DOCUMENT RESUME

ED 238 935 ' g ™™™ 840 037

AUTHOR ) Herman, Joan; Webb, Noreen
TITLE Item S*ructures for D1agnost1c Testzng Methodology
: Project.
INSTITUTION California Unzv., Los Angeles. Center for the Study
N - of Evaluation,.
PONS AGENCY National Inst. of Educatzon {ED), Washington, DC.
PUB DATE - 30 Nov 83 - ‘
- GRANT NIE-G- 83 0001 ‘ h §
NOTE ® 119p. 7 -
PUB T§ - Reports - Research/Technzcal (143)
EDRS PRICE\ MF01/PC05 Plus Postage.
" DESCRIPTORS® *Diagnostic Tests; *Educational Improvement;

L Elementary Secondary Education; *Evaluation Methods;
Language Arts; Models; School Districts; Sciences;
*Student Problems; *Test Construction; Test Items;
. Test Results; Test Use

ABSTRACT -

This paper describes a four-step approach to
constructing a dzagnostzc test that provides precise but practical
information on students' problems and needs for additional
instruction or remediation. The approach is based on analyzing the
structure of the domain to determine which skills within the domain
need to be assessed to diagnose students' problems. The four steps ¢
include: (1) identifying the factors that describe the curricular
domain, (2) constructing a test with items representing all possible
combinations of content and cognitive factors, (3) determining which
factors and interactions among them produced variations in students

- scores using generalizability theory, and (4) determining the minimum
number of items needed to obtain a generalizable measure of each
skill in the dxagnostxc profile. This paper contains three studies:
"Optimizing the Diagnestic Power of Tests: An Illustration from
Language Arts," by Noreen Webb, Joan Herman, and Beverly Cabello;
"Diagnosing Student Errors: An Example from Science," by Steve Shaha;
and, "Task Structure Design: Beyond Linkage," by Eva Baker and Joan
Herman. Two of these studies explicity address problems related to
the design of diagnostic tests; the third considers a conceptual

" model for 1ntegrat1ng testing and instruction. (PN)

7

~

*t**********t*****t*tt**********t****t*f***tt*******t****t*t***********

* Reproductions supplied by EDRS are the best that can ‘be made *

* from the original document. - %
*t*****t*t***********t**********ﬂ*****t****************t*****t*****t***




VY .
i A\ S
o~ METHODOLOGY PROJECT - A
. O DELIVERABLE - November 30, 1983 .
M ’
QN
() . ITEM STRUCTURES FOR DIAGNOSTIC TESTING
il '
by
Joan Herman and Noreen Webb
. Study Directors
. . U.8. OEPARTMENT OF EOUCATION
NATIONAL INSTITUTE OF EDUCATION
EDUCATIONAL RESOURCES INFORMATION
. CENTER (ERIC)
- , - - ) This document has been reproduced as
& received from the person or organization
) originating it.

[] Minor changes have been made to improve
reproduction quality.

® Points of view or opinions stated in this docu-
~ ment do not necessarily represent official NIE
h position or policy.

-

Graﬁt Number

NIE-G-83-0001
«PERMISSION TO REPRODUCE THIS
. MATERIAL HAS BEEN GRANTED BYW.‘
N 3 C,) , CDr‘ﬁ,‘p., R

°

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)."

4

Center for the Study of Evaluation
UCLA Graduate School of Education
Los Angeles, California -

72% iyo 037

oo




- PREFACE
g,

CSE's Methodo]ogy ProJect dur1ng FY1983 had two primary .emphasis:
diagnostic testing and comprehens1ve evaluation systems for local
school 1mprovement. Within the former area, CSE conducted a series-of
research activities to inVestigate the fgasibi1ity and potential of

~diagnostic_testing for classroom use. Preparatory to_ the devé]opment .

of a revised m1crocomputer-a1ded diagnostic test1ng system, the
.research addressed 1ssues in test design and ana]ys1s and in the
potential and app11cat1ons of a]terng;1ve mode]s of diagnoS1s. The
results of each of these inquiries is reported separately. 7
This document reports on CSE'S research efforts fnrthe area of
test design. Of the thnge studies inc]uded here, twerxp1fcit1y
address prob]ems related to the design of diagnostic tests; the third
”ééﬁééaéks"a'cbnéébiuai mode] for 1ntegrat1ng testing and instruction.
The first paper, "Optimizing the Diagnostic Power of Tests: An
I1lustration from Language Arts," investigates strategies for
improving the diagnostic power of test 1tems so that they provide more
precise but practical 1nformat1on on students prob]ems and needs.
” Based on a domain-referenced qpproach, the study examines factors
whicn may be diagnosticaTTy usefo1 in profiling students' performance
.and exp]ores methods for ana]yzing and structuring diagrostic tests.
The second paper, "Diagnosing Student Errors. An Example from
Science," 1nvestigates the effects of cognitive level on student test

performance and examines the utility of particular error types in

characterizing student strengths and weaknesses.



The final paper, "Task Structure Design: Beyond Linkage"
presents a conceptual model. for designing testing to maximize the

integration of testing and instruction and to maximize the utility of

test results for instructional decisionmaking.
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Introduction

Assessment has an integral role to piay in the improvement of n
instructiona1 practice. MaStery learning strategies (Bloom, 1976;
Block, 1971), systematic instruction (Popham and Baker; 1976),
individualized instruction (Glaser, 1970; K]ausmeier 1976); clinical
teaching (Hunter, 1983) and effective schooling (Edmonds,
1981) aJ1.point to the importance of assessment in diagnosing
students'’ strengthsland weaknesses, in monitoring their progress
throughxthe curriculum, in providing_instruction that'is tailored to
instructiona1 needs and goa]s and thus in enhancing studelt
achievement. The under1ying theory derives from a system§ view of
education and suggests that if teachers are to maximize their
students' learning, they need to: plan instrugtion on the basis of
the needs of individual or groups of students; to monitor their .
progress; to determine whetherﬁremediation is required° and to
evaluate outcomes to assess the success of instruction, as well as

needs for modification and students' readiness for succeeding work.

Diagnosis and prescription is thus a recurring concern throughout
the instructional process and is central to its success. Yet despite
its importance, the assessment too]s teachers have avai]ab]e for such
a process are really quite limited. While so-ca11ed diagnostic tests
do exist, the level of information they provide is less than optima].
A typical diagnostic test in reading, for examp1e may characterize
student. needs by providing a total score and subscores for individuals

and groups in such areas as vocabulary, 1itera1 comprehension, :

;inferentiai comprehension, etc, but such scores offer teachers 1ittle

1av




guidahce regarding the nature of any reading prob1ems or their

bausesi It is left to the teacher to pinpoint why students perform as
they do and to prescribe ins;ruction_accord1ng1y. In contrast to this
global approach, more recent research has taken a molecular view of
the diagnostic problem. Tatsuoka and associates (1980) for example,
havé completed extensive work in diagnosing student performance in a
very narrow mathemat1cs domain (the subtraction of two digit signed
numbers) and have identified the specific m1sconcept1ons and |
difficulties which students manifest in this area, ©.9., six specific
error types related to determining the sign Pf ahswers. While the
advent of c]assroom computer technology may hake such advances‘more

useable in future classroom practice, these f1nd1ngs°prov1de a Tqyel

YRy
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of detail beyond the grasp of today's teachers: a teacher cannot
track a classroom of“students across so many error dimensions for all \;
curricu1ﬁm areas, nor feasibly tailor instruction at this level of ;
specificity. | ‘
The current-study seeks aﬁksntérmediate level for ccnstrﬂcting
and ana1y21ng diagnostic tests for classroom use. It 1nvestigates
' strategies for 1mprov1ng the power of diagnostic instruments so that
they provide more precise but practical information on stude. s -
problems and needs. Bésed on a domain-reférénced approach (Hively et\'
al, 1973; Baker, 1g]ﬁ; Popham 1980), the study examines féctors which
may-be diagnostically useful in characferizing or profiling students
performance across a range of content areas.or domains i.e., factors

which may be used to structure the test domain, which predict and

conceptuaily define item difficu1ty, and which "1ikewise may be used to




structure instructional treatments. The study also explores methods
- for analyzing and structuring diagnostic tests sc that the process is
efficient and conservat{ve of the information load on teachers.
Specifically the study addresses four inter-related. questions:

1. What factors ought to be considered in specifying a test
domain so that the resultant test will provide specific.
instructionally relevant diagnostic information?

2. What analyses procedures can be used to optimally structure a
diagnostic test to provide valid, reliable, and efficient
-profiles of individual and group performance?

3. What additional information can be gained'from an analysis of.
students' wrong answer choices? Can the diagnostic value and
efficiency of the resultant test be 1ncre§sed?

4. Are the subject strategies feasible for classroom use, or do

‘ they require a unrealistic investment in time or an
impractical level of detail? -

_Gn order to address these questioné, we developed an illustrative

test of pronoun use representing factors of interest; administered the .
. / . e

test to a heterogeneous sample of sixth grade students; used
generalizability theory to analyze results ahd suggest an optimal test:
structure; examined the consistency and implications of stu&ents'
distractor choices; and finally reflected on the entire process to
assess feasibility and imp]ications for practice. In the sections,
which follow, we first describe the domain referenced framework which .
guided the test development process and the specific factors which
were chosen for scrutiny, followed by a description of the test, the
ana]ytiéa] approach, and the results of our inquiry.

A Domain Referenced Approach to Test Design

A domain referenced approach to test design starts with the

assumption that the major purpose of testing is fo ‘assess an .

- -
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individual's status with respect toﬁg'skiji or knowtedge domain and
further that valid assessment of . that status requires a thorough |
understanding and specification of the domain to be assessed. The

obJective of assessment, in. other words, needs to be we11 defined to
/,
assure that a test actua11y measures what it 1s intended to measure
/ T~
and that items reflect test content. ‘The definition is reflected in a

-~ domain specification which provides a b1uepr1nt for deveioping test:

1tems and can serve also to target effective instructiona1 sequences.
Wh11e a number of approaches to. domain spec1f1cation have been
proposed al seek to define a p001 of items that represents an

jmportant universe of knowiedge or skiil domain such -that student

A

performance in one set of items drawn from the domain would generaiize

-

to a second set of items and . to the entire.domain. 1? its most highiy
prescribed form, domain specifications*provide an_exhaustivefset of -
ru1es for generating a set of test itemS'(Hive19 etiai; 1973; Osburn,
1968; Millman, 1980) _As more commonly practiCed (and as exemplified’
1n the present study) domain specifications provide a conceptua1 map
of the skill to begassessed inciuding re1evant parameters for
defining the rangJ of eligible content, the response 1eve1 to be

represented 1in the item, item format, directions, and a sampie item

*(Baker‘~1974-—Popham-—1980~vHamb1eton;—1980) .~~f -

e

Regardless of approach,. the identification of re1evant parameters
becomes a centra1 prob1em. Estabiishing content 1imits is an initia1 ‘
concern, most commoniy soived by reference to extant curricuiar

materiai, subject area- speciaiists and/or mutua11y agreed upon goais

and boundaries, -- Or more preferabiy research on the structure of the

f : . §
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knowledge base and the naturevof learning and dege]opment.
Estabhishing response limits, inc1uding criteria for judging
constructed responses and rules for generating incorrect a]ternatives
in selected responses, fixes attention cn the.qua1.ty of expected
performance, the -1evel of response differentiation desired and
systematic error patterns that may be operable. Framed-by linguistic
comp]exity, form of content, anq cognitive comp]exity, test content is
specified to represent the domain ofvinterest (see Baker and Herman,
1983). |
In addition to‘identifjing content parameters which must be

.1nc]uded *to. assure that a test provides a representative picture of a
sk111 diagnostic tests present the additional problem of isolating
factors which inf1uence variations in student performance and predict

. varying levels of ski]] proficiency. in other words, what importgnt

‘ factors withinia:domain‘cause,ah jtem to be more or less difficuit or
azstudent's performance to vary. Items representing these factors
then can be appropriately sampled to produce a test with diagnostic
_uti]ity, 1. e., one which identifies the causes or reasons for students
performance “level. .

_ Hhat variab]es might be useful for constructing such diagnostic
prOfi]es? ‘Research in cognitive psycho]ogy provides some clues. Chi
ahdieiaSer (t280) propose a framework for understanding‘the nature. of

‘ differences between expert and novice performance. Their . framework
characterizes information processing in terms of two components

know]edge or content structure, and cognitive processes components

which are well supported in the research literature. Various authors,

. N - o R R 1}1,
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for example have pointed to the effect of cognitive processing demands
inherent in a task. Principal distinctions have been made for tasks
‘which reouire-storage, association, and retrieval of information
contrasted with tasks requiring BroceSsing of information, including
subord1nat1on, reconfiguration and other adaptive processes (Sp1ro, —
1980; Quenmaiz, 1982). '

Beyond their theoret1ca1 justification, content structcre and
cognitive comp1ex1ty are appea11ng also in terms of their feas1b111ty
for practical use. Teachers of course are well used to dealing with
the structure of content (-- at least as their curriculum or

. instructiona1 materia1s define it), and their coverage of that
content, as research (and intuitive logic) amply demonstrate is
strongly related to student test performance. Cognitive comoiekity,

while perhaps not in the common parlance of classroom teachers, can be

operationally defined to be easily accessible to them.

