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the terms diai,n)-: iescription (pot ff,tr_quently in de,,crip-

tions of instructional strict:, ;es and in iii,ttuctional management models.

Diagnosis has been defined , i description ot student performance

characteristics relevant to t!e instruction at hand" (Glaser and

Nitko, 1971). Diagno,1,- cribed as a prone ". ,.to gather infor-

mat ion that may be helptul in P-aking treatment decisions" (Della-

Ciana, lqb6). -;11,er 1,-es the term diagnosi,. in the context

of interpreting individual performance on achievement tests and pre-

scribing remedial asBignments. Glaser and Nitko (1971) offer a second

definition of diagnosis as a decision concerning teaching technique

appropriate for an individual. Kriewall (1969) includes a broader

class of decisions under the rohric "diagnosis and prescription," that

being "to categorize learner, into groups on the basis of their coon

requirement for instructiona. 'reatment." Bloom (Bloom, Hastings,

and Madaus, 1971) a(count,, t,,a some of these variations by distinguishing

between two purposes ot diagno,lis, "...to place the student properly at

the outset of instruction" ,nd, "...to discover the underlying causes

of deficiencies in student lk,irning as instruction unfolds."

['hese reference-; are tut typical of the usig- of the terms "diagnosis

and prescription" in educational literature and, of necessity, have been

quoted out of contest

questions can be posed.

inherently interdependent

0 1,rify the usage of these terms, several

Are the concepts diagnosis and prescription

diagnosis best considered to be a process,

a decision, or both' H.)w 1, tI ignosis related to pl.icement?



rackground pciti,ut .nese que,tion ,onght in the usage of

thee terns in the lith!, edicine and electroul troubleshooting.

Lducational ii 111t been influenced lv medical rhetoric

since the teacher-student re ,tionship is often viewed as akin to

the doctor-patient relit ion bip. Engineerilv reierents also appear

worth consideration, pirt, irlv in an educational R&D context.

Diagnostic. decision ,odcl bre been developed and tested in both

medicine (Ginsberg and flnito tIld, 1968; Betaque and Gorry, 1971; and

(.roit, Plil) and electioni t,oubleshooting remer and Teplitzky, 1969).

Compari ;on of the me intii concepts in these fields to educational

usaoe should facilitate the development of diagnostic procedures and

algorithms in education. Prol,lems found in implementing diagnostic

decision model.; in medicine (r:roft, 1971) may be particularly relevant

to current attempts to teacher; with computer-generated instruc-

tional prescriptions.

The Medical Diagnosis-lreatment Problem

Assume that a patient comes to a physician exhibiting or able to

describe some ,;et 01 . the set of teaihic actions that might

be taken immedlatelv con,i ,t of diagnostic tests, treatments, or simply

doing nothino. ptirrpt diagnostic to , i to verify and quantify

the de:,crlied to dtain further 1:i1 ermation concerning

possible determinant, 4)toms in ordcr to rednce uncertainty in

the predicted ettectivene fach potent ;.ti tieatslent. Assume that

di iznostio te,,t ett t a cure, but involve risk. there

..n,edi,ltI I wit 1101It



diagnostic tests of IT. kind. Phis is done under ,everal circumstances:

(1) The observed -vmptom', or %ndrome are an immediate threat to the

patient', eventual recoen 1 ') a particular low risk treatment usually

alleviates the :,ymptovt, and wl itever underlying causes exist and little

tisk is incurred in delayin4 diagnosis if, in fact, the patient's con-

dition is not typical, And ( the risk associated with potential diag-

no tic tests exceed, the ri k >f an incorrect treatment selection.

Prescription-without-Otinosis certainly occurs in medicine--and

may he quite appropriate. the opposite case, diagnosis-without-prescrip-

tion, t; also common. 'he autopsy is a clear instance of diagnosis-with-

out-prescription or treatment. Let us pursue this no further at this

point, later the question wil' he raised whether there is an educational

analogy to the autop,v.

The Electronic iroubleshoottng Problem

The electronic troubleAooting problem is representative of diagnostic-

decision problem; dealing with electro-mechanical systems (televisions,

automobiles, airplane-., Etc.) that begin with some knowledge that the

performance is matfunctIonal. The diagnostician has initial evidence

that a non-normal state but lacks information about specific

determinants.

Cremer and replitzvy (1404) describe diagnosis in electronics a.4 a

multi-stage proce,,-,

Stage t 'tction strate',Iy.

