
the cortical zones: the primary zone, the secondary zone,' and the

tertiary zone. This system does not remain the same but changes in

the course of ontozeuetic development: The second is the law of

diminighing specificity of the hierarchically arranged cortical zones:

the primary zones possess maximal modal specificity; in the secondary

the specificity is present to a lesser degree; in the tertiary zones
there is even less specificity. The secondary and tertiary cortical
zones have a predominance of multi-modal and associative neurons.
Théré appéaré to bé progréssivé transfér froﬁ the priﬁ5r§ régibné

seems to occur.

By the time students enter school, development from the primary

regions to the secondary and tertiary should be well underway.:

Continued appropriate development; then; would seem to be best

nurtured by an environhent rich with opportunities to relate, to

and to develop the higher cognitive functions.
A simplistic reaction to the role of counting in achievement
may be to directly and simplistically work on counting, backward,

forward, and ratiomal, outside of a meaningfui setting: This would

~probabl& do more harm than good: In light of the developmental needs

of the child, counting experienceés should grow from a socially -

stimulating setting where a sensitive teacher subtly involves the
child in activities where counting takes place within a meaningful
setting. Then the dynamic relationships which mark cognitive
déﬁélopﬁent will be best served.

One of our jobs is to continue to search for the right questions :
to ask our students, to observe behavior, to reflect on the meaning
of that behavior within the broader contexts of intellectual growth

and development, and to firm-up the inference lines between learning

and development: Then perhaps we can offer teachers the kind of

professional preparation suggested by Mayer (1961) and cited by Lovell;
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What future teachers need and cannot find is the course

which attempts to explore the profcund aspects of the deceptivoty

simple material th=y are going to teach, which analyzes case

by case the types of difficulty that children find in approaching
such material... -

txjw
w
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Table 2

Comparison of Counting Skills at first-grade Entrance

for Two Groups of Third Graders
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. Counting Performance and Achievement:

Some Preliminary Observations

N James W. Heddens

Kent State University

The three quotations that Dr. Callahan has cited in his paper seem

to place counting in three different perspectives:. Buchanan; in his
statement; places counting as the primary base upon which a mathematics
program is developed. Catherine Stern3 in her book Help. Children Dis-
cover Arithmetic; seems to place. emphasis upon relationship first, _
folloﬁea by the development of number, then the development of numeral.:

S

Hilton's quotation places his unphasis upon competence in the
gse of the number system. One does not know i1if counting, comparing,

ordering; and measuring are placed in a significant order: Piaget

would consider comparing prior to counting:. He would follow comparing -
with rote counting; then rational counting. 1f a child has considered
comp@ring, then moves to counting, is he using rote counting or ra-
tional counting?

 Rubenstein commences his statement with the word understanding"
and as soon as this is indicated then we are comsidering rational

counting and not rote counting: He has sequenced counting first; ~

followed by comparing,; then ordering. Again, this seems to disagree
with- Piaget 8 work. .

callahan has used eicellent procedure in defining the difference

oetween rote and rational counting. He has done this by suggesting
different types of t§§ks for each type of connting.g The definitions

presented that would verify that the tasks really do indicate either

rote or rational counting. In my opinion the task of asktngfa child

to count forward and the task of asking a child to count backwards

- are two different levels of functioning. I have difffculty placing

both of these tasks under the heading of rote counting. .

. Gagne's theory of verbal_ chai ining seems to be an excellent tech-
nique for evaluating the level of functioning in rote counting: Then
we must assume that the longer the verbal chain, the higher the level
upon which the child is functioning. 7 )

i

Callahan's observation that if a student could count to sixty

then he could make it tr onme hundred seems to indicate more than rote

counting. Evidentiy, the student was able to generaiize a pattern
and apply that generalization in order to count to one hundred. Has

_93_
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the child moved from rote counting to rational counting? Then the
question needs to be considered at what point in the child's develop-

ment are we willing to say a child changes from rote counting to
rational counting? : ‘

The linguistic explanation suggested by Callahan seems zppropriate:
The linguistic work of Hargis seems to support Callaban's analysis: I
feel that more research from the mathematical and linguistical ap-
.proaches needs to be considered. - '

. Callahan's observation that counting to 100 was more enjoyable for

' young children seems to me to be a logical conclusion. Parents scem to

. prize counting and often ask childien to count. The younger the child,
the more positive reward is obtained by counting further. Positive

strokes will encourage the child to concentrate on counting farther.
At what point will the child discover a numeration pattern and switch
from rote counting to rational counting? Maybe parents receive more

self gratification from their child's counting than the child himself
receives. Thus the parent will place more pressure upon the child to
count further. Consequently, we have developed a cyclic effect.