The present study is derived from the foregoing framework of
domain referenced testing. A diagnostic test was deveioped to assess
one skiii‘within the language arts curricuium. The domain and item
pool were_developed to assess the effects on student performance of

content structure and cognitive complexity to examine their utility.

for constructing diagnostic profiles. _The test deveiopment process is
described in the section which f011ows.
Deveiopment and Administration of the Test

Design of the Test

I3

After selecting language arts as a target area for test

development, local teachers and administrators were asked to indicate

¥ )




* the kinds of grammar problems their students most frequently exhibited
at the upper elementary and junior high'schoo1 grade levels. One of
the most common responses was that students have difficulty with
pronouns part1cu1ar1y in 1dent1fy1ng the correct pronoun referent or
in us1ng pronouns correct1y. They also 1nd1cated that a diagnostic
test of pronoun use would be,bénefic;e1 for their classroom
instrqction. ;ronoun use was therefore selected as an appropriate
'topicifor diagnostic test development. . ’

| Fo11on1n§ tn%.procedures outlined above, 1anguage{currjcu1a,
texts and content experts vere consulted to specify the teot domain.
Specifications of 1inguistic properties, e.g. the recurrence ‘and
complexity and sequencing of the vocabu1ary and phrases were a1so T

1nc1uded to assure that the language would be clear and comprehenL1b1e

1
3

to the test taker and that the test could therefore be a measure
pronoun use rather than reading comprehension, (cee, for example,
Doehring and Au1is, 1979). Distractor rules were developed
systematically to_ reflect common usage errors. The domain' |
specification reflected in particular the tno.factors selected for
inquiry. |

The conﬁent structure factor. The curricu1ar reviem showed that

-

nominative, objective, (including direct object, indirect'object and

object of the preposition) and possessive pronouns appear most
frequently. These five types of pronouns (including the three
objeotive forms) correspond'to rules of gromnar, and are called
pronoun rules in this paper. The review further revealed that the

pronouns corresponding to each rule can also be classified by form,



number and person. fhere are two types of form: ™ relative form -(who
or whom) and non—re1ative form. Number pertains to singular (she) and
p1UraT (they). Person can be of three types: first (i, we), second
(you), and third (he, they) Since items measuring the second person
wou1d have sounded. contrived to the reader, the test deve1oped here
included only the first and third persons.

The cognitive'comp1exity factor. The two levels of cognitive

complexity corresponded to whether students had to use the context of
a reading passage to determine the correct pronoun. In the first
level, the student was presented with a single sentence that included
an under1ined noun(s). The student was to se1ect the pronoun to match-
the underline noun(s). In other words, the pronoun referent was given
and the student need only associate that referent with the correct
pronoun. In the second, more complex level, students were presented
with a short paragraph that inc1uded a blank in the place of one noun;
students needed t0 use the context of the paragraph to identify the |
_referent that was appropriate to the blank and then select the correct

pronoun for that referent The correct pronoun could be determined

only from etements of the paragraph in which the pronoun was

embedded. cOnsequent1y, the test deve10ped here used two 1eve1s of -

Y

embeddedness corresponding to two levels of cognitive complexity;

non-embedded 1tems (a sjng1e sentence) and embedded items (a
- -
paragraph) .
In summary, the test had f1ve pronoun factors including four
| representing content structure-and one representing. cogn1t1ve '

comp1ex1ty: pronoun rule (nominative, three types of objective,

17



possessive), pronoun form (ré]ative, non-relative), pronoun number
{singular, plural), prondun person (first, third), and embeddedness of
the‘pronoun (single sentence, paragraph).

Structure of the test. To investigate the impact of each factor

on test performance, items were generated for as many combinations of
the factors as possible. For each combination, two parallel items
were written. The idea1 test would have 1tems~for every combination
of the five factors. Since the form, embeddeqness, person, and
factors each had two 1eve1suahdvthe rule factorwhad.five“1eve1s, a
complete test wod1q have 80 (2 X 5) combinatfons. Ho;ever, for

several combinations of factors, sensible items Ebu{d not be written.
First, non-embedded 1tgm§ could not be writﬁenfto elicit singular
first person pronouns (i, me, or my). Second, 1tems testing the
relative fofm of first—perqu pronouns would have been_coﬁtrived.“
Third, there exist no re1at1ve'form of possessive pronouns. Excluding
“these combinations of factors leaves 46 comb{nations. Since two
parallel items wé;e written_for each combination, the tota1»tes£ had
92 items. The total design‘of the test is presentéq_inrfab1e 1. |

The analytic app;oach”uSéddhéFé'tb aha]yze the test structure

rgl;équires a fully cros ?d; balance design. .Since the désign'of the
total test was unbalanced--34 cells in Table 1 are empty--it was
necessary to divide the total design into three f011y crossed,
~balanced designs-to represént all cells in the design. Design 'l .
represented the combinatfon of five factors: fof (2 1gve1s)ﬁ
embeddedness (2h1eve]s),‘r01e-(4 1eveis), number (2 levels), Qﬁd items

(2 levels). Tnis design had 64 items. As indicated in Table 1, the . .

RS ., e e N , —— ’, - 18 _:;.
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inc1usjon of the form factor made it impossib1e to include items
measuring first person prpnouns and items measuring possessive
pronouns.

The two rema1n1ng designs were formed to 1nc1ude the possess1¢e
rule. Since the possessiye ry1e applies only to non-relative
pronpuns, these twe Qesigns consisted only of non-relative items. One
design (Design 11) incorporated the contrast petween sin§u1ar and
p]ura1 pronouns (number). The pther design (Design I11I) incorporated
the constrast between first person and;third person pronouns
(person). .Design 11, then, included tpur factprs: embeddedness (2
levels), rule (5 levels), number (2 levels), and item (2 levels),
resulting in 40 items. Design III also included four factors:
embeddedness (2 levels), rule (5 levels), person (2 levels), and item
(2 1eve1s), resu1t1ng 1n 40 items. Many 1tems in the test were

'1nc1uded in more than one of the trree designs. A11 of the analyses:

presented in this paper focus on these three designs.

Structure of the item. The test used a multiple. choice format

with five responses per item. Three distractors were correct in all

ways but one. “Thesfourtnfa;strector was correct in only one way or

not at all. . An examp1e is the fo11owfng item, "Mom praised Mary and _
TTTstevie", with the following responses: tﬁém, they, us, him and she.

The correct response (them) is an objective, p1ura1 third-person *

pronoun. The next three responses (they, us, and him) were correct on

two of the three factors (rule, number,‘person). The final response

(she) was cprrect only in the person.. The last response was

considered a “wde.card“.distractor-(a highly unlikely selection). ~

er
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Such distractors were included to detect guessing or carelessness.

Test Administration

Through pilot administrations and‘feedback from teachers and

students, the test was modified three times. The final diagnostic
" test was administered to 128 sixth-grade students from three

e1ementary s;hoo1s within a.1oee1 inner-city district. These schools
are Jocated in a low to middle SES area with a high rate of transition |
and a mixed pop01ation. Approximate1y 90 percent of the sfudents we}e
of Hispanic background, 6% were Black, 2§;were Asian, and 2% wvere

. _'non-hinority Hhites;_ There were 79 students classified as FEP (Fluunt
English Pr&ficient) and 49/;1assiffed'as LEP (Limited English
Proficient). l.{énguc‘iéefc}ass'if'ication was indicated by the district,
based on district rec1assif1cation criteria of 1anguage proficiency
tests, achievement tests and teacher judgment.

Two forms of the diagnostic test were prepared. Both contained
the same 1items but the order of the items was 1nverted items that
appeared on the first half of Form A were placed on the second half of
Form B and vice versa.

Staff reseerchers were te51ned to administer the test. The test

1nstruct10ns allowed the administrators to c1ar1fy the meaning in

vocabulary item stems but not in item distractors. ‘The tests were

-administered at the schools. Students were allowed up to 90 minutes

/

to comp1ete the test although most students f1n1shed tne.test 1n about

o

45-60 minutes. Classroom teachers were,presented during testing.

- - | .. 22
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Overview of the_Ana1ytic Approach

The test score ‘that a teacher uses to eva1uate students' grasp of
a curricu1ar unit is typica11y the total score. If the:who1e c1ass ;
does poor1y on a test of fract1ons, the teacher may dec1de to Spend
more ttme on the unit. If some students in the class do poor1y on the

: test, the teacher may provide them with remedial instruction.

Traditional approaches to reliability in educational and psycno1ogica1
measurement concern the dependability of that total score. The
approaches focus on the consistency of students' scores over time
(test-retest re11ab111ty) or from one test form to another (parallel
forms re1iab111ty), or focus on the consistency of students
performance across 1tems or sections of a test (internal consistency
reliability). "

Traditional Approach to Interna1 Consistency

Of the traditional approaches to relfability, only internal
consistency reliability addresses the variab111ty of performance
across items within a test. Interna1 consistency a1pha, for examp1e,
indicates how consistent student perfonnance is across ‘all 1tems 1n a
test. _The: magnitude of the coefficient shows whether the
rank-order1ng of student performance 1s stab1e across all 1tems. A:

—""‘—nfgh—vaTue’of-aTpna—tat—or-near“r-00)“1nd1cates“tnat‘the students—who— -
~perform_better than other students on oné item also do so on the other
items. A 16% value of alpha (at or near zero) 1nd1cates that the
students who perform best on some items are not the same students who
perfor best on other items. The latter result suggests that all items
on the test are not measuring the same construct, and that student

performance is différent_across different parts of the test. In this
RN




.detail in a profile is necessary to inform a teacher about

situation, the total test score is probably a poor indicator of

o

students’ mastery of the material.

While traditionai approaches to internal consistency reliability

_provide some 1nformation about the consistency of performance across

items in a test, they ‘have limited usefulness fOr diagnosing specific
areas of difficuity. For diagnostic purposes, it is 1mportant to have
information/about 'student performance on different parts of the test,
i.esy,”a profi]erf scores. In-the test of pronouns developed in the
current study, it would be possible tu nbtain’separate scores for each
each rule of speecn (nominative, ob; ="t ‘e, etc.), for singular and
plural items, for first and third person items, and for each form of
item (embedded in mu1tipie sentences or non- embedded) While it would

be possible to obtain such a detailed profile of scores for each

‘student, this level of detail may not be necessary and might not be

worth the cost of obtaining it. The central question is what level of

L

difficulties that individual students or groups ‘of students are having

=3

with the material.

The Analytic Questions

1

The analytic approach used in the present study focuses on the

consistency of students performance across multiple dimensions of a
test, each dimension designed to measure a different aspect of the

curricular unit. The aim of the analysis is to determine the minimum

amount of information about student performance on, the test that needs B

to be presented to guide teachers' future instructional decisions for'

-

fndividual students or for groups of students. The analysis addresses

/'//

~ three issues: (1) the necessitj/of comgggrng°profi1es of scores for |

T
e . o~
o . e N
B L.
e
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individual students rather than only one for the‘c1ass (or one for

each subgroup of students in the class), (2) the ipve1 of detail that

~ is necessary in the group or individual profiles, and (3) the number

of items that are needed to obtain reliable scores in a profile.
Regarding the first issue, if all studeﬁts have difficulty githﬁ
the same material (fpr example, .all students misunderstand how to use
possessive pronouns), then a sihg1e profile for the whole class may be
sufficient for diagnosing areas of difficu1ty. If some material is
particu1a5ﬁy troublesome to some §£udents but is not troublesome to
other students, then_profi1es for individual students may be
necessary. Regarding the second isssue,;if students perform equd]1y
well on all rules {nominative, objectjvé, possessive), then it would
not be necessary to provide separate scores for each rule. )If, on the

other hand, mastery of nominativé”pronouns is much greater than that

of possessive pronouns, then it would be'neceséary to include in fhg

prof11e separate scores for each rule. Regarding the third issue,

'_pnpe it is determined what scores should ébmpose a profile, the

question. vemains about, the number of items that are needed to reliably

measure each skill represented -in the prbfi1e.

Multidimensional Apgroaéh to Test Structure: Generalizability Theggi

f;"»\ Sketch of'géné§a1izabi1it¥ theory. To address'the above issues,
n\peéformance on the pronoun test was analyzed psihg generalizability

_the -, Generalizability (G) fheory is a measurement theory &esigned_

to assess multiple sources of variation in ™ measurement - (see
Cronbach, Gleser, Nanda, & Rajarantnam, 1972; Shavelson & Webb, 1981;

Webb & Shave1son, 1981). In a nutshell, G théory uses analysis of

-5



variance to partition sources of variation in measures of performance
of behavior. :Thewresu1ts of a generalizability study show the
relative magnitudes of the sources of variation in a test and can be -
used to jmprove its design.

A measurement is a samp1e from a universe of adm1ss1b1e
observations, character1zed by one or more sources of error variation
or facets (e.g., items, rules of grammar) Th1s un1verse:1s typically
defined as all comb1nat1ons of the lTevels. (called condit1ons in G

theory) of the facets. Since different measurements may represent

o

\|
different universes; G theory speaks of universe scores rather than

%
e}

true scores, acknowledging that “theré”are difterent universes to which

"decision makers. may generalize. _Likenise;'the theory speaks of‘

generalizability coefficients rather than the reliability coefficient,
realizing that the value of the coefficient may change as definitions .
of the universe change.

In G theory, a measurement is decomposed 1nto a component for the

‘universe score and one or more error components. As an i11ustration,

consider a 10-item test of pronoun knowledge in which 5 1tems measure
singular pronouns and 5 items measure plural pronouns. This test has
two facets: pronoun number (singu1ar vs. plural) and item. 1f 20
students take this test,.then the design underlying this study is a

two-facet partially nested design with items (i) nested within pronoun

number (n) and crossed with student (s) The object of measurement, "

here students, is not a source of error and therefore, is not a
facet.

The variance of the observed scores on this test (over all

(7_‘ )Y ‘i



students and a11tntems for each pronoun number) can be decompsed 1nto

2 a

m

1ndependent sources of var1at1on due to d1fferences between students,

1tems, and pronoun number and the 1nteract1ons among .them us1ng

e o e e e g e

analysis of var1ance._ From the ana1ys1s of variance an est1mate of

each component,of variation in the scores is obtained:

2 2 2 2 _° A2 : '
cs, > %% ,ni* %sn’ and o, ,snije’ (Since items are nested

> s

with1n pronoun number in this design,ﬁtﬁe main effect for item (i) is
confounded with the 1nteract1on between item and pronoun - number (ni).)