';t wee II Lttt a, n of symptom or noi,e from a received

datum.
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, )n of ".1.1 I

'dependent

).--Iptor, or nor-,e

tt prE,L

throw* the three t Imes Li tP di a4no,t ician -,hould regard

additional diagno- t es,,ary to reoufe unt ert ainty in predicting

malfunction:,.

As with medical de, i the course of action taken may be pre-

t,cri ption and treatment with _it diagnosis,. It may he more economical

to replace component - that ha e relatively Short lifetimes (vacuum tubes,

spar121-1-/uz,s, ) thin , Ige in a diagno,,tik' process. It such treat-

ment -without-di agno,=1 t t: t ) eliminate the ,ymptoms, diagnosis may

then he required.

Diagnosis-without -pro r ft ion i s a le cormon but import ant

recurrence. The det 1Ld A igat ion into the c ati,.e of an airplane

crash a familiar repair of the airplane is feasible or

intended, but a d ia;Ino :riducted to learn why the crash occurred

in the chance that A nture accident may be prevented. The area of

proces, control , rick i1I , 't) is a less, pub 1 ici zed case of diagnosis-

without-treatment. 1nve t ; ng the determinants of failure in an

irrepai rable svct )e in improving the manufacturing process.

A Common Structure to! ,i--Prescript ion

File tollowirw t of the diagnos.i ( ript ion problem,

which 1.)mphas1 zec, the imi :at ii e:t of dee' ,,i on prof_ c,,,,t2s in the three

t vugiw-J,(.1 1,1 lem cmes to the tin-It ion of a do (_ is ion

,ilccr I 1,(' t14 !t 11 ndrome --a re id! ! 7 tpparent set of ympt oms
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A symptam f defined .1. !,urable devi itlon of d ,ystem's behavior

from what is considered to e normal (Ackolf, 1970). A treatment is

any process to which Olt may be a:,,,igned. A prescription is a

decif-ion to a-,ign a sy,tr._ a treatment.

It is asdimed that ta, h the possible causer, for the syndrome

has identifying eharacteritic-,--a set of symptoms. Each possible cause

(,disease, malfunction, or disability) is treated as a state; the system

is assumed to he' vIg in one of the states. The syndrome is an indica-

tion that the actual state io an undesirable one; syndrome evidence may

delimit the set of possible states, but, typically several states remain

as probable causes

Diagnosis is a cyclic, three-stage process of (1) test selection,

(2) symptom detection, and ( ) probable state evaluation. Tests are

elected that are valid measures of symptoms which discriminate among

the states currently considered as possible causes. Symptom detection

is a decision that a ,vmptom or is not present; it may in some instances

he expressed as a probaillt- or a confidence measure. Probable state

evaluation is A listing of dates currently considered probable and an

estimation of the relative 1;velihood of these state,.

A prescriptive procedure or algorithm uses as input the current

diagno,,tic information Ind ,_onliders the cost, risk (if any), and pre-

dicted effectiveness of each potential treatment. In addition to the

set of potential treatment., alternative is to engage in another

cycle of the diagno=tic pr=y= e--, and a second is to do nothing. fhe

entire proce,,, 71,i'v he .tT tt.'d if the selected tryitments do not cau,,u

its system to a.sume , de le state.

7
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the nos i -" a' , a ,-;pec i al case

at thi, genertl, ,m criptive 1 ion piohlem. It is

1)f.: i 1 to at ,-, A )1) 1 f f 1 t he di aknost 1 c

cycle terminate, with the 11,-; ification of A single probable cause,

or (Z1 if the prescriptive pro,cdure consider', only the most likely

system stlte. C'Kimple,, can readily be envisioned in which a prescrip-

tion which consider' only the -:lost likely cltse produces disasterous

result,. A doctor will trequently prescribe a "safe" treatment to

avoid the risk of a retativel- improbable disease.

Educational Prescription-ith

What would he the consequences of adopting the preceding definitions

of diagnosi,, and prescription for educational usage? It is apparent that

one of the current educational applications of the diagnostic metaphor--

placing the student it the outset of instruct ion - -does not fit the

definit ions. ihcre t, no ii ii,.l lel in electronic,' troubleshooting to

this placement problem, for the doctor-patient relationship, the area

of preventive medicine -eems most comparable_

There seem' to he i fund imental difference between educational

decision,. and pre,criptioin in medicine or troubleshooting. Educational

decision, Are made in hement context , i.e., in the context of

makinc ettective u,e ,hoot resources to ichieve instructional goals.