— __ Grossnickle and Brueckner in their 1959 edition of Discovering

Meanings in Arithmetic have done an excellent job in describing the
nature of counting. They define six différent stages in the ccmplete
process of counting. The six stages are (1) rote counting, (2) enurera-

tion; (3) identification, (4) reproduction, (5) comparison, and (6)

grouping. ;
Rote counting is defined as a mere repetition of mumbers in

sequential order without meaning. Grossnickle and Brueckner do not

indicate how an individual evaluates a child's counting to know 1if

.the saying of the number name in sequence has meaning for a child.

Enumeration is defined as rational counting and means to find the

) . number_of objects in a set. Thus a child must be able to use ome-to-—
onie correspondence in counting the objects in,a set. It would seem to
me that in observing children the way the child functions would indicate

his level of understanding. As I have observed young children; count-
ing 18 a touching process with the utilizing of one-to-ome correspondence.
Ask a five year old child to count the number of children in a room and
he will proceed around the room-and touch each person as lie says a

number: A next higher level seems to be apparent as the child stands
and points to each individual as he’counts using omné-to-oifie correspon-

dence. Now he is still using one-tc-one correspondence but he has

placed a distance between 'the objects being counted and the finger:

The next higher level seems to be when a persou nods his head and . v
counts using one-to-one correspondence. I have observed children who

ugse touching their own nosas with fingers as they count or clicking

- their teeth as they count. A more sophisticared level of counting is
wheti' a person counts by directing his eye to each member as he counts.

This is probably a method that is still being used by adults as they
count. . .
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Tdentification is defined as answering such questions as which set:

has four spoons. A child could answer the question either by counting

or by mere recogniticu: Maybe we encourage children to use immature

methods when we auk a child to count the ‘aumber of spoons in the set.

countingz In my opinion we encourage children to depend upon counting
to provide responses rather than encouraging them to learn-recognition.
- In our work we use flagh cards with dots on them and flash them rapidly -
and ask the children how many. Mbst five year cld childrem can hendle
‘up to five dots without counting. ¢

Q

Reproduction is dafined as giving the correct response tgc such

_questions_as "Give me four of the spooms:"__A child must respond by .

selecting four spoons from a larger sec of spoons. I would also

observe"how the child bebaved. Did he count out four spooms; or did
he count by twos to get four spoons,; or did he merely recognize: four :
spoons and ?iCR théﬁ ﬁﬁ? Agaiﬁ I séé sﬁ56191sioﬁ to thé catégariés;

Comparison is utlized when observing a set and answering such

questions as "Haw many more silver spoons are there: thano piastfc spoons?"

In answer to that question, it sz2ems to me there are three different ways

in which the child can function.

_ Grouping 1s shown whea the child identifies at a glance the number -
of objects in a subset without counting and then counts from that point
on. The echild again h§§ several ﬁﬁtiﬁﬁé as to how he can function.

- The research fron the-early forties done by Carper needs to be

replicated as well as the work of Dan Dawsnn. Maybe it wouid be to our

advantage to reexamine the group test devised by J: Kern at University

of Freiburg for testing maturity tevels of connting.

'should more theoretical analysis of the content be attempted prior
to collecting reésponses from children? After logically séquencing

the theoretical levels of. counting can tasks be designed that can:be

validated to verify that each task is indeed functioning on the level

specified? I feel the technique used by Nichols and Demmark to be
excellent. After a protocol has been established; follow the protocol
‘and videotape each case during respnnse. Thus the researcher does not
neéd té,thiﬁk about the protocol, observe the child's behavior, record
the child s behdvior and try to interpret the beliavior all at one time.
Now the researcher can concentrate on the protocol golely, for the
videotape is recording the behavior. The researcher can interpret and
analyze the tape at a future time when hé can zero in on a specific
aspect. The tape 1s also available for multiviewing, thus providing
an opportunity for several different individnals to interpret the data
and for several viewings of the child's behavior. .
q

R



A PERSPECTIVE ON 'fmT:FUiUPE
/ - James W. Heddens, President

/7. ; // v ﬁ
. -" ©ne can observe young children having difficulty learning mathe-

/// matics: We have reading\centers for children suffering with reading
L difficulties; we have speciglists to work with children. sqffering
—_ from seeing or hearipg difficulties; we have hospitals devoted to_
helping cigildren with physical difficulties; and many more special
* areas. Where do we have proféﬁéioﬁalL;réiﬁéd;iﬁdiVidﬁE;E working with
: childrengsﬁfferingffronfnathenstics7difficnlties such as ‘acalculia or
s dyscalculia? Why haven't the individuals responsible for miithematics
developed and prepared instruments, msterials and techniques for

"remedial mathematics'?