G theory focuses on these variance components. The relative -

\\

magnitudes of tne components provide 1nformation about particular

‘e

sources of variation 1nf1uenc1ng performance on the: test. The

© -

estimated var.ance component for-students, cgs' is the universe

’ score var1ance and is ana1ogous to the true score variance in

s

1ass1ca1 theory. The remaining variance components are considered

error components..
G theory recognizes that decision makers (teachers, for examp1e)
- may use the same score in different ways. Some 1nterpretat1cns focus
on 1nd1v1dua1 differences (re1at1ve decisions). For-examp1e the
teacher may be concerned mainly with the genera11zab111ty of the rank
-; orderingazf students, in order to give remedial instruction to the ten
°1owest-scor1ng students. Other 1nterpretationr may focus on the 1eve1
of student performance"ftse1f without reference to other students
peformance (abso1ute deci;@ons) For:examp1e, the' teacher may be - y
concerned about a student s absolute level of pronoun know1edge not
. how we11 he or. she .does re1at1ve to other students in the class. .

hd -
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Measurement error is defined differently for each of these

proposed 1nte}pretations. For relative decisions, the error variance

consists of all variance components representing interactions with the

object of measurement {here, students):

~

8 gt
. ;E = sh si,sni,e
. ~Re .
. M MM

1

A

In the above equat16h, nn is the nhmber of levels of the pronoun:
number facet and ni is the number of items pek pronoun number. The

' erro} variance for relative decisions reflects di fferences in rank

.

ordering of students across items and bronoun,number. If~an

[

_interaction effect fs large, then students' scores are not rank
ordered the same across ]evels of the fact. For example, if the
component representing the interaction between students and number {s

large relative to the other components, then students who pebfonn the

B

‘best on singular items are not the same students who perform the best

oh~p1ura1 items.

-

‘ ﬁfbr absoThte dec1sion§; the error variance consists of all

variance components except that for universe scores:

2 2 2 g2 |
~;§bs =N ;Lni 4 sn , “si,snise
' "n i " M

n
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D

The error varianég/for abso1ute decisions reflects differences in mean
performance.of students across items. and pronoun number as well as
differences in rankings of students. When the decision maker is
concerned w1th the absolute level of student performance, the variance
components associated with effect of pronoun number and items ( 02
and °?,ni) are included in error variance. The difficulty of one
item as compared with another will influence a person's score. A test
composed of easy items will sugéest a higher level of proficiency than
a test composed with difficu1t ‘items. A 1arge component for pronoun

number, as another example, indicates that students find items one of -

number (say, plural) more difficult than items of the other number

(singuiar?.

-

Generalizability theory and score profiles. The relative

magnitudes of the variance components contnibuting to relative error
!variance and absolute error variance can be used to determine what
kinds of score profiles are necessary for diagnostic purposes. -
Hherever'variance‘components contributing to relative error variance
(interaction with students) are large, separate profiles are necessary
for diagnosing 1earn1ng difficu1t1es. If the interaction between
" students and pronoun number is 1arge, separate prof11es would show
which students uere having more difficu1ty with p1ura1 items than
singu1ar items and which students were having more difficu1ty with
singu1ar items than with p1ura1 1tems.° 1f the variance components
contributing to re1ative error (interactions uith students) are small,
. but the remaining components tnat contribute to absolute error.

(components that do not involve interations with students) are 1arge,_
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then one profile for the class would be sufricient. For example, if

aiiwstudents find plural items more difficult then singular items (a

1arge variance component for pronoun number, gﬁi . ), than a
profile for the class (the means for singular items and plural items)
would show the average difference between p1ura1 and singuiar items.
Finally, if the variance components that contribute to relative error
‘yariance and absolute error variance are both small, then student
performance does not vaty across the dimensions of the test. In this
case, the total score on the test would be sufficient to guide
decisions about'instruction.

The above description concerns the reiative‘magnitudes of the
variance components,ithat is, the proportion of total variance |
accounted for by each veriance component. A difficult decision is
what proportion to be considered 1orge. There is no rule of thumb
about what proportionishould be consioered'iarge. »In‘the present
study, all variance conponents that account for at least 3.5 % of the
“total variation will be noted;and discussed. This level is
conserrative;\other researchers might set a level of 5% or gnen 10% as
the minimum proportion that should be used. As in all decision
studies, there is a trade-off petween cost'end efficiency and
information. Using a small proportion as a minfmum may produce more
detaiTed profiies than are necessary. Using a Targe proportion as a
minimum, on the other hand/ may cause important sources of variation ‘

to be overlooked or disregarded.

The optima] number of items in a profiie. Hhiie stressing the

importance of variance components and error variances, G theory also

. 380
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provides a coefficient analogous to the re1iabi1ity'coefficienf in

classical theory. The generalizability coefficient for relative

decﬁsions-is—defined—as;—Q——_——-«———~_-——wwmwm“mmwmwzemaen-wm

An analoguous coefficient can be defined. for absolute decisions:

| Y4 /
: O -

Abs é/f 2
| ~2 o .
The generalizability coefficient, o  , indicates the proportion
of'obServed_score variance (GE + ;§e1 or Gg + Gibs ) that
‘is due to universe scone variance (o ) . As the number of

s
observat1ons per student 1ncreases (for examp1e, tne number of- 1tems),

the error variance (82 or °§bs) decreases and the
genera1iza 11ty coeficient (52) 1ncfea§es. 7
In the present context, the generalizability coeff1c1ent 1s

usefu1 for determining the number of jtems needed to.provide a

generalizable measure of eaen score in a prof11e. 1f the relative

magnitudes of the variance components show that separnte scores are

needed for each student for p1ura1 pronouns and for .singular pronouns
~ (indicatéd by a 1arge 1nteract1on between students and pronaun

number}, then one generalizability ena1ys1s weu]d be performed for .

plural 1tems_and.another one would be performed for singular {tems.

1

31
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The design of each generalizability analysis is simple: student
crossed with item. This'desdgnfhas threevvariance,COmponentsﬁ one
for students (02) , one for 1tems‘(d?) . and one for the interaction

between students and items plus unexp1ained residua1 variation
2 S

"osi ; « The error variance for relative decisions is:
“2 c’si
Re1

—l

and the error variance for absolute decision is:

R gl o,
g2 =1 4._si
Abs ~ n. n; .
i i

If the ana1ysis shows that a suitab1e level of generalizability. (say,
.70) can be obta1ned with 10 items then the test would incluyde 10

' p1ura1 pronoun {tems and a student's mean on these 10 1tems uou1d
constitute his or her score for plural 1tems in the prof11e.

1f the variance components indicate that a profile of group iean

gggggs is appfopr1ate, then the object of measurement»1s tne'group, T
not the student and the ona1ys1s cnanges according1y (see Kane &
Brennan, 1977) In tne 11lustration used 1n the present study, there

. are two groups of students def1ned by their language bnckgroud
f1uent Eng11sn prof1c1ent and 11m1ted English prof1c1ent. :1In
determ1n1ng the meanvseore for a 1anguage group, the object of

measurement 1s the 1anquage group. So the estimated variance

32
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compbnent for language background (S?) is the universe score
variandg. " The variation among”studehts is error variation and so
studént becomes a facet of error. .The design of the generalizability
_'ana1ysis of the number of items neéded t0 measure a séore'in the-grodp
mean profile is students (s) nested within language group (1) and‘

croésed with item (). ~ The ebror variance for relative decisions is:

o2 o2
o2 o _S,sl , Csi,sli.e
Rel - ng - ngny

and the error variance fgr,absonEE/dec1s1ons is:

;2 ;2 ;2 : ~°2 .
;gb -1 1, s,s1 , “si,sli,e
L B s MsMy

If theranalysis shows that 10 items are needed to produce a dependable
measure of the group's know1edgg 6f plural items, then the test should
_haveﬂio pﬁhra1 items. . |
lSumma . In §qmmary, the issues of the appropriate sco;e
~pr6f11é§ for d1agno§tic purposes and the number of items'ﬁeeded to
~ produce dependable measures of each score in, the profﬁ1e are addressed
in two stages. The first stage is d genera1izapj11ty study of-the
structure of the test. In the illustration presented in this paper,
the facets include: rule of grammar, pronouh,numbéh, context
(embedded vs. n6n-gmbedded), pefsbn (first'persbn'VS; third person,

form (ré1ative vS. n0n-re1at1ve), and 1tem, The fe1at1ve magn1itudes
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of the variance components in.this design show which score shou1d be

1nc1uded in 1nd1v1dua1 student prof11es. The second stage is a_ -

separate generalizability analysis for each skil1-in the 1"31v1dua1
and group profiles to determjne/the number of 1tems that should be

1nc1uded/jn/thefté§t to obtain a dependab1eAmeasure of those skills.

Results of I1lustrative Analyses
Thisvsection illustrates the analytic approuch to djagndstic
testing cdescribed in'the previous eection. It summarizec (1) the
preliminary ana1yses to determine which popu1at10n subgroups to .
include in the genera1izab111ty analyses; (2) the three designs
underlying ‘the generalizability analyses of test structure, (3) the
‘variance components produced by the generalizability analyses, (4)
example diagnostic profiles; and () the number of'items‘that'wou1d be
needed to yield dependable measures‘of each score in the diagnostic

profiies., .

Preliminary Analyses

The first step in the approach to dmagnostic test1ng presented
lhere is to determ1ne whether there are distinct population subgroups
in the design. In the present 111ustrat1on. the pronoun test was
adm1n1stered to students from muitiple c1assrooms and scnoo1s. and
"students d1ffered in ethnic background, 1anguage background. and age.
Tnerefore. pre11m1ncry analyses were conducted to- determine whether
these factors 1nf1uenced performance on the pronoun test. Ana1ysis of
variance F tests revealed that the only popu1ation cnaracter1st1c
influencing performance on the test was 1anguage bockground (FEP vs.

LEP; F(1) = 30.09, P <_.001){ The statistical - tests for_c1assroom,-

—
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échdo1, ethnic background, and age were not signiffcant (F statistics
ranged from .12, p < .73 to 1.06, p < .37. In all further anaiyses,

”“thénj“bn1y“thé”d1sffnctfbn'bétWééﬁ*FEP“Eﬁd”tEP"§fﬁﬂ§ﬁf§7ﬁﬁ?ﬂ“”““““'””“’
maintained.

Summarxfof the Three Designs

As was dégfribed in the séction summarfzing the design of -the
test, the entire test can be. described by three crossed degigns,
Design I is a five-facet design yielding 64 items: embéddedness (2
1éve1§), pronoun form (2 1gveis),-ru1es (4 1evels), number (2 levels),
and 2 items for each combination of'thé pEevious four facets. Design-
Il is a four¥fQCEt design yielding 40 items: embeddedress (2 1eve1s)g
rules (5 1e9e1s), number (2 levels), and 2 {tems for each combinét1on
‘of the previous facets. Design II is also a four-facet deéign

' yielding 40 items: embeddedness (2 ]évé1s), ru1es (5 1evels), person
(2 1evels), and 2 items for each combination. .

As a result of the complexity of eachfdes1gn, the numbver of
var1ancé compbnenté in each analysis was very large. For example, 1in
the‘ana1ysis of Desjgn I, with students nested within language |
“background and students and language backgrcund cfo§sed with
émbeddedness, ru1es of grammar,'ndmber,_form, and item, there were 51‘
.var1ance components. Rathéf than preseﬁt the descriptive results
(means, standard deviations) for all va%iance components in éaEh :
deéjgn, descriptive resu]ts'are presented on}y for components that |
éccoqnt,for ét 1east 3.5% of %he total variation in the design. Table .
.2 presents the variance components that exCeed-3.5i?of tne'tota1,

_variation in each of the three designs. - Each number in Table 2

O
ey
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represents the percentage of total variation accounted for by each
variance component. Tab1es 3, 4, end 5 present the means and standard
deviations corresponding to all variance components 1isted in Table
‘2. The means are the percent correct, so the maximum score possible
is 1.00.

variation due to student and language background. The large

component for language background in each design indicated that FEP
and LEP students showed difterent 1eve1s.of performance on the test.
“As the descript1ve results 1n Tab1es 3 through 5 ShOw, FEP students
showed higher mastery of pronoun usage than did LEP students. The
large variance component for students (nested within language
background) in all three designs shows that there were substantial
individual differences between students within a 1anguage group. Some_
students had mastered pronoun usage while others had not. The
\component for students, then, ref1ects the range of mastery of pronoun
usage 1n the same.

' ) N
variation contributing,to absolute error. Most of the variance

- components presented in Tab1e 2 do not involve 1nteractions with
students or with language bucuground. In Design I, the pronoun form
facet aocounts for the greatest variance (34.0%). Students found
relative pronoun items to be very d1ff1cu1t. 1n fact, as can be seen
in Tab1e 3, LEP students performed at ‘about chance level on an
re1at1ve pronoun items except those measuring the nominotive rule
(with § response choices for each item, chance level is 20%).

Table 2 also shows a substantial effect for the context of the

item, whether the sentenee'nds embedded with a-paragraph. “The"

36



- 27 -

' Table 2
Proportion of Total Variation accounted
For by Each Variance Component

Yariance

Component Design I Desian 1I Design III
Language Background [L1 12.3 19.6 19.4
Student [S(L)] © 2006 . 33.6 37.3
Pronoun Form [F] ' 34.0 _a .
Embedded [E] = 4.1 26.2 Co17a3
Rule [R] S as s 6.9
FE - 5.1 _ _
FR | 4.6 _ .
F S(L) 4.0 _ _
E S(L) ‘ | L <355 6.6 <3.5
'uReoidua1 | 3.7 - 5.6 6.1
A1l others. g 1.6 . 8.4 13.9
Total 1000 1000 100.0

a Not app11cab1e.

v Note: 0n1y variance components accounting for more than 3.5% of tota1

variance are 1isted here.
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variance component for embeddedness is smaller for Design I than for

De51gns II and III because the effect of reiative pronouns (who-whom)

overwhelmed that of embedding in Design 1. The means in ‘Table 3, 4,
and 5 show that all students found it much more difficult to determine
correct pronoun usage when the target sentence wae embedded within
othér eentences. The difference in performance between embedded and
non-embedded'items was similar for FEP and LEP students.