Prescription, matte tc, i , I it a technic' in are usually made in an

interventionist conte-,t ion'; based on diag,ro',is tend to be selec-

;

tion deci,lons--thc r ,1,1,,,,n1 of an individual to oue d set of



feaible treatment person, arc divided among two or

more groups will( h' are to different: is treatments (Cronbach

and (;1(2,,er,

the problem of placinv the student at the outset of instruction

a general assignment problem, only in very special cases can it be

treated as either pure ;election or placement. It may eventually be

teasible to make many different types of assignment decisions simulta-

neously (Besel, 1971), but at present, placement and selection decisions

must be made sequentially, the process of gathering information to be

used in making placement (1t -ions can be given the name, student

characterization. Student Aaracterization may involve the measurement

of a wide range of p,o-chologic 0 variables: aptitudes, learning style,

traits such as intelligence, achievement indicies. These form a descrip-

tion of individual student strengths and individual differences rather

than a summary of deficiencies and disabilities. Diagnosis is concerned

with the pathological--with an answer to the question, "Why has an instruc-

tional treatment failed!" The characterization process seems sufficiently

different from the diagnostic process to merit separate conceptualization

and terminology.

A second case of prescription- without diagnosis is the assignment of

'students to remedial instruction based solely on lower-than-desired

score; on a performance measure. This is a result of treating the per-

tormance measure a,, a med.ure of a syndrome rather than as part of the

diagnostic process the performance measure thus may result in a pro-

ficiency (desired t_atei or non-proficiency (undesirable state) decision.

10
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At till,. point, eitht pre-, tton of reTic(!' in,truction or englging

in a diagnostic proLe-,, to 1:e,,tigate uuderlytr4 Law-es for the syndrome

are feasible alt ern at iye:.

Fhe concept of a "prts,.- ,q,mV tAckoft, 1970) leads to a third

tn.,tance of prescrIption-wItl.,at-diagnosis. A pr,_symptom is a predictor

ot a future symptom. If a ,t,!dent, durink: an instructional activity,

gives some verbal or non - verbal indication that he has failed to grasp
1

a concept, it may he a valid predictor of non-mastery performance on a

future performance measure. At that instimi, further investigation of

symptoms may be neither possible nor needed. The prescription of remedial

activities, review, or repetition of instruction may be feasible without

intervening diagnosis. Systematic identification of valid presymptoms

is a potentially fruitful area for educational, research.

Educational Diagnosis-Without-Prescription

Kuhi4 (1967) has asserted that "...any forward movement in education

waits for education to devel(p its own corps of pathologists with courage

to study its failure,." He credits accountability at the autopsy table

as a motivating torre--testiting in rapid progress in identifying

diseases and discoverin.; cure and preventatives. It seems simplistic

to assume that ,:chool- ,an 11,,titutionalize an educational analog of

the autopsy. A school rtrel inows the extent ot its failures; to

systematically assess the -uccesses and failures of a school would

impose a monumental ta4. Even if a criterion for "success" could be

developed, identifying; tau c-, for failure within the complex and uncon-

trollable environment -pool would require an unreasonable expenditure

of eftort.

11
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A ,'R,re r.2il/ L;1,1 I -without-

pre-,cription t ru, t Ion t i t I opt t IIt but z, 70 1.

When in in .tint tion 1)1-,,J1 ,n on e I i te.tlpmentol stage, it is

unlikely the reit!zeJ 'ly gill, Art oAturately known and the

mo-d,ure, needtd to /: tt t r .trident-, toi plotement hive riot been

validated or even de .hould he e,pe/-ted tli,it some Itudents

u-ing the progrim will t achieve dt,'ired performance standards,

i.e., edlibit vndrr./.. ,t it is most unlike!, that diagnostic tests

lnd procedures which identify the cause or le irning disability

will already cti,,t sped in time to help Hi students first

exhibiting the syndrome. It uld, furthtrmore, 1,t entirely impractical

to develop remedial in tructl )nal treatment,, in anticipation of learning

problems 1,,,hotch rarely occur. hiagnosis mtv,t, of necessity, he done

piecemeal--with what-sfer (ai are available--with no expectation of making

pre,,criptions for the particular students involved: Within the relatively

narrow context of an instructional program, detailed investigation of

individual student failure,. 1, practical and profitable.