., Over a period of Géaig GE ‘have observed G&? Bond working in this

os Durrell at Boston Coilege, Sheldon at Syracuse;,and many others. When
we study their work we find much repetition. Why didn't these individ-
uals pool their talents and .rescurces? Why does each individual have
to reinvent the wheel? This has bothered me for years, consequently
the questions are:

1, Can the mathematics peopie cooperate in tﬁeir research?

2. Can diagnostic and prescriptive research in mathematics

education be organized nationally or internationally? T

3. Can dupiication of work apd effort be avoided?

with theae questions it mind and the: cooperation of KEDS GeneraL

Assistance Centeir; Kent State University orgaﬁized the- First National

Conference chu Remedial Mathematics in 1974. 4s a result of this first
conference, papers and reaction papers have been prepared and these

now are pﬁblished and available from ERIC. In my opinion these

was held at Rent State University. A different format was used

“‘No papers were produced and consequently there is no published
material. Ve made and used some video tapes, but I am not gure that
the video tapes are of a quality that we would waiit - to reproduce.

In 1976 the Third N "'onai Conference on Remedifai Mathematics

th the Third National- Conference we con—~ .

was held: In conju

- centrated on resear

4df a result of this conference it was -
§§9i§9§”t° organiz résearch council.. Bill Speer presented to
the group a very compiete bibliography and compiled a dictionary

of terms focusing o the diagnoscic-prescmiptive arena.
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ne&,organization--The,Research Councilffor Diagnostic,and Prescriptive
Mathematics. It was decided gt this 1976 meeting to have membership
open to all interested individuals--mathematics teachers, supe: ors,
coordinators, mathematics professors, mathematics ‘education pr;§§§
sors, ‘and researchers.

Wﬁere 555 ﬁe today° Where are we headed? We now are a group

membership. ‘ _ p

-

I would like to blue sky with you for a few minutes and project
as to what I see as our future. *I am not\interested in sheer numbers
of members. I am interested in sincere, dedicated, humane individuals
who. are willing t> cooperate, to develop new and excitiug research,

and to help people learn -mathemrtics.’ :

In my opinion the most important position- that has been estab-

i1ished by our new Constitution is the Vice-President for Research.
This,position carries with it the task of helping:.all of us coopera-
tivéli 6tgéﬁiié résearch 1n ﬁéthéﬁifics édﬁéétibﬁ thrbﬁghbut thé

. within mathematics education., Can we eliminate duplication? Can we

get teams of researchers (such as classrood teachers, supervisors,
coordinators, administrators, ‘and professors) working together in

research projects to solve our problems, to synthesize innovative

approaches, to create insightful diagnostic instruments and diagmnostic

techniques; and to develop, new and interesting material? Can the -

Vice-President for Research organize this united front through the

Research Council for Diagnostic and Prescriptive Matheématics? _Can

much larger problem 80 that all the pieces fit together into one\large,
puzzle? Can we furnish different samples from various parts of the
country? At the Maryland conference we had participants from thirty
five different states, nine Canadian provinces and West Germany.

What would result if some were willing to locate samples of students

‘to participate in a large research project? If each was wiiiing to

use a designated protocol with a sample of children? If each wasl
willing to help collect research data?

I feel we have the dyuamic embryo for the most extensive

- research project ever undertaken and thc potential can be found

in our members. You are the person-power that.is needed. If we
are: organized, if we can define the needed research, thén why can't

we devriop proposals for federai or private foundation funding?”

Visualize what an impact we can bave on mathematics diagnostic and

777777777777777777777 ---.n.q,

prescriptive teaching.

I have shared with you some of my ideas and feelings about our

future. Can we accomplish such a mammoth undertaking? Anything 1is

possibie with a positive attitude; a unfted front, and hard work.

106 -~
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enjoy having each of you working as part of a team.

A united front needs t6 be aévéléﬁéd to organize and to avoid
duplication of research in this area. Diagnostic instruments. necdd .
to _be developed;:techniques of diagnosing need to be developed, and
unique methods '‘of corrective teaching need to be developed. Re-
searchers will be neéeded at all levels—-in. the clinirfand in tae
classroom,. pxofessors, clinicians, snpervisors, ard classroom teachers.

DG you want to be a part of this dynsmic organization? We would “

There is room for everyomne to actively parti;ipate in the Research

Council for Biagnostic and ?rescriptive Mathematics. -

<