Interestingly, the rule of granmer'produced substantial variation
‘in.performance only in Design IlI. 'As Table 5 shows, students tended
to perform worse on the 1items measuring the poesessive rule than on
items measurnng the other rules. This effect appeared only when items
measuring pinrai pronouns wvere inc1uded in the analysis (Design I11),
and. not when singular items were included (Design II). As is ‘
indicated by the small, variance component for rule in Design 1 (where
the possessive rule was not included), StUdenv performance did not
vary much across item measuring knowledge of the nominative and three
- objective rules. ,

Tab1e 2 shows two other effects in Design ! that contributed to
absolute error variance. The pronoun form facet interacted with the
embeddness facet and with rules. The interaction between pronoun form
and embeddedness indicates that the difference between performance on
"embedded and non-embedded items was not constant aciross relative and
non-reiative pronoun {tems.. This result is-cieariy seen in Tabie 3.
Both FEP and LEP students did ‘much better on non-embedded items than

on embedded items only when thenpronouns were not in the relative

38
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Table 3
Descript1ve Results for Major Sources of Variation‘

S e e ——{ - Design- T R U —
. : FEP2 ‘ LEpa

Factor S 30 W 0
Non Relative Pronouns .70 A5 . .54 .18
Context -: " - )

Non-Embedded o .87 .17 .66 - .24

Embedded . s o2 .42 .20
Rule /”~‘* : .

Nominat1ve 259 21 .49 .19

Direct abJect .66 . | ST .2

Indirect Object ° g6 .23 .56 .28

Object of Prepasition .78\ .18 - , .60 . .29
Relative Pronouns ~ - W34 .15 - .24 .13
Context i | ' :

~ Non-embedded .35 .17 S =27 .14
Embedded Q33 .18 o2 s

‘Ruie s . ‘ -

- Nominative .57 .24 ) © W52 .24
Direct Object - .20 a8 .13 17
Indirect Object S8 T .19 .21
Object of Preposition - .33 ~28 » ,é:{4 s +20

a FEP = Fluent English Speaking. LEP = Limited English Speaking.

R

39
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_Table 4
.Descriptive Results for Major Sources of
variation in Design II

FEP ~__LEP
Factor . M- SO . ] '
' Context i '
- Non Embedded : .84 A7 .62
Embedded .51 Y3 .38
#




&
Table 5 . -
Descriptive Results for Major Sources of
Variation in Design III
- FEP -
Factor M ) ] S0
Context .'..
Non-Embedded .78 17 .61 .23
Embedded .56 .20, A2 .19
Rule . .
Nominative .62 .20 .49 23
Direct Object .68 .22 .53 .21
Indirect Object a7 23" .64 .25
Object of Preposition .81 .20 - .63 31
Possessive | .25 27 f.21

41
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form. When the items called for re]ative pronouns, in contrast,
student performance was very similar. for non- -embedded and embedded
items. Thus, for relative pronoun items, the presence or absence of
context did not affect student performance. Students performed poor]y
in both cases. ‘ “ x
The interaction between pronoun form and ru1es can a1so be seen
clearly in Table 3. For non-relative pronouns, students showed
similar performance.on‘a11 rules, with performance on nominative items
somewhat lower than performance on objective items. For relative
pronouns, on the other hand, performance on the_nominative items ‘was
much higher'than-performance on the objective items. About half of
the students knew when to use "who" (the relative form of nominative
pronouns) but very few FEP students and no LEP students knew when to
use "whom" (the relative form of objective pronouns). To determine
whether students performance’differed across the three objective
Hru1es Design 1 was also ana1yzed without the nominative ru1es
" (inc1uding only the three objective rules). The interaction between
pronoun form and objective rules near1y diSappeared (it accounted for
on1y about .1% .of the total variance), showing that student performed
nearly the same on the three objective rules. Given this finding,
.then. it wou1d not be necessary to retain information on the three ‘
qobjective ru1es.- The mean for a11 objective ftems as an

unditferentiated set would be sufficient.

variation contributingﬁto relative error. A notable feature of

Table 2 is the 1ack of interactions between any facet and’ 1anguage

background. This finding shous that the pattern of performance across

the dimensions of the test among FEP students was the same as. that for
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" LEP students. Coupled with the 1ar§e component for language
background, this result indicates that the prof11es for the two groups
have the same shape, with' the prof11e for FEP students being h1gher
than that ‘for LEP students. o D

There were snrprising1y few interactions between students and
facets. The component for the interaction between stndents and
pronodn form in Table 2 indicates that_the rank order of students on
relative items was not the same as the rank order of‘students on the
‘non-relative items. Tnere are two possible 1nterpretations of this
resu1t. "The first, which is high1yﬁun11ke1y given tne huge mein
effect for pronohn form, is that some students found the re1et1ve
pronoun 1tem,easier than the non-relative pronoun items while the rest
found the non-relative pronoun 1tems easier than the relative pronoun
items. A far more l1ikely 1nterpretetion-1s thet;theﬁdifference 1ﬁ'
perfdrmance between relative and non—re1at1ve prorouns was Terger\for
some students than for others.. It is unlikely that any students
performed better on relative. pronouns tnen on nonére1at1ve bronouns{

%ﬁ\\‘1m11ar 1nterpretation can be given for ‘the 1nteract10n between

students and the. embeddedness facet in Design 1I. Since it is
unlikely that any studentAperformed better on embedded 1tems than on
non—embeddéd ftems, the most 1ikely 1nterpretat10n of the interaction
is that the difference in performance between embedded and
non-embedded 1tems was 1arger for some students than for others.

Finally, it should be noted that the residua1 variance component
represents the interaction between all facets ™r the design, including

stndentannd 1anguage.bEckground, plus unsysyematic error. A large

43
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residual variance component usually reflects sources of variation that
have not been taken-into account in the measurement. The small
magnitude of the residual component.1n al1 three designs in the
present study 'suggests that all important test facets haue been taken
into account in the design of the test. o |

* The Primary Sources of Variation and Examp1e Djagnostic

profiles’

The on1y sources of variation 1n test performance that exceeded
3.5% of the total variation were the pronoun form, embeddedness, and
ru1e facets. The person (first vs.'third) and the number (singular
vs. plural) of the pronoun did not produce variation among students’
test scores. That 1s, students showed equal mastery of first and
“third person pronouns and showed equa1 mastery of singular and p1ura1
pronouns. Furthermore, the effect for items was very small,
, 1nd1cat1ng that students performed similarly on both items in each
cell of the test design.. . . S SR

The findings protrayed in Table. 2 ahd described above can be used
to.make reconmendat1ons about the optima1 d1agnost1t profiles for
pronoun usage for the SampIe in th?s f11ustrat1ve studyﬁs 0n1y the
1arge~effect contr1but1ng to relative error (those 1nvo1v1ng :
interactions with students) wou1d need to be 1ncorpornted into the
score profiles for 1nd1v1dua1 students. ‘S1nce only the uho-whom and
embeddedness facets 1nteracted with students, the prof11e for
1nd1v1dua1 students uou1d need only to cons1st of the mean scores for
‘ re1at1ve pronoun 1tems, gon-re1at1ve pronoun 1tems, embedded 1tems,
" and non-embedded 1tems. Examp1e prof11es for three random1y selected

_ students,appeur in Ffoure l.w
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ilThe'remaining large variance components--those contributing'to

absolute error but not reiative error (components that do not involve
,interactions with students)--would guide the formation of class or
group profiies. Since pronoun form interacted with embeddedness and .
ruies, the group profiie should present the means for embeddedness
(embedded non-embedded) and ruies (nominative, objective, possessive)
separately for relative items and non-relative items, as was done in
Table 3.  Figure 2 presents such profiles for FEP and‘LEP.students. "
Since performance was similar across the'three objective ruies, oniv '
the mean socre is'presented for objective.items.._Furthermore,‘since}
performance was similar across person and numoer, first person'piurai,
third person singuiar, and third person plural items nere combined.

The mean profiies in Figure 2 show the genera1 patterns of
performance in this sample. Since the rule facet in the design did
not interact with student, the means for nominative, objective, and
possessive items are good representations of the performance of a11,
students. This profiie wouid show that all students need further .
'instruction ‘on the possessive rule and the objective rule for relative
form. Similarly, the general pattern for embeddedness in Figure 2
. suggests that students would need further 1nstruction on-ailiembedded
:pronouns and non-embedded reiative pronouns. .' | ‘

In summary, the variance component analyses 1n the present study
'snon that individual profi'les for embedded and non-embedded and
reiative and non-reiative pronouns, and a group profile for rules of
grammar uouid be sufficient for diagnosing individual and- group

difficuities nitn pronoun usage. These profiies wouid be more .
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.1nformat1Ve than the total score of the_test, and suggest that
dfagnostic decisions based only on the total score might lead to
erroneous consequences for the studer?land for the class. Not only do
the variance component ané1yses show . ich aspects of test performance
shou1d be tabd1ated for individual and -group diagnosis, they'are o1so
va1uab1e'for showing which aspects of pronoun usage do not need tojbe
tabu1ated. Since student performance did not vary -across number;and
person, these facets could be omitted from the'diagnostic profiles.

The Optimal Number of Items

The previous section demonstrated how to use the relative
magn{ tudes - ‘of thec:nr1ance components %o guide s1ect1on of scores for
student dnd Qroﬁ;‘prof11es. This section reports the resu1ts of-
genera1izab111ty analyses to show how many 1tems wouid have to be
1nc1uded in the test for*dependab1e.prof11e scores. The des1gn of the
genera11zab111ty analysis for each of the four scores in the -
individual profile (non re1at1ve. re1at1ve, non-embedded, embedded,
see Figure 2) was students crossed with items. The 1tem5'used in each
generalizability ana1ys1s nere a1;l1tems in the original test that
pertained to that score. The genera11zab111ty analysis of
‘non-embedded 1tems, for examp1e. 1nc1uded all f1rst-person. third-
person, s1ngu1arﬁ/plura1 re1at1ve. non-re1ot1ve, nominative,
objective, and possessive 1tems that were non-embedded.

The results of the genera11zab111ty ana1yses are presented in
,Tab1e 6. Tab1e 6 shows the number of 1tems correspond1ng -to d1fferent '

levels of genera1izob111ty. For example, it would take at least 10

50
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TABLE 6

i
|

Number of Items Corresponding to Different
Generalizability Coefficients

“Score .50 .60 .70 .80 .50 .60 .70 .80
INDIVIDUAL PROFILE N - ‘) :
‘Non-Embedded 8 10+ 10+ 10+ 10+ .10+ 10+ 10+ |
Embedded : : 9 10+ 10+ 10+ 10 10+ 10+ 10+
Non Relative 5 9 10+ 10+ 7 30—J0+ /10+
Relative - 1

0 10+ 10+ 10+ 10 10+ 10+ 10+

GROUP PROFILE

Non Relative
Non-LEtmbedded

1 2 3

1 1 -1 ] \

Embedded 1 2 3 7 6, 9 - 10+ 10+
Nominative 2 3 4 9 10+ 10+ 10+ 10+
Objective 1 1 2 3 4~ 6 10
Possessive . 1T 1 1 22,3 4 6
Relative , : :
Non-Embedded . 2 3 4 9 10+ 10+ 10+ 10+.
Embedded 1 2 2 4 4 7 10 10+
Nominative 1 1 1 2 2 3 5
Objective - 1 2 2 5 2" 2 4 8

More than 10 items would be needed L ,

to obtain this level of generalizability.

51

3




- 40 -

items to measure individual proficienz: on non-embedded pronouns with

a .70 level ~f ger:raliz- !1° - for rolati* 3ind absolute decisions.
On N ang  aly 2 1.em woul ’ 2ded to measure group mean

proficiency on non-embedded pronouns at the samc level of
genéra1izab11ity for relative decisions (twc,items would be needed for
absolute decisioﬁs), | -

Siqcc the same items can be usedlto meascre different aspects of
pronoun usage, the.total number df‘items‘in the test needed.to obtain
genera1izab1e'measures of each scorc in the:profi1q is smaller than
the sum of the number of items. in Table 6. For, example, an embedded,

,re1at1ve“nom1nat{ye itgm can be used to measure embeddec pronouh
usage, relative pronoun (who, whom) usage, and nominative pronoun
usage. If the scores in the individual and'éroup profiles weré to‘be
used . for.retat1Ve decisions (for examp1e,'sé1ectin§ the bottom 20% of
students for remedia1 1nstruction), a pronoun test of 20 items could
be constructed so tnat each score in the prof11e had at 1east .70

) genera1izabi1ity. A pronoun test with the fo11oning configuration
would satisfy thelrequirement 1isted in Table 6: 4 non who-whom
objective {embedded) item, 1. non wno-whom possess1ve (embedded) item,'
1 who-whom nominative (non-embedded) {tem, 2 nho-whom object1ve
(embedded) items, 3 otner who-wnom nonfembedded items, 3 other
embedded 1tems']a11 nno-wnom) and 5 cther_non-embedded ftems (1

whom-whom and 4 non;who-wnom). For abso1ute decisions, a pronounktest
with 40 ftems could be constructed so that each score in the |

1nd1v1dua1 and group proﬁj1es nad a level of genera1izabi1ity of .70.

i~

I
-
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Distractor Analysis N

Test subscores based on simple right-wrong scoring, such‘as those
reported above, utilize only a portion of the data that may be
ava11ab1e‘fr0m student responses. . fhe nature of their fncérrect
response provides potentially useful additional informgtion for .
diagnosingystudent needs.‘ In the case of mu1t1p1éwchojce_1tems where §
distractgrs are constructed to represent Specffic erroré or mis- h
conbeptions, analysis of distractor choicés might“suppiy sevefé]
pieées oflihformation: ,.

First, such ah analyses can point to potential reasons for

studenis' difficulties with‘certain subscales by identifying the kinds

of errors they made. For example, the distractor analysis of the
relative pronoun items can show:

‘Whether student responses are systematic or random: e.g., did
they always choose between who_and which, or was there another -
popular response?’ kere they consistently choosing among these
distractors?. : '

whether 'the kinds.of errors students make are due to a
_misconception of a rule or due to some other feature. For
example, if students consistently choose who when whom is the

\ correct response, they do not know the,rule which regulates the -
use .of these two pronouns. If there ‘is another frequently
selected distractor such as "he", they may be exhibiting an N
additional problem in the construction of independent clauses.