The development of oecf ion procedures for an instructional program

may he viewed as an ,ln, itnary process. l]arly in development, there

is likely to be predomin,/,/tIv diagnosis- without - prescription and prescrip-

tion-without-diagnosi (prel,cribing remediation directly from evidence

of non-mastery). As dtagno,,tic procedures are developed and alternative

instructional treAtmkult . Ark' ilidated, the occurrence of diagnosis-

without-prescription wilf accompanied with an increase in

diagno,d-prescription. Dement procedure ,- -based on knowledge of

1"ti
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required entr. 4.111 .0Yery of dittLtentiol treatment/learner-

characteristic, rel ,t ion hi- -are developed, the occurrence of prescrip-

tions ba,ed on diav,no 1 't reduced i n t it quell( however, the fact

that the required entry J ire known in(i iii be mea,aired does not

imply that they must tlw tc be prior to in,truction. If a

deficiency in a particular enti infrequent for the student

population, it may prose to he cost-effective to begin instruction,

and with frequent pertormance evaluation, diagnose those students

exhibiting the syndromo characteristic of deficien-y in the entry skill.

It is either naive or egotistical to assume that developmental

stages can be bypassed penlitting initial implementation of valid place-

ment procedures. Rf 'lance on placement in instructional management

assumes that instruction can function effectively as an "open-loop"

system. Such an approach requires the capability of assigning pupils

to in,,tructional activities with guaranteed success. Valid placement

procedures require predictive capability; instability or change in

student population, in,truttimal material, or procedures tend to reduce

this capability.

Diagnosis-prescript iop procedures are characteristic of "closed-loop"

instructional y.tem . l'roer implementation of diagnosis-prescription

requires valid certective oi remedial instructional activities.

Effective placement procedures can reduce the amount ofstudent

time spent in corrective :,(_ti%ities; retaining diagnosis-prescription

procedures can sotten the ,on.equences of plakement errors and permit

variations or rest L,1 i tructional material,, end methods. It is

13
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probably possible to develop oi effective instructional system which

has strong placement Ind weak diagnosis- prescription capabilities or

vice-versa, but if efficient use of student time is considered, a

combination of placement and diagnosis - prescription promises to be

cost-effective.

Diagnosis and Prescription for Instructional Groups

Up to this point it has been implied that diagnosis-prescription

refers to decisions made about individuals. The defined structure for

a diagnostic problem would seem to apply to an instructional group,

i.e., the group is the system for which prescriptions are made rather

than the individual. While there is no apparent medical analogy, there

are instructional goals for which assessment at the individual student

level is either impractical or not meaningful. Group process goals,

attitudes, and interests ace cited as examples. It may also be impractical

or counterproductive in terms of socialization goals to continually re-

group students or rely on individualized modes of instruction. Group

prescription of review, drill and practice with specified content, in-

creased redundancy or Atered pace of instruction could all be based on

group diagnostic information. In fact, this group diagnostic informa-

tion may he more rellible tl,mn comparable information concerning individual

learning disabilities.

Educational Diagnosis-PrescrIption in Perspective

While it could well he thit conceptualizations of instructional

systems can avoid the diavno'j,-prescription paradigm, this approach to



13

instructional management doe,. Appear to 1,ive cost-effecti.:e. promise.

Emphasis on diagnosis, with ,r without prescription, during program

development should accelc:r!te progress as compared to test and discard

procedures. Diagnostic tests in education are relatively cheap both

to construct and to administer and rarely raise the side-effect hazards

of medical diagnosis. The management context of instruction which

complicates the assignment-to-treatment problem has a bright side:

measurement already needed for performance evaluation (quality control)

and program evaluation (process control) may, if designed properly,

yield diagnostic information--if so analyzed.

Treatments in the troubleshooting context can generally be clas-

sified as either replacement or repair of a malfunctioning component.

Preventive maintenance is the special case of replacement in the absence

syndrome evidence. In medicine, most surgical treatments are com-

parable to component repair; usages of artificial limbs and organ

transplants are akin to replacement of components. Medical treatments

which have no troubleshooting analog include the injection of antibiotics,

special diets and group psychiatric therapy. There would seem to be

educational analogs, within the scope of instructional activities, to

most of these troubleshooting and medical treatments.

The unrealized potential exists that instructional treatments could

be generated--perhaps with computer assistance--rather than selected. An

instructional program with a validated diagnosis-prescriptive capability

would appear most able to capitalize on this potential. Students could

be assigned to initial instruction geared to a rapid pace and low



redundancy. For tho,t. ,,tudentc, requiring additional instruction or

practice, diagndstic information could form the basis ftr computer

generated "second instruction."

Various combination:, of diagnosis-prescription, prescription -with-

out diagnosis and diagnosi,without-prescription provide viable alterna-

tives to the much publicized: pretest-.4placementlindividualized

instruction--,posttest paradigm. The choice is not diagnosis-prescrip-

tion or pretest-placement. The challenge is to design instructional

systems which exploit both paradigms.

S
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