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DIACNC T PRESCRIPTION TN FHIT 0N
O} INSTRTCTTONAL MANACEMEN]

IThe terms draens-: v cuescription appoar fregquent ly in descrip-
tions of instructional <trite.:es and in s truct ional mangagement models,
Diagnosis has been detfined . "1 description ot student pertormance
characteristics relevant tu the instruction at hand" (Glaser and
Nitko, 1971), Diagnosi- i+ Jde cribed as a proce.. " . ,to gather infor-
mation that may be helptu! in raking treatment decisions' (Della-
Prana, o), Sitleer (1973 o.es the term diaunosis in the context
of interpreting individual performance on achievement tests and pre-
scribing remedial assignment.. Glaser and Nitko (1371) offer a second
definition of diagnosis as a decision concerning teaching technique
appropriate for an individual. Kriewall (1969) includes a broader
class of decision~ under the rvhric "diagnosis and prescription,” that

learner . into groups on the basis of their comnon

being '"to categorize
requirement for instructiona. ’'reatment.” Bloom (Bloom, Hastings,
and Madaus, 1Y471) accounts 1.1 wome of these variations by distinguishing
between two purposes ot diagnosis, "...to place the student properly at
the outset of instruction” .nd, ",...to discover the underlying causes
of deticiencies in student learning as instruction unfolds,"

These references are hut tvpical of the usiz~ of the terms "diagnosis
and prescription' in educaticnal literature and, of necessity, have been
quoted out of context 10 1. ify the usage of thece terms, several

<

gquestions can be poscd. Arve the concepts diagnosis and prescription

inherentlv interdependent’ [ diagnosis best considered to be a process,

a decision, or both’ How 1 driignosis related to placement?

£
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Backeround pertitent @ ese gque tion owo, songht in the usage of
these terns 1n the 11eld . o edicine and electronic troubleshooting.
Lducat tonal uoage typiol 11y 8. been influenced tv medical rhetoric
~ince the teacher-otudent rei rionship is often viewed as akin to
the doctor-patient relstion rip, Engineerine reterents also appear
worth consideration, pirt. v arly ip an educational RaD context,
Dragnostic decizion made!l . b been developed and tested in both
medicine (Ginsbery and o¢1en «nd, 1968; Betaque and Gorry, 1971; and
Crott, 14/1) and elections  troubleshootiny i remer and Teplitzky, 1969).
Comparison of the wme mine . the concepts in these fields to educational
usaye should tacilitate the development of diagnostic procedures and
algorithms in education. Prohlems found in implementing diagnostic
decision models in medicine (Mroft, 1971) may be particularly relevant
to current actempts to a-si-t teachers with computer-zenerated instruc-

tional prescriptions.

The Medical Diagnosis-Treatment Problem

Awsume that a patient comes to a physician exhibiting or able to
describe wome set ot -yupton . lhe set of teasitbie actions that might
bhe tuken immediatelv consi.t ot diagnostic tests, treatments, or simply

doing nothing. ibe purpre ¢ diagnostic te.t. i tn verify and quantify

the descerifed amwpton vl ro rtain further soyormation concerning
possible determinant - ot i aptoms in order to redoce uncertdinty in
the predicted etiect fvene © tach potent .l treatwent, Ascume that

oAl lemostic teot anmot erte tg cure, but ma o involve rick, I'here

(ot : G . voorite e e emediate Vo withont
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diagnostic tests ol my kirnd. This is done under several circumstances:
(1) The ob.erved -vmptom:, or .ndrome are an immediate threat to the
patient's eventual recoversy, '3 a particular low risk treatment usually
alleviates the ~ymptow- and w! itever underlying causes exist and little
r1sh 1o incurred in delaving diagnosis if, in fact, the patient's con-
dition is not typical, and (' the risk associated with potential diag-
no tic tests exceed- the rik of an incorrect treatment selection,
Prescription-without-di .onosis certainly occurs in medicine--and
may be quite appropriate, The opposite case, diagnosis-without-prescrip-
tion, 1s also common. lhe autopsy is a clear instance of diagnosis-with-
out-prescription or treatment. Let us pursue this no further at this

point, later the quect,on wil' be raised whether there i{s an educational

analogy to the autop-v.