© Secondly, distractor anéiys1s can indicate error patterns across
) subscales. These patterns can.boint to frroneohé rules, misconcep- ’
tions or misinformation which are applicable to several or ali of the
subscales. For examb1e; one of ﬁhe e#épr_patterﬁs thaf oc;gf}ed for
the re1at{ve pronodn 1tgms,m1ght also anear in 1tems,test1ng'other .
tyﬁes of prdndun; and suggest that students: are havfng*diffjcu1ty with

a particular aspect of syntax.

753
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Method
Recall that item 91stractors are organized such that three
o '

distractors represent a specified error and one distractor reflects

guessing. Matched pair of item contain the same distractors. For

examp1e.
' Corne11a is a Very pretty woman. David is a handsome man.
- him (incorrect gender & pronoun) her ' )
they (incorheqt case) | they )
“she (incorrect response) ‘ he
» he (incorrect gender): ~ she
her (incorrect pronoun type) . ~ him

~ Each 1;gmmnas“analyzed_xgwdgxermune_nnat_percentage,ot_xesnr?_T,_sm,_
takers selected each distractor; and contingency andﬁyses'were v
ESnducted to examiné consistency of student résﬁonses.‘ Responses were .
f'tohbe analyzed to address a number of enfer-re}ated questjons:

1. Were the response patterns within matched pairs of items
- consistent? That is, did students select the same
distractors for both items? - : -

2. Did students make the same error across several types of{s
items or were some errors characteristic of one type of
item?

3. HWe know that the pattern of responses differed for
. nen-embedded and embedded items; can distractor ana1ys1s
point to potent1a1 reasons for this pattern?

4, Did L1m1ted and Fluent English Proficient students (LEP &
: FEP) differ in their response patterns? Did patterns

indicate that they were mak1ng d1fferent or similar types of
errors. ,

Results -- |
" The validity of an analysis of distractor patterns rest on some

consistency 1n student wrong -answer choices. When distractor patterns
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are coensistent within a matched pair it seems reasonable to assune
that tne error patternsfrefiect the misconceptions or misinformation
specified by the distractors.  In the absence of such consistency,
then it is unc1ear whether students are selecting at random, are

reacting to some pecularity in item content or to linguistic or other

~
o

properties.
Contrary to expectation, contingency analyses found 1ittle ~
consistency in student wrong answer choices. Distractor se1ection was .
consistent on the average, in only 21% of the cases, ranging from 0%
to 48% over the 42 parallel pairs of items included on ‘the test,.
two-.hirds of, the items fell in the. 11-30% range (See Table 7). There'
was greater consistency among more difficu1t items, but no apparent
differences between fu11y and 1imited English proficient students. No
patterns wer{ discernibie by pronoun raie:a. | f
' | Table 7 *
Agreement on distractor choices

for parallel pairs of items
wrong Answers Onix

\ .
) n"

Limited English - Fluent Enoiisn'
Proficient - ) qgroficient
. Mean % ofragreement frequency - % : fredhency; SR 4
0-10%  ° 7 (15) - =" 7 o (18)
11-20% “'1« -3 (28 16 7 (35)
21-30% | .19 (81) 15 o (33)
31-40%2 | 5 . (12) 6 L (13)
40-50% oz, (&) . 2 8
. 46 pairs (100) 46 pairs  (100)
‘ W . n=79
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Future analyses will examiné alternative models for Qescribing
student error patterns, looking for jn;tance at whether students are
consistently eiiminating certain distr?ctoré‘and guessing at random
from those remaihing; The results of these analyses will be 1néfuded

in a subsequent report.
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Concinsions

This paper described a four-step approach to constructinga - -
diagnostic test that provides precise but practica1 information on
students' propiems and needs for additional instruction or
remediation. Tne approach is based on analyzing the structure of the
.domain to determine which skills within the domain need to be asséssed
to diagnose students' problems.

The firot step in the diagnostic process described .here nas to
identify the factors that described the curricular domain (here,
pronoun usage). Four &ontent factors were identified: the rule of
grammar (nominative, objectine, possessire), the pronoun forn
(relative--who or whom, .non-relative), the number (singular, plural),
and the person (first, third).. In addition, a factor corresponding to
cognitive complexity was jdentifed: whether the context of the
' reading passage had to be taken into account to determine the correct
pronounf: This factor was operationalized in two levels of embedding:
a single sentence or a pragraph.

" The second step was to. construct a test with items representing
‘aii possible combinations of factors (cuntent and cognitive
" complexity). Sensibie items could be written for 46 combinations -of
factors. Two items were written for each combination, resniting in a
92.item test. ,

The-third step in the diagnostio testing process used
generaiizabiiity theory to determine which factor% and {interactions
among them producad variation in students' scores. Specificaiiy, the

relative magnitudes of theAvariance components correspopding to all

57
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factors and 1ntera§tion among them in the test reéeaied'which factors
were 1mportaht. This-information was used to 1dent1fy the information
needea\in diagnostic profiles. 0n1y'tﬁo content factofs,:ru1e and
~ pronoun form, prcduc;d variation in student perf;rmance. The other
two content factdrs,.ﬁﬁmber and person, qid not.: Furthermore,
cognitéve Epmp1ex1ty also had a large effect. on student berformance.
,Someﬁdifficu1t1es were common to all students (e.g., a11:students
had more'diff;cu1ty with possessive pronouns fhan with objective
~ pronouns). This information could be entered in a siﬁg1e profile for
the group or class. Other difficu[ties applied to some students but
not others (e.g., some stud;nts did much’ worse on embedded items than
on non-embedded 1téms while other students perfo}med simi1an§1y on
-both type§ 6f items). This information would be part of prbf11es for
.1nd1vidua1 students. Siﬁ?e th; number and pérsbn féctors had no
effect on student berfofmance--a11 students performed about the same
~on singular and plural items on first-person and fhird-person' |
items--there was'no need fo distinguish between these skills in the -
. test or in the profiles. -
Based on the 1nformation about the necessary ingredients .of
diagpostic proff]es, the final step in thé analytic process was to
. detérmine the miﬁiﬁum number of ‘tems needed to obtain genera112a51e
* measure of each skill in the diagnostic pr6f11e. The results of the
generalizability analyses Showed that a 20-item test would be
sufficieht_to measure mastery of prohoun usage if the teaéhé;‘s

“interest was in identifying the students with greatest need for

additional instruction in each skill. A 40-item test would be
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sufficient ifsthe teacher's interest was in 1dent1fying each Student s
abso1ute level of mastery of each skill.

In short, the structure of the domain consisted of 46 skills in
pronoun usage (ai1 sensible combinations of the five'factors). The
inital test consisted of 92 items, 2 per skill. To adequately measure

student'performance on each of these 46 skills would probably take
1 : R

‘between 2 and 10 items per skill, resulting in an extfeme1y Tong

test. The analyses performed here showed tnat cnly 9 of the 46 skills

———

need be assessed resu1t1ng in a vast1y simp11f1ed and shorter
oiagnostic test. ' '

A1though the .entire process of (1) 1dent1fy1ng a domain, (2)

,.constructing an inital test to fully represent the domain, (3)

ano1yzing the performance on the inital test to determine the factors
thaw influence student performance, and (4) constructing the final

optimal test would be too time-consuming for a classroom teacher, the

use of the final diagnostic test and score profiles would certainly be

feasible for_c1assroom practice. With a relatively short test
(maximum of 20 minute test .to administer, in this case), the teacher
coufd fdentify students' strengths and weaknesses on all important
aspects of the curr!cu1um domain and!make 1nstructiona1 decisions
according1y. |

Specification of the domain structure under1y1ng the. test in an

1mportant issue in this diagnostic approach; 1t is important to

) specify the test as completely as possible. If factors 1n the test

are 1eft out, diff1cu]t1es that students have on the test may be

attrﬁbuted ‘to the wrong skills or may not be able to be identified at -

AV I 59
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all. Although compiete specification 1s,1mportart, it fsvnot
necessari1y-d1ffieu1t. In .the present study, fheegenera1izab1]ity‘
'ana1yses showed thet only a small amoun£ of variation in test
- performance was attributed té unexplained factors. Consequently, it
is reasonable to conclude that all important factors in the domain
were included. _

Also important in domain specification is not to restruct the
domaﬁn on1y:to aspects of content. Although several content factors
did affect student performance, the cognitve con;lexity of the item
had a major impact on performance. For examp1e, even though many
studehts could correctly 1dentify when nominative pronouns §h6u1d be
used in a single sentence“(a Tow level of edgnitive COmp1ex1ty),-many
of them could no do so when the sentence waS'embeddeq in a paragraph
reqeiring them to use the context of the paragraph (a high level of
cognitive comp1ex1ty); A teacher would come to di fferent eone1usions
about mastery of pronoun usage from a test with ftems of low cognitive
complexity and from a test with items of high cognitivejcomp1ex1ty;
Hitﬁout taking into accouﬁt the»inf1uence~of cognitive complexity oh
performance, the teacher may we11 make erroneous decisions about the ,‘

._ need for additional 1nstruct10n.

p——

F1na11y, the resu1ts of the 111ustrat1ve ana1yses presented here
a1so have 1mp11cat10ns for taking into acc0unt mu1t1p1e studer -
popu1ations. Tvi7he s often give different tests to students from -
different popu1at1on.shbgr0ups (for'examp1e, different 1§ﬁgudge

‘ backgroun&s). assuming.that the perfqrmaﬁce of the’groups is

N different. An 1mp11p1t'as$umption,-therefore, may be that some

-
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groups excel on somé material while other groups excel on other
material; that is, that\ profiles of different groups may have

~,d1fferent shapes., The st 3k1ng1yapara1ie1 prof11e$ ofuf1uent Engiish
proficient students énd 1iﬁited English proficient students in the
present illustrative study, however, raises a question about whether
different tests are necessaﬁy; Iq this case, sepérate~tests for each
~group would be unnecéssaﬁ}. To take into account the mean di fferences
in performance between groups (f1uént hnd 11m1téa English proficient
students), the,ﬁteﬁs measuring a particular skill on the diagnostic
test could cover a range of difficu1ty (for examp1e, varying the

vocabulary level, or Tength of the sentences in a item).
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Diagnosing Student Errors:
An Example From Science

Steve Shaha

Center for the Study of Evaluation

Most tests of science are designed to aséess knowledge of scientific
tacts. Informatioh gained from such tests generally js sumharized in a |
score which reflects the number of correct responses ﬁade. Hence, any
diagnostic information 1s're1at1ve1y’11m1ted; the number of correct
responses re]ate; to knowledge of scientific facts alone and not td an
interpretable summary of the nature of a student{s misunderstanding. More
often than not, total scores which are useful for assessfng class standing
are not very useful for helping a teacher to aid 1ﬁd1v1dua1 students in
overcoming specific.prob1ems. Perhaps the most promising fgature of
diagnos#ic tests 1is that they will yield information aéove the level of
mere number of correct versus incorrect responses. Well désignéd |
diagnostic tests}wou1d give specific information to 1nstrdctors conéerning '
the individual student's problems. V _

‘As part of a larger project in diagnostic assessment, the Center for

" the Study of Evaluation undertook the development of a prototype diagnostic

test of understanding of science at the high school level. The test's

primary purpose was to provide deta11ed‘1nfdrmation concerning strengths -

- and weaknesses in student's skills in scientific reasoning. Our interest

jat

‘was a) to isolate speé1f1cﬁerrors of scientific reasoning which by their-. .

¢ o ,
consistency could be systematically diagnosed, and b) to examine

. differential patterns of error at different levels of comprehension. The

first factor necessitates a rational choice of distractors; the second

~ vt .
\
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of patterns in errors committed.

necessitates an orderly structuring of items by ccmp1exity of item content.
Previous work in diagnostic testing in science is notable for its
variety of almost completely independent'derivations, in a number of

countries around the world, of both theories of stience “understanding and

' tests which measure - it. After the well-known but two- decade—o1d “Test on -

Understanding Science" (Cooley & K1opfer, 1961) and the massive "Test ‘of
Understanding the Mature of Science” (IEA, 1969), there appears to have
been no new well-documented instrument in this area. thever, jndependent
workers have succeeded in certain areas with demonstnation projects.

Dillashaw and Okey (1980), from thetgs, developed a test for diagnosing

Afive ~process skills in science. Their findings justified the use of

diagnostic tests, showing that both achievement scores and attitudes toward
science rose for high schoo! students when information from diagnostic
tests was used for remedial purposes. Gorodetsky-ana Hoz (1980) from
Israel, explored the use of profiie ana1ysis techniques for diagnosing
conceptual misjudgments in scientific logic. Information from this type of
diagnostic ‘test showed that certain conceptua1 prob1ems associated with .
lags in science learning can be identified, and that remediation of these
problems can lead to resolution of learning lags. Dreyfus and Jungwirth

(1980a; 1980b), also from Israel, succeeded in_isciating and classifying

~ the actual types of errors most often committed in responding to questions

concerning science. Their efforts showed that is was indeed possible to

"deve1op diagnostic tests of scientific reasoning based upon the assessment .

B
Bi11eh and” Ma1ik (1977), from Jordan and Pakistan respective1y, report

—

——

1 N . —
A .
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assumptions of.science, scientiiic ethics, and -other areas; the resu1ts
might be app11cab1e 0 a. diagnostic 1nterpretation but only summary scores
are presented. > Rubba & Anderson (1978), from the US, deveioped an
instrument based on a nine-factor conceptua1ization of science undertanding
by Showalter (1974), again d1agnostic interpretations may be feasible but
summary scores aione are discucsed.q Cantu & Herron (1978) from Mexico and
the us respectiveiy,,present a science concept attainment test which allows
an interpretation following a.piagetian understanding of how students learn
in that field. Osborne (1978). from New Zealand, exp1ores subscales of a
test.of college-level physics which allow a diagnostic interpretation 1in
each of seven curricu1ar components. Rodr1igues (1980) from Brazil,.
administers a)set of cartoons of certain physicai situations vwhich ref1ect
laws at work and forms a diagnosis of sorts based on characterizing the
narratives children give in,response. 4 »o° \

The best single theoreticai contributionﬁto diagnostic testing is by
Johnstone (1981), from Scotland. He presents -some selected examp1es of
college level science tests which allow an interprétation of specific types:
of misunderstanding. He aiso discusses a variety of distorting=factors
which are germaine not only to science tests but to all educational tests ?
from which a diagnosis might be derived. These distortions arise in the
context of superficial testing (and so a test “must probe into each 1inkage
and subconcept as we11 as take a global picture“ p. 39), too much guessing
(and so a test should allow confidence marking) and issues of language

clarity. He takes the view that diagnostic tests in science
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are re1at1ve1y easy to construct because course objectives can be
specified for a major portion of the study. Items can be written to
‘test each objective from several angles and the items can often be in
-an obJective format which lends itself to. computer marking. (p. 34).

The reported ease ‘of construction would be a significant advantage if true

-but it remains to be studied in more detail.
.J - \

Test Deve1opment

'. Because none of the extant tests of science understanding in-
corporate,both a rationa1 basis for distractor choice and a uniform
lay=ring of items by comp1exity, four topics areas- within science were
se1ected for a prototype diagnostic tést of science: phothosynthesis, A

)

magnetism, energy in a closed system, and gravity. The'target audience nas
‘the high school level. It is important to note that since we could not
control- for instruction receivedgby students_tested, vie sefected areas of
" science which ne considered to be generally covered from seventh grade
upward based on a search of commonly used textbooks. | |
Item generation for the present study was based on two parallel
considerations, the definition of content and princip1es to be tested and
the determination of the specific types of errors which the test would be :
designed to .diagnose. On the'matter of content we decided to deve1op
items which mirrored the 1eve1 at which a given content area was understood

-- that is, items which would provide a test of a student s depth of

comprehension. - To accomplish this we chose a three level comprehension

strategy:
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. s
s mem

* Low level -- Definition. Items designed to
test for knowledge of a principle at the
definition or factual level..

' T . AN b
* Middle level -- Principle Application. Items which-
Y required that subjects recognize the use of a

e princip1e in a givgn situation or context.

~ “* High level -~ Problem Solving. items which required
.+ Subjects to analyse a problem or probably
. unfamiliar situation and arrive:at. the

correct solution by applying the principie in
question. - ‘

fhe next EEgg,nasgto define- the errbré fo be diagnosed. Diagnostic
) _tests do. not merely measure correét ;ersus-%ncorrect reSpdndinQ; but aré
specifically designed to assess we11-defjned errors in a Systematic
manner. The erroF‘types we selected for diagnosifng in the four areas
chosen were based 6n the research éf Dreyfus and Jungwirth (1280). In
their stud;, they were successful in‘iso1ating five.classifications of
error types which are comﬁoh in scient%fic reasoning, of which theL‘
f611owfng érrors wére of interest in the present study:.
Logica1'fa11ahy -- Student's ;espon;e Sased upon faulty logic,
E such as cfrcuTar reasoning, generalizing beyond-the specific
situation, or imputing.cause from correlation. »
" .Intuition -- Studénts né§p6n3e~béséd upon intuitive logic or

prior experience rather than a .understanding of the
problem. S © ‘ -

- L4

Content -- Student's response selected due to similarity with the
language in the stem. Also test wise errors fit in this
category; such as selecting the most scientific-sounding
alternative or the longest choice ‘available.

The items generated'for each topic area,seLéctedegre.baSed‘on
¢rossing the two dimensions: éach level ofiCqmpreﬁgnsjoh to. be tested,
~with each error type to be measured. There were three items gehérated at
‘each level of‘comprehens1on, and every error:type was assessed three times

“at each given comprehension level. Strict proce&urés»wére followed in the-
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establishment of domain specifications, rules for generating items, and the
outlining of .objectives to be tested (which ;re‘eiaborated in the
accompanying manual by McArthur, Shaha, Choppin, & Hafner [1983]).
Item‘Desigd : _

| The item design process is summarieed below. The most effective way
to envision the‘processfis to,cpnsider actual test items. Fpr this
purpose, three items from the area of Magnetism will be explored, beginning
with the lowest 1eve1 of comprehension.

_The first item of intereﬁtjis the item at the low level of
comprehension, the item whiép should be easiest for the most subjects.
This item'was constructed to test the_most.basic principles of the concept,

even at the level.of rote learning. In magnetism, the following item stem

was developed:

Nails made of metal alloys (mixtures of metals) are
attracted by magnets. '

The stem reqdires only that a stUdent'verify the truthfulness or faisehood
of the assertion presented. In this instance the distractors are a tool
for sorting out the precise reasons for bdth correct pr errbneods
responses. Each distractor contained a possible rationale for deciding

whether the statement was true or fa1se, and these rationales were designed

G

. to provide information concerning the precise type of errors_peing
committed. Of the four distractors per item, two allowed selecting True as

a response,"and two allowed False.. The following were the four .

‘alternatives for the.item above: ' ..
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a. True -- because all metals are -
magnetic. ' [Logical fallacy]

b. True -- on1y 1f the a11oy contains
iron. [Correct response]

c. False -- because only 1ron can be
: magnetxzeg. ~ [Content d1stract1on]

d. False -- because nails are not the
same shape as magnets. | [Intuition distraction]

The first a1ternat1ve represents a 1ogica1 fa1 acy, s1nce se1ect1ng this
a]ternative 1nd1cates that a genera1izing from a single exampl: (1ron) to
an entire universe of related examples (meta1s) The second alternative is

correct.' The third a1ternat1ve is 1nd1cat1ve of an error based on content

because its wording is very similar to the correct response as well as the

stem. The last alternative is an example of an intuition distraction,

/
since its selection is based on the "common sense" reasoning that since all

/

’magnets,are genera11y‘a gfven shape, then shape determines magentism.

™~

——=——An examp1e~from*themsame"topicyarea of an item at the middle level of
comprehens1on is the following: |

Is it true that a magnetic compass which works
on Earth would not work on Mars?

a. True -- because a magnet cannot- work
in a vacuum. : [Content distraction]

b.: True -- because Mars is too far from
the North and South poles. [Intuition distraction] .

i
5

r

.¢c. False =-- because all bodies of matter
have a magnetic f1e1d. [Logical fallacy]

d. False -- because Mars has a magnetic¢
field of its own. [Correct]
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This problem requires the students to know about magnetism in the sense

that they must recognize some parameters under which that natural force is

-functiona1: Distractors have been selected such that they test three

several different error types of interest. The first distractor tests for
content errors, since there is.no real reason for it being se1écted except

that with the mention of vacuums it sounds scientiflc (the presence or

absence of a vacuum has no e“~ect on magnetism) The second tests.for

intuition errors, since experience suggests the compass points north due to

the presence of Eamtn‘s north pole, ur that the focus of all magnetic

fields is the polar region. The logical fallacy disiractor is based on the
assumption that all'bodies of matter must have magnetic field since the
Earth does. . | ‘

An example of an item written to test the high level of comprehension

is 111ustrated be1ow.

1f we were sitting in an army tank, is it true
that a compass will stilil funct1on properly 7
~and po1nt to the north?

‘!’ True -- Earth' s‘maanet1c field is” '
so streng. . [Intu1t1on d1straccion]

b. True -- since the tank 1s made ma1n1y
of steel. . [Logical fallacy]

c. False -- surrounded by steel, the
compass will fail. | [Correct]

d. False -- sound waves from the cannon
will impair the compass s
operation. [Content d1straction]
The prob1em requires the stLdent to know how magnets work, what is or is
not magnetic, and that compasses function as - 1t of magnet1sm.
Clearly, several items of each level are needed in order to accurately

diagnose a student S 1eve1 of comprehension. Also, each item needs to

cover as many as poss1b1e of the error types of 1nterest in order to

max1m1ze the 1nformat1on g1enned for d1agnost1c purposes.




Experiment I

Method

Fifty three undergraduates 1n introductory bioiogy classes at UCLA

parti .ed vo1untari1y as subjects in their regular c1assrooms. Nine

jtems were written for eaci area of science to be tested (Photosynthesis,
Magnetism, Energy in Closed Systems, and Gravity) representing three items
at each level of comprehension, providing three opportunities to commit
each error type. To these 36 items were added four more items in other

I .
areas of science. Test administration was handled as a'conventiona1 ad

. seriatim paper and pancil.test. . 4

'Resu1ﬁ§ and Discussion

The focus of the analyses conducted was to ascertain whether useful
diagnostic information emerged from the use of either levels of )
comprehension or error.type’ ¢« both. Protocols were scored forstype of
response made to each item -- correct, logical fallacy, intuition
distraction,iand.content distraction. Tab1e.i.presents the mean'
performance by level feor each response type. |

The results were encouraging; First, if students failed at any lower
1e§e1, they,nere;unab1e to succeed consistently at a high level of
comprehension.  For 89% of sﬁbjects-in,fhe samp1e, missing more than one

item at any level of comprehension was accompanied by missing two or more

items at the next higher 1eve1 (‘x = 114.65, p < .001). Hhen considering

~each content area in 1so1atfsn~ *he structure of the ]eve1s was maintained,

although riot to as great a degree. ;On‘aeerage, 66% of 'the" students

‘responding in each content‘area failed at all levels higher than an initial

J
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error (x% 47.60; p < .001). This confirmed the expectation that the
levels of comprehension'fepreseht distinct levels-of difficulty or b
comp1ex{ty. The significance of this kind of information ‘from a diagnostic
itest is that instructors cou1d effectively gear their teaching to the
precise level of comprehension at which a grbup, subgroup, or individué1 is
presently operating. | | |
Second, we examined the pfotbcoﬂs for evidence of consistent error
patterns within persbns. We wanted to_know whether the distinctions.
between error type would yiefd consistent diagnostic 1nformat10nAcoﬁcern1ng
the type of errors which a gjven person was committing. &hn51ysis of the
protocols for'thebentire tes; showed no diséern1b1e pattern of error
conSjstency. However, when the topic aréés were examined separately, three
distir°t Sattgrns emerged. First,}cod{ent.errors were:the most
consistent. On average, gix_persons‘were identified as méking content
‘errors within each area, a proportion significantly less than chance (x2=
5.29; p < .05)L These were mosf probably guessing errors; people who
guessed did so consistent1y;, Their QUesses were based on "test-wise"
1§trategfes in which scientific soundihg, ér stem-1ike responses were
selected. . | Ed
‘ On“the averagg,AZI suﬂjects per content area consistently committed
intuition or 1ogica1uf§11acy errors( X2==-4.43;Ap ; ,05).} Eighty four
peice.. of these subjeéts éommitted one or tpe othé# type of erforsv
consistently af.a11'1eve1s of comprehension subsequent to the first such
_pommission‘( x? = 35;52; p < .01). ‘A1so,.ff either error type was
vcommitted at a low level of comprehénsion then one of the two errors was

twice as 1ikely to occuf at the next higher ]eve1;_ The only problem

<
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encountered with the intuition and logical errors was that for.38% of
subjects there was a tendency to shift from intuitive to logical fallacy
errors, or vice versa, hence clouding the precise diagnosis of a certain-
error pattern. This problem was especially evident ih the areas of
magnetism and gravity. however, this'prOportion ;as not significant (xz =
2.271; P S .05), and so we expect that in future studies, with more items

/

and.subjects, such a problem will not prove detrimental. }Q

‘Experiment II .

A second study was conducted to investigate'the degree to which the
findings of Experiment I would generalize to other populations.
Specifically, the que\tions of effectiveness concerning 1eve1s of
comprehension and error types were addressed by administering a shortened
version of the test to younger students of varied ability levels.
Method _ \\s \ “

Seventy six students from a private junior high school for the
’ “gifted“ (IQ measured above 145)\in the west Los Angeles area" participated
representing 38 seventh graders and 38 ninth graders. Sixty eight
ninth-graders from a pub1ic junion high sch001 in northeast Los Angeies
also participated representing three cTassrooms in which students were
grouped according to common tracking procedures based on achievement. The
1atter subjects.inciuded 22 high, 20 middle, and 2§ iow achievers.

-Subjectsvcompieted a short version of the same diagnostic science

test deveioped for Experiment I. Twenty items with satisfactory
psychometric properties were selected from among the 40 items from
Experiment I; in each/content area, two items were drawn from the high
comprehension level, two from the middle 1eve1 and one from the low 1eve1.

\

. h v- '\
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- Results and Discussion

Two sets of analyses were conducted, one to aSSESS consistency across
level, and one to asses consistency across error type. Table 2 shows the.
mean performance in this test by subgrouping. The first analysis
1nvestigated the 1eve1s of comprehension 1bedded in the 1tems. For the
20-item test: as a whole, resu1ts varied in consistency across the’
comprehension_1eve1s. Among higher ability students, the levels were

?

relatively distinct and consistent; failures at a lower level of

- comprehension uere accompanied by failures at higher 1eve1‘of comprehension
for 67% of cases ( x2 = 9,11; p < .01). Among students with lower
ovega11_ab111ty, the pattern was less clear, with reversals or sequence
yio1at10ns occuring in some 47% of cases (X2 = 20.28; p < .61). although
only 16% were cases in which total failure at lower levels was associated
with tota1 success at the higher level; ( x2= 3.44; p > .05). The reasons
for these contradictory results. remain to be 1nvestigated fu11y. Several

' factors might explain the contradictions, including the reduction in number
of test items, differences in mental ability or maturity, and differences '
1n scholarship or classroom prepareness for test topics.

The next series of analyses. concerned error patterns. While 45% of

private schoo1 students committed no errors at more than one level,
.genera113 e ogn Yewe. x2 15.82; p < .01), 57% of the remaining
students comm1tted errors at mu1t1p1e levels with consistent patterns for
error type (x = 40 42; p.< .01). Unlike the patterns found for the
college student samp1e, however, the most consistent patterns for the

: private school students emerged for logical fallacy: errors. Pub11c schoo1
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students produceu cven less :  ar-cut rosults. Error types were ~ommitted

in*a ngarly random. manner for all but 34% of the students, with none o: e

three public schoo1 groups showing a significant proportion of subjects

producing consistent error patterns when data were, examined by topic area

(x 2, 3, 47, n.s.).