The Electronic Troubleshooting Problem

The electronic trouble:hooting problem is representative of diagnostic-
decision problems dealing with electro-mechanical systems (televisions,
automobiles, airplane-, ete.) that begin with some knowledge that the
performance is malfunctional. The diagnostician has initial evidence
that 4 non-normal state exi-te but lacks information about specific
determinants,

Cremer and Teplitzey (1969) describe diagnosis in electronics as a
multi-stage proce~-

Stage 1 »t- ¢ 'votion strateuy,
Stage 11 ! tron of symptom or noi-e from 4 received

o datum,




. Stowe b 0 snoof mal o o wrmiptore ar nolse

These ~tuges gre ot os 00 wependent oo oLem o proce comay ovele

g

throush the three vl times i tre adiapnoatician should regard
additional diagno-tic o0, 3 Leseary te recuce uncertainty in predicting
malfunctions,

As with medicai deci-ionw, the course ot action taken may be pre-

«cription and treatment without diagnosis, It may be more economical
to replace component~ that lbave relatively short lifetimes (vacuum tubes,
spa;ﬁp&nus, etc,) than to « e in a diagnostic process., It such treat-
ment -without-diagnosi- t 1t eliminate the symptoms, diagnosis may
then he required.

. Diagnosis-without-pre.cription is a lews comnon but important

scecurrence, The detaricd 1o

~

.tigation into the cauce of an airplane
crash i»> a familiar e~.mple. 0 repair of the airplane i{s feasible or
intended, but a diagno-i i . :nducted to learn why the crash occurred
in the chance that a4 tuture iccident may be prevented. The area of
process contrel kriewsll, 19+49) is a less publicized case of diagnosis-
1

without-treatment. Inve .tirating the determinants ot tailure in an

irrepairable svsten man re 1t in improving the manufacturing process,

A Common Structure tor D agn .1--Prescription

The tollowingy tractmitoe of the diagnow{ .-pre cription problenm,

which emphasizes the <imifarit (et of deciwion proceswes in the three

rielda, 1+ cugpe-ted eowr lem comes to the attention of a decision
Maker by the evoden oy 7 ndrome--a rewdi !y apparent set of ~ymptoms.

[l{TC (§)

Aruitoxt provided by Eic:




‘ A &;ym;nmr: i« defined a. a1 wx r,urable devr ation ot a4 .vstem's hehavior
rrom what 1s considered to b normal (Ackotf, 1970)., A treatment is
any process to which the - t-= may be ancigned., A prescription 15 a
decision to a--ign a svatew t¢ a treatment,

It is as.umed that ca it 1 the possible causes tor the syndrome
has identifving characteristic.--a set of symptoms. Each possible cause
(disease, malfunction, or disability) is treated as a state; the system

is assumed to be’smg in one ot the states. The syndrowme is an indica-
tion that the actual state i, an undesirable one; syndrome evidence may
delimit the set of possible <tates, but, typically several states remain
as probable causes

Diagnosis is 4 c¢yclic, three-stage process of (1) test selection,

. (2) symptom detection, and (3) probable state evaluation, Tests are
~2lected that are valid measures of symptoms which discriminate among
the <tates currently considered as possible causes. Symptom detection
i< a decision that a .ymptum i< or is not present; it may in some instances
be expressed as .1 probabil:t— or a confidence measure, Probable state
evaluation is 1 listing ot -~t.ates currentlv considered probable and an
estimation of the relatjve livelihood of there states,

A prescriptive procedure or algorithm uses as input the current
diagnostic information ind <eonsiders the cost, risk (if any), and pre-
dicted effectiveness of each potential treatment., In addition to the
set of potential treatment., ¢ alternative {s to engage in another
cycle of the diagno:tic prive~s and a second is to do nothing, The
entire proces s may be ,ter gted if the selected treatments do not cause

‘ tte system to a.sumne o de -t le state,

7
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Diavnosi-=Prescription Decision Sequence

hiagno-tic tycle

Fneage Feot robable
. 3 , S ~
in K State
, selection .
diaunost- valuation

Test

Reliability

Lvidence I'rescriptive Alvorithms
of a or Procedures
Syndrome
Re-enter
diagnostic
cycle

Relatise likeli-
hoad ot probable
i1 ~tates

As~ign=
ments to Treatments
Jreatments

(a) Predretsd ettective=
hes~ ot cach treatment, pa No Treat -
ounditionsdl on ~ystem / ment
ktate, (b) fost and risk
pf{ treatments, l
{¢) Resource tonstraints 4 . l
|
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The usaze o fhe o cnosi-" oas 0 1 1om 1. a4 special case
ot thi. general, oo 0 couriptive deororou problem, It is
permi 1bhle to wocd ' ba1sods d e toaon 1t o Dy the draguostac

cycle terminates with the (1eesification ot a single probable cause,
or (Vv 1 f the preseriptive proccedure considers only the most likely
system stoate, txmples cun readily be envisioned in which a prescrip-
ti1on which considere onl!v the nost likely cidfise produces disasterous