7 Exp1anations for t;e\ﬁack of results in error patterns among both the
public and the private schoo1 students center on two factors: the contrast
in mental preparation with the college level group, and the reduced size of ~
the test. Appérent{<; the more\trained or "taiented" the subJeCts are, the
more consistency is fbund.among the\types of errors they commit. '

Intuitively this expianation makes sense if more preparation is associated

with a lower probability of performing.randomiy, and hence a higher

' probability of systematic responses where\one ‘misconception might be

ref1ected in several item responses. Because of the reduced test size,
students had fewer opportunities to respond to items designed to re-measure

the same concept and error types, hence less possibi1ity for measuring

\consistent patterns.»

Conc1usions

The purpose of this study was to test the effectiveness of a prototype .

" dfagnostic science test. The test was designed to yield information

concerning two dimensions: (1)'the level at which students comprehend

concepts within certain areas of science, and (2) the specific types of

errors in reasoning which they systematicaiiy commit. We find the results

'encouraging in that they show the possibility of accurately measuring these

two dimensions of reasoning (comprehension level and_type of error) for

purposes which should be of high utilitarian value to instructors.
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Traditional tests which yield only a total and subscale test scores provide
rctitioners with less information which is readily empioyabie for
remedial purposes. The promi. 7 <'iarmnestic tests is that oné can

accurateiy assess not only the number of correc: responses to, test

“questicns, but also the precise type of errors which are being commi tted

I
and the level of comprehension at which a student cou‘d be characterized.

The resu1ts of the science reasoning test discussed in this*paper
suggest a variety of future research avenues in the area of; diagnostic %%23
testing, studies which merit attention because of the vaiue’of diagnostic ¢
information. The inherent utility of adaptively structuring the student's
path through a testing session is yet to be explored fu]iy{ This would

allow the student to guided directly from item to item in,a manner which

matches subsequent items with patterns of distractor response seen in

preceding items. Computerization of the science reasoning test is not
difficuit, the diagnostic interpretation avaiiabie foiio&ing an adaptive
testing strategy couid be enhanced re1ative to the convrntionai testing
administered in the present study. \ i

The expansion of suitable item pools in which item distractors follow
a logical order-and item compiexity is 1a&ered seems essentiai. Further
work in diagnostic evaluation of science understdnding'wouid entail writing
item distractors which adhere to the remaining five e;ror factors of
Showal ter (1974). However not every item can be or, need be accompanied by
a distractor from every error factor. Such expansion should balance the
additional error types across all item compiexities. There will be a -

: T~
mandatory increase in test length, but all possible, permutagions of error\\\

-

types with one another cannot be brought together without excessive numbers

v :
0N\ . !
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of items. Thus further researCh“in optimizing adaptive diagnostic

test strategies is required. -
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Table 1

gProbabi1itie§ by Response Type and Hem Complexity
Experiment 1

Item ‘' Response Type
Complexity T ;
. . Logical Intuition Content
Correct Fallacy Distraction . Distraction
High- | .58 23 a1/ .02
Medium . .78 .11 .08 .03
Low ' .93 .03 02 .02




probabilities by Response Type and Item Complexity

Table 2

Experiment 11

Item Response Type
Complexity: v
Group: Logical Intuition Content
| Correct Fallacy Distraction Distraction
High Public Low 10 .10 12 12
~« public Medfum . .36 .2 w3 05
1 public High 25 13 20 .
Private 7 37 19 35 09
Private 9 .48 13 32 07
Mediun  Public Low A5 20 21 /A
| public Medium . .57 17 7 10
Public High NV 1 22 08
Private 7 58 .20 A1 07
Private 9 69 15 13 .03
Low Public Low .66 26 33 23
Public Medium 21 12 09 .08
Public High 80 .05 A1 04,
Private 7 .80 .. .00 5,12 .02
' B 06 02

Private 9

F
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ABSTRACT

The role testing can play in ascertaining and improving the
effects of educational programs and services is analyzed. Our point
of view maintains that the connection between tests and instruction is
best made integrally through an understanding of the design of
learning tasks rather than through the use of techniques that attempt
to join or to link the now-separate domains of instruction and
testing. The context for task structures is described, and their use
in developing instruction and tests is considered. The limitations of

such an approach in practice are discussed and feasible approximations

outlined. Finally, the research agenda in this area is broadly
.. sketched. . .

.
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INTRODUCTION

e e e T N B
v N W o N e e et oAV e AT 22 S

The purpose of this articie is to anaiyze the role testing can
p1ay in ascertaining and improving the effects of educationai programs
'and services. Our point of view maintains that the connection between
tests and instruction 'is best made integra11y through an understanding
of the design of learning tasks rather than through the use of
techniques that attempt to join or to link the now separate domains of
instruction and testing.

The focus on the design requirementskof 1earning tasks represents
a fundamentally different .perspective on the test/instruction issue. '
This perspective is theoretically grounded in its orientation deriving
frmn research in 1earning, instruction, and-cognitive processing, to
name but a few areas; yet, it ‘also has numerous potentia1 impiicationsf
for practice. The context for task structures will be described and
their use in devkloping instruction and tests will be considered.,/The
1imitations of sych an approach in practice will be discussed and
feasibievapproxi ations outlined. Finally, the researchiagenda in

this area’ will broadly sketched.
The.Dimensions of the Problem

" Public concern about the effectiveness of sch001s has led to a
reliance on testing and test results that is unprecedented in recent
educationa1 history (Airasian & Madeus, this issue; Haerte1 & Ca1fee,
this jssue). Tests play prominent roies in certifying competency for
high schooi‘graduation, in college admissions procedures, and in
conveying through the-publication of test results, the effectiveness

P

-
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of'schoo1 district po1icies.- These examples fllustrate the practica1 )
and symbolic uses of tests. Test results are regarded as the "bottom
Tine",‘and educators have devoted much.attention to efforts to affect
such scores, and thus'graduate more students, p1acelmore in better
co11eges,_and rank their district higher in test scores among other
Tocal school districts.

since’,educators have accepted the validity of}tests as outcome
measures, they have fed the public's des1reafor accountability through
testing, and have créated a demon that needs continua11y to be
satisfied. Yet, the_goa1 qf improving test scores is made extremely
difficult by the ways in which schob}s are organize& and staffed, by

constraints on their resources, and by the trends in the society of

Gwhich‘schoo1s are only a part (Bank & H1111ams, 1982 Zucker, 1982).

Eveﬁ if these factors were optimal, the problem of creating tests
that are sensitive to the rese1ts of educational brograms is a
difficult prOposition. Part of the d1ff1cu1ty stems from the way in
which testing, as an enterprise and a research area, has developed and
part frcm the existing scjentific, conceptual framework of testing.
In our view’this framework is different from the conceptual framework
of instructional design. ‘

-~

Testing in the Conceptual Framework of Science
_s/”' ,:‘ | |
A scientific and experimental orientation appears paramount in
the psychometric view of testing. The practical uses of testing (to
create a record of student performance) are subordinated 1n favor of

the scientific use of tests (to detect 1nd1v1dua1 di fferences or to

88
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determine effects of interventions). The focus on the latter purpose
has led to a preference for the desigr and development of tests that -
best support these uses. For instance, in the Beginning Teacher
Evaluation Study (BTES), items were not selected for inclusion on the
dependent measure based on the1r fidelity to intended 1earn1ng and

instruction, but rather for their corre]at1on .in pilot data with the

independent variables of interest (Filby and Dishaw, 1975). This

- procedure increases the probability that the test will find what the

researchers are looking for,but does not insure that learning. is
assessed adequately--because the nature and definition of learning -
never. emerges as a primary issue.

Test development from this scientific view follows a well-
established, scholarly process. Tests are deVe1oped to ‘assess a
construct. Items for the test?are selected or created, and data ere‘
collected on performance.g'Items are included, dropped,. or revised in.
accordance with the fit the item data prov1de'to'the posited model.

In this or1entat1on, the psychometr1c1en's job is to hypethes1ze"a.
construct or trait that is assumed to be measured by a part1cuiar item
set, and then to use that set to ebserve nature, to report re1{ab1y
vhat ex1sts and to revise the test or to reformulate the construct to
explain emp1r1ca1 facts, processes and the1r re1at1onsh1ps. The
sc1ent1st-psychometr1c1an s mind 1s act1ve, but since -his/her role is
a descr1pt1ve one,_that 1s, portray1ng how students respond to sets of
items, the sc1ent1st remains outside of the action of 1nstruct1sn ana
passive nith respect to creating "better" perfornance. The fecus is
on accuracy rather than on improvement. In fact, among the most

serious errors ? scientist can.make is to perpetrate reactivity, where -
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jnadvertent effects are produced by the process of measurement
itself. The measurer should meke no ripples. This is one prong of
passivity in world view.

A second. prong of passivity derives from the notion of stability,
a central thesis ynder1y1ng much of science aod measofement theory.
The constructs to be measured are treated as gtab1e and are desoribed
‘as traits or constellations of responses thougﬁt to persist in time.
Classical psychometric and statistical theories heve developed under
the assumption that stability, regularity, and oredictab111ty are at
the heart of scientific inquiries. A concommitant assumotion,‘espe-
'c1a11y pertinent to this discussion, is that measured individual dif-
ferences probably endure over intervention. Ev1dence for this point
of view can be found in the literature on measuring change, where
growth and measurement- er:or are sometimes treated a1most 1nterchange-'
ably (Harris, 1963).: That the early uses of tests were for placement
is no surprise, since 1abe11ng and grouping 1nd1v1dua1s in homogeneous
c1usters isa logical outgrowth of the belief in stability.

The confTict is most simpiy that education is an enterprise

d1rected at producing change, yet our tests and the psychometric

~ theory that‘Q“—érate§"aho‘assures~them'are concerned~w+th—stab+14$y———-——
and descript#on. Traditionally, measurement's role has been that of

the objective, outside observer who analyzes its subject from afar.

The serious integration of testing,andrinstruction andlthe use of !

tests for 1nstructiona1 1mprovement, ho ever, require a more active
perspective that incorporates an insid¢ view of the phenomena qf

interest, 1earn1ng and instruction in the educational process.
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Conceptual Framework for Design

As an alternative to the scientific perspective adopted by
psychometr1c1ans, design methodo1og1es reflect a different point of
view. Design is a process that synthes1zes practical and theoreti-
cally- grounded ideas to produce a procedure or product that changes
the env1ronment; it is an explicit problem-solving activity that
generally 1nc1udes notjons of planning, creation, and fine-tufing. We
are a11 familiar with design methodo1og1es, from the most obvious

. aesthetic application {(graphics, interior design), those which blend
aesthetic and techn1ca1 features (arch1tecture), to those which '
emphas1ze the app11cat1ons of scientific f1nd1ngs to part1cu1ar
problems (computer design, ‘engineering of all sorts, medicine).

Most profess1ona1 schoo1s are committed to training at least some
of the1r graduates in the design (as opposed to-research) parad1gm,
a1though in educa%tion, as in other fields, design has somewhat 1ess _1*~

“‘status than research activities. Because des1gn creates th1ngs that
must operate in rea11ty rather than contend'so1e1y with the e1egance

of {ideas, 1ts p1ace in the academ1c commun1ty is tenuous and probab1y

rvives because some design practitione rs (doctors and 1awyers) are

perce1ved to be worth high levels of f1nanc1a1 reward. Add1t1ona11y,‘
although the Outputs of design may include sc1entif1ca]1y-ba$ed
processes, 1t is undeniable that art or craft 1s also demanded. Thus,
design work gets labelled “atheoret1ca1 " and its status den1grated.

Even status<as1de, because we know less well how to he1p people
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become talented designers than competent researchers, dedign aspects

in education are often neglected.

In contrast to the researcher, the task of the designer is not
descriptive. Rather, from the outset, the designer's task is‘to
improve upon present practice. Teachers in'our'pubiic sChoois are
design practitioners, however infprmally they accept that role.

Their task is to combine information from a variety of theoreticaT
approaches with practica1 wisdom to affect the quality of education.
Change is the goa1 of a designer and thus that orfentation would seem
to serve education well, and particu1ar1y the problem of connecting
tests and instruction. ’

Even if one were to minimize the effects of these two different

‘frameworks on the predisposition for action or reflection, or perhaps

admit that there is a continuum rather than.two mutua11y‘eiclusiVe

perspectives, “the serious probiems remain in connecting. testing to

‘fnstruction and promoting sch001 based change. These problems inhere -

in the realities of school operations and in thefnature of effective_. .

rinstruction.

T ot Context: “The Worl d,’Of”SCh‘QO‘TS‘"'“."" S

Because psychometrics is a schoiariy pursuit, most of its work is

conducted 1in settings remote. from current pub1ic school experience.