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

avoid the risk of a4 relativel improbable disease,

Fducational Prescription-with ut-Diagnosis

What would be the consequences of adopting the preceding definitions
of diagnosis and prescription for educatiomal usage? 1Tt is apparent that
one ot the current educational applications of the diagnostic metaphor--
nlacing the student it the out.et of instruction--does not fit the
definitions. ihere i. no pirallel in electronice troubleshooting to
thic placement problem, tor the doctor-patient relationship, the area
of preventive medicine -ceems most comparable.

There seem: to be 1 fundimental difference between educational
decision« and prescription: 1n medicine or t roubleshooting, Fducational
deciaions are made in ¢ un L ement context, i.e., 1n the context of —~
makim eftective e ot . hool resources to 1wchieve instructional goals,
Preccription. made by 1 ot Hroa technici i are usually made in an
interventionist conte-t .+ tons based on diacto-is tend to be celec-

;
tion decisions--the & .reomment of an individual to one «\)f 4 set of
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feasible treatment .. v o'« <ment, person. are divided among two or
more groups which are ¢ 1.0 to different: . treatments (Cronbach
and Gleser, lynio,

fhe problem ot placing the student at the outset of imstruction
i~ a gencral assignment probiem, 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 devr-i1ons can be given the name, student
characterization, Student characterization may involve the measurement
of a wide range of psirhnlogicil variables: aptitudes, learning style,
traits such as intelliwence, achievement indicies, These form a descrip-
tion of individual student strengths and individual differences rather
than a summary of deficiencies and disabilities., Diagnosis is conéerned
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 terminolouy,

A second ca.e of prescription-without-diagnosis is the assignment of

‘student s to remedial in-truction based solely on Jower-than-desired

scores on a performance measure, This is a result of treating the per-
L

tormance measure ds o mea~urc of a syndrome rather than as part of the

diragno«tic process fhe pertormance measure thus may result in a pro-

ficifency (desired state) or non-proficiency (undesirable state) decision.

10
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At thi< point, ei1ther pre-cr  tron of resed: i instruction or eng)ging

in a diagnostic proces. to Jruestigate underlying < auses for the syndrome

are feaoible alternatives,

The concept of a "presv ptom” (Ackofr, 1970) leads to a third
instance of prescription-witl out-diagnosi->. A prosymptom is a predictor
ot a future symptom, I a -tndent, during an instructional activity,
gives some verbal or non-verbul indication that he has failed to grasp

Y
a concept, 1t mav be a valid predietor of non-mastery performance on a
future performance measure, At that instani, further investigation of
symptoms may be neither poussible 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 fruit:iul area for educational research,

Fducational Diagnosis-Without-Prescription

Kubféf(l9h7) has asserted that ", ..any forward movement in education
waits for education to develop its own corps of pathologists with courage
to studvy its railure.."” 1le credits accountability it the autopsy table
as a motivating torces-restiting in rapid progress in identifying
diseases and discovering cure and preventatives, It seems simplistic
to assume that school- <an rnstitutionalize an educational analog of
the autopsy. A schooi rrel - tnows the extent ol its failures; to
systematically asse.s the -uccesses and failures of a school would

"success' could be

1mpose a monumental task., Lven if a4 criterion for
developed, 1dentifyiig «au e- tor failure within the complex and uncon-

trollable environment o+ o - -hoaol would require an unreasonable expenditure

ot eftort.

11




A oriore lieea o et e redall 1t ! -without-

pre~cription fo provc croat. L0 truction o oo lopment anchutz, 14700,

When noanctoae tron gl o ©oon oan e b decelapmental stage, 1t is

unlikely thar the e e >«11ls are accurately known and the

Y

mea ure . needod to b w1 ¢ Ltudents tor placement have not been

validatred or even de qirnen, t hould be evpected that some «tudents

e devired performance standards,

u-ing the program will ti11. ¢ achieve t

i.e,, e<hibit svndrme -, 0 1t 15 most unlikelsy that diagnostic tests

ind procedures which will identify the cause or leirning disability

1

will already e<i<t 1 oc a-«loped in tire to help the students first

v

exhibitiny the svndrome, 't~ uld, furthermore, b entireiy impractical
to deveiop remedial i1n tructisnagl treatments in anticipation of learning
problems whach rarely occeur. Diagnosls must, of necessity, be done -
piccemeal--with what=ver dat: dre available--with no expectation of making
prescriptions for the particular students involved  Within the relatively
narrow context o!f an iunstructional program, detailed investigation of
individual student failure- i, practical and profitable,

The devg}opment ot deci1 ion procedures for an instructional program

1
i

mav be viewed as an »: luticnary process. tarly in development, there

fs likely to be predominantlv diagmosis-without-prescription and prescrip-
tion-without-diagnosi- tprescribing remediation directly from evidence

of non-masterv), As diagnostic procedures are developed and alternative
instructional treat-wnt . qrw- ilidated, the occeurrence of diagnosis-
without-preccription witl «iminish accompanied with an increase in

diagno<is~-prescription, A ! icement procedure,--based on knowledge of

(A ]
As
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required entry ~hi1ll  md 1 Lovery of diffcrential treatment/learner-

characterictic, reltion hiou--are developed, the occurrence of prescrip-

tions based on diavnio v+ 0 e reduced 1n

that the required entrv sk, i'  yre known

frequency,  However, the fact

md (an be measured does not

imply that they must ilw v be anser«sd prior to 1nstruction. 1f a

deficiency in a particular enty .

infrequent for the student

population, it mav prove to be cost-eflective to begin instruction,

and with frequent per!ormance evaluation,
exhibiting the svndrome characteristic of
It is either naive or egotistical to

stages can be bvpassed permitting initial

diagnose those students
deficier~y in the entry skill,
assume that developmental

implementation of valid place-

ment procedures. Re 1ance ou placement in instructional management

assumes that instruction can function effectivelv as an "open-loop"
system, Such an approach requires the capability of assigning pupils

to inetructional activities with guaranteed success, Valid placement
procédures require predictive capability; instability or change in
student population, in.truti nal materiuls or procedures tend to reduce
this capability,

D%agnociq-prewcriptiav procedures are characteristic of "closed-loop"
instructicnal -vstem-, troper implementation of diagnosis-prescription
requires valid corrective o1 vremedial instructional activities,

Effective placement procedures can reduce the amount of 'student
time spent in corrective activities; retaining diagnosis-prescription

procedures can sotten the con.equences ot placement ervrors and permit

variations or revi io1 > 1 tructional materials ind merhods. It is

13
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probably possible to develop wm effective in-tructional system which
has strong placement nd weak diagnosis-pre<cription capabilities or
vice-versa, but if efricient use of student time is considered, a
combindtion of placement and diagnoesis-prescription promises to be

cost-etffective,

Diagnosis and Prescription Vfor Instructional Groups

Up to this point it has been implied that diagnosis-prescription
reters to decisions made about individuals., The defined structure for
a diagnostic problem would seem to apply to an instructional group,
1.e., the group is the syster 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 acre cited as examples. It may also be impractical
or counterproductive in terms of socialization goals to continually re-
group students or relv en individualized modes of instruction. Group
prescription of review, drill and practice with specified content, in-
creased redundancy or .ltered pace of instruction could all be based on
group diagnostic information. In fact, this grcup diagnostic informa-
tion may be more reliable than comparable information concerning individual

learning disabiifties,

Educational Diagnosis-Prescription in Perspective

While it could weli be th it conceptualizations ot instructional

systems can avoid the diagnc-i.-prescription paradigm, this approach to
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L3

instructional management doe« appear to bive cost-effective promise,
Emphasis on diagnosis, with »r without prescription, during program
developmé;; should acceler ite progress as compdared 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
of syndrome evidence. 1In medicine, most surgical treatments are coum-
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




e

' redundancy. For tho,e students requiring adcitipnal instruction or
practice, diagnostic 1nformation could form the basis f¢r computer
generated "second instruction,"

Various combination- o! Jdiagnosis-prescription, prescription-with-
oug‘diagnOSis and diagnosis-without-prescription provide viable alterna-
tives to the much publicized: pretest—pplacement =pindividualized
instruction —yposttest paradigm. The choice is not diagnosis-prescrip-
tion or pretest-piacement. The challenge is to design instructional

systems which exploit both paradigms.

e
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