'Psychometric researchers don't often go to schools, and when they do,

they usually don't focus on instructional issues. Because of this
lack of fami1iarity with the 1ives of peop1e in schools, it is not

surprising that some misperceptions seem to have occurred.\

[
P

92



| one set of misperceptions involves teachers and what it means to
teach something. Another concern is the extent to which the process /
of curriculum development, adoption, and %mpiementation occurs and can
be counted upon to provide a common context for’schooi events inc o
B different schools (Sirotnik,'1981). For instance, the irrationality
of the system as it most-frequent1onberates causes only an occasionai
1ament on the part of psyéhometricians. Consider that school curri-
cu1a, and therefore, most of formalized content are deveioped outside
of the schools and marketed by text pub1ishers. The .same is true for
tests used in schools. Unfortunately, the coordination bétween test
and curriculum dereiopmentfis nil. Thus, at the. most_basic Jdevel, we _
"can show that content di ffers in tests and in texts (See Floden,
Porter, Schmidt & Freeman 1980) and that at the grossest exposure
level,-. students cannot be expected to perform with regard to content
they have not seen. A recent study comparing district curriculum
objectives in both 1anguagf and mathematics with ihe state assessment
and various standardized tests i11ustrates this irrationality. - Some
tests included only 25% of the district curriculum, and, in some,
almost 50% of the test was not covered by the curriculum (Cabe11o,

'1982)

T e e e e e o e s il

But attention to Curricuiar match demonstrates only very global
~concern. for the relationship betwéen testing and instruction.  Such a

concern assumes that formal curricu1um is, in fact imp1emented and -

-that ;?ﬁﬁié"@ksasure to content is sufficient for students to learn;
both assumptions are unfounded. ‘In seriously coordinating testing and

instruction, one immediateiy is confronted with the complexity of

actual instruction, inc1uding,4for instance, how learning takes p1ace,




the range of.\ontent presented the context in. which a set of skills
should apply, and how teachers augment or c1rcumvent existing text
material to faciiitate 1earning One might be tempted to ignore these
confounded variables and to try to brinq order to the system graduai-
ly by focusing on and controlling on1y one set of variables at a -’
time. Yet, when one focuses on one aspect, say, content, and attempts
to match tests and curricu1a on that basis, one necessariiy ignores
other important considerations that;contribute to the irrationality of
the present system. The status Gquo, as a result, is inadvertently
perpetuated . Unless integrated alternatives are pursued
de1iberate1y,.the status quo with its irrationail base wiii continue to' -
be our only option.

We propose, therefore, to use design methodology to create an
improved system for education and 1earning. This approach concen-
trates not on 1inking extant curricuia with extant tests, but instead
on the compiete design of an entire system; in fact a redesign, so
that the entire system makes sense. Instead of studying testing
properties in terms of existing rules of order, we propose to focus on
the learning tasks of _students. The system starts with the nature and
- definition of what is to be 1earned--the task structure the charac-
teristics of instructfion and of testing then foiiow ‘naturally andB
rationaiiy. Our proposition is that by designing task’ structures; we
provide a mode1 of the features that 1earning -should exhibit. The
model causes the requirenent;‘;or testing ‘and teaching to. converge

‘°since they share, by definition, critica1 features. Linkage becomes

redundant.

94



Task Structures

The task~structure'approach is based upon the design of the
learning tasks desired of the learner. This structure is specified by
a series of ~ules or examples; the'finaibobject is to oresent as
clearly as possibie the expected set of skills with regard to specific
content. Task structures integrate critical ideas in education by
freserving a place for them inlthe structure itse1f...For example, the
range of content over which the 1earner‘s skill is to generalize, the'

manner in which transfer 1s treated, the behaviora1 formats for

& s e e e e T e ot i S ST i

exhibiting ‘performance, the jevel of cognitive operations required
and the compiexity of 1anguage are all exp1icit1y treated in the task

k]
structure.

: ]

We will treat the features of a task structure in turn and '
present definitions and descriptions, theoretical connections, and
examples.

Task Description

The first element in & task structure is the generai description.
of the task. This»statement may be thought as equivalent to the
statement of objective 1in objective-reﬁerenced testsfor outcome
statements used to guide the development of criterion-referenced -

: \
- tests. 1Its purpose is simpiy to direct and circumscribe attention to

a general area of content such as geometric proofs, aid to\iocus on

~ the type of sgi11>needed, spch as to solve problems or to.demonstrate
procedures. Such statements often have served as the sole descriptor
for deveToping criterion-referenced tests. -However, in a task

' structure, the statement serves principally as a convenience, as a way /

N - '. .
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toﬁget,into or to approach the more taxing'endeavor of describing ihe
1earning requirements of a particular task.

content Limits

Establishing the content 1imit of the task is an initial prob-
lem. These limits are intended to circumscribe clearly the substance
or content upon which the learner is“supposed to operate. While the
task description describes content in very general terms, content
1imits make more- specific the, part1cu1ar elements of content to be

" included, and _thereby -help. to make exp1icit requirement for instruc-
7tiona1 exposure “and opportunity to 1earn. Two common,approaches to
content 1imitsﬁhave been advanced: definition by curriculum ano

| oefinition by agreement. |

The first approach'responds to the real world of school exigen-
cies and suggests that.content be defined by reference to extant
curricuiar-materiai {Baker, 1974), such as specifying permissible test
content‘for a reading comprehension obaective to include non-fiction
se1ections occurring in a particu]ar 9th grade_district adopted

__1£ﬂ%990kr—;1__' is instance, the content is selected based‘simpiy upon

the rule of potential e ure, and.while opportunity to'iearn is an
obvious criterion, the se1ection of substantive material has Jbeen left
to the indeterminate judgment of textbook writers and publishers.
Unfortunately, anaiyses have shown that systematic structure and
features that contribute exp11cit1y to 1earn1ng are/ often absent in

~ commonly used texts (Que11ma1z, Herman & Snidman, 1977 Herman,
Hanelin & Cone, 1977). The reading selections at-a particular grade '
level, for instance, do not appear to fo]iow inferrable. rules of '

- progressive 1inguistic semantic, or syntactic comp1exity.

N ) ’ i ,N..! . =.;-, . “ 90 k\\
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A second common approach to content 1imits involves developing an
agreed upon get of .boundaries which ié disseminated to both teachers
and teét writers. The benefits of such agreement‘is that the‘pfoba-
bility of a fit between instruction and testing is increased simply by

§\\QST?uni;ation, permitting an instructionally-focused outcome system

(Popham, 1981). <The criticism of such an approach rests upon the

arbitrafiness of the content boundaries selected (Why four line
paragraphs instead of five or three line in a reading comprehension
.task, for example). This charge of arbitrariness has been countered
by appea1s’to the wisdom of reliance on "human judgment."
| We suggeét that arbitrariness of content 1imits may be mitigated
through reliance upon }e1a£iVe1y strong theoretical or empirical know-
1edge about. learning (as well as on human,judgment)'to décide what
content limits are seﬁ;¥b}e.’ Thi§ approach substant1a1]y supplements
the rationalization of content based upon probable exposure to éx;ant
curricﬁ1a, e.g., a 9th grade textbook, and the human judgment defense,
and permits each element of cohtfnt limits tc respond to potehtia1
issues in learning. We propose usihg twg well documented constructs
related to research on .learning to define content limits: 1) genef51-

ization and transfer; 2) quality of discrimination/performance. -

Generalization and Transfer. The concepts of generalization and
transfer help a11ev1até the anathema “"teaching to the test". P§ycho—
metricians,'perhaps_because of fheir frequent coricentration on indivi-
;dua1 items rather than on concrete1y-re1ated item sets, seem to}worry
about this problem a godd deal. th acknowledgéd is the fact that

"teaching to the test" can_occur in two forms: teaching the exact

7
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jtems that appear on the test and'teaching the class of content, by
sampling, that the test is designed to measure. The former appeals to
rote learning and is usually of limited educational value; the latter
demands that we have a solid notion of what learning isuintended unq
that we focus on significant higher-level tasks. The cdﬁtEﬁt_TﬁﬁTts:;\\\\
should create this notion of the c1ass of substance to which the test |
behavior is meant to apply and generalize, echoing the cenera1 idea of
domain-referenced testing (Hively, Patterson, & Page, 1968).

One question here is to what topic or topics is the behavior
supposed to generalize? The answer to that question depends genera11y
on pract1ca1 matters, such as the length of instructional time avail-
able for the task, or more directly, to the level of specificity at
which the task is to be learned, as well as inter-relationships among
potent1a1 topics. For instance, a learning task're1ated to conjugat- -
ing and applying "-ar" verbs in Spanish might be defined with the
expectation that the learning should generalize to all such verbs.
Alternatively, the task could be expanded to all regu1ar ‘-ar, -er,
and -ir" verbs, requiring a longer allocation of 1nstruction. The -

conjugation procedure for these Spanish verbs is essentially the same;

.. only details change and change in predictable ways. Research on

genera1izat1on and transfer would suggest that teaching students the
critical features of such conjugation-and providing related practice

wou1d be- sufficient for them to apply the rules to any new examples of

'regu1ar Spanish verts, and thus wou1d support the more 1nc1us1ve task

structure. In contrast, the coherence and research support wou1d be

more prob1emmat1c if the content for a task in Span1sh 1nc1uded verb

38
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i,

conJugat1ons, pronoun number, and sentence expansion. The probability
that transfer would occur is low, precisely because the information
and concepts necessary for success vary. One decides'on what 1ere1 of
generalization and transfer one can achieve partly by relying on
unfettered human judgment, but partly based upon theoretical or
empirical evidenee about how knoﬁ]edge in a particular.subject matter
area is connected (Geeslin & Shavefson, 1975). |

Specifying the topics over which perfqrmance'is to generalize
serves an additional purpose: if transfer between topics is not
~ explicitly taught, there is little reason.to be1ieee‘transfer will
occur (Si1berman, 1964). The definition of task structures in written
composition, for4example,\ re1ates to the low transfer of writinh
ability between topics, such as "My Best Friend" and “Credit Card Use
in the United States" (Quellmalz, Capell, & Chou, 1982). Students
need to learn that the same strategies and skills are applicable in
both cases. The explication of the range of topics over which perfor-
~mance is expected or desired to generalize, when communicated to those
responsible for instruction, then, can itself facilitate transfer.

Since.tests‘take considerable time from 1nstruct10n, they probab-
1y should be perceived seriously and reserved for those goa1s that -
1ncorporate generalization and transfer rather than for memorization
of specific content. Desired levels of genera1izat10n and transfer
among topics should be specified based upon the 1eve1 of effort in
instruction and theories of content relationships derived from
ana1yses'of the discipline (in addition to the more common curricular

and consensuaT bases described above).

ey 3 | E)S)
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A second.area to be considered under the category of generaliza-
tion and transfer relates to the fohn in which information is presen-
ted to the learner. Form is not item format, such as passage length
or number of distractors, but rather the substantive features of the
task, other than tOpic, over which the learner is expected to general-
ize. For example, "triangies“ is one topic in the task of learning to
discriminate confusable geometric figures. To ascertain,success, the
learner can be asked to. discriminate the correct answer presented in a
single form, e.g., your standard, equilateral triang]e. However, if
one wants to assure an understanding of a triangle that is somewhat
more robust, one would provide students with correétﬂanswers that
include acute or right triangles, and perhaps triangles whose vertex
is not” perpendicular to.the margins of the page. Students might‘be
asked to find the triangle when other salient perceptual cues, such as
size and coior, might interfere. Here the issue is clearly "over what
cases does the 1earner recognize a triangie?“

' Form and type of information can be i11ustrated in non-perceptuai
concept learning as well. What c1ass of information w111 the 1earner'
be expected to have acquired in order to attempt the task? For
example, in written composition, a question may be ‘posed about whether N
the learner has sufficient knowiedge about a topic to write about it.
How is that information to be provided? How compiex will be the form
in which the infonnation is presented? Will it be a 1ist that ‘the

: learner simply has to transpose into prose? Win he/she be expected
to infer meaning from embedded and subordinated information? .As a

second example, consider the task of learning to-identify the main

|
o}
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ideaiof a prose ba;sage,?a Common‘enough objective of reading instruc-
tion. What type of passage will be presented? "Will it be one in
which there is a single ;1ear main idea? Or one in which two partial-
1y deve]bped ideas compete with a third "main" idea for domfnance?
The differences {n the task'inte11ectua11y should be cJear{ and the’
different requirgments for instruction ére probably obvious.l

We are recommending, then, that issues of generafization and
transfer be incorporated in the content 1imits sectioﬁoof a task
structure specifically to address the tosics over vhich the resgdnse
is,subposed to gehera1ize and information or presentation forms over

which the response shou1d"transfer7f Both of these areas are to

'supplement the simple notion of oppértunity to learn, defined either

as content in required texts (Floden, &t al, 1980), or time on task,

j.e., time nominally allocated to particﬁ1af topic (Denham &

Lieberman, 1980). It is our belief that these instances are too
global to relate productively to learning tasks. In addition; we
believe that -attending t; genera11;at15h and transfer strengthens
human judgment because“thébret1c51 and empirical bases are used for

content_selection rather than more vague appeals to authorityl

,N“ADTSCPim*natf0D[EQLthmancﬁiﬂﬁalijx;_,A_second,_genetal_anea_
within the content limits section of task structures focuées on the
standard of performance expggteéuof the learner. It is at this point
where claims of "eduéat}ona1 exée11ence" are based by defining the
requiréd quality ofiréspon%e. Ho;ever, performahce quality should not
be confused'ﬁith common versions of pe}formance standards (Mager,

1961; Popham & Baker, 1968; Anderson & Faust,:1§33), all generated

v

T Directly related to Eﬁexissue,of form of information is the E
linguistic features of the text of the test ftems. However, we will
separate that discussion into a later component of task structure
because the theory which supports such analyses differs from the

~cognitive research'base of the present section. 10 i "

o - .-
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during the behaviora1 objectives era of the sixties and seventies:
Performance quality relates to non- -quantitative feztures of responses g
that illustrate the levei of refinement of the response. secause
student response Options fall into two major categonies. Let us
111ustrate this principle’ in both selected and constructed reSponses
In a selected response task such as the triangle discr1m1nat1on

task descr1bed above, the a priori difficulty of the task depends upon
‘not on1y the range of correct answers the learner has to identify,
€.g., isosce1es and acute triangles, but the fineness of discrimina-
tion required to make that identification from distractors. Very !
little refinement would be reQuired to select from distractors that

wconsisted of those in pane1s a orb in Figure 1. COnsiden, however,
if the distractors consisted of those shown in panel c. An analysis
of these latter response options should demonstrate that the item
requires relatively fine discriminations and exhibits higher a Eriori
difficulty.

The analysis also should clearly demonstrate that choice of.'
distractor proeides diagnostic 1nfe;métion about tne class of mistake
-the.stydent is making. To select the first option i panel c, the
student would have to believe that open as well as closed, three-

sided, straight-lined figures met the definition of triangle. For the

o
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Alternative Distractor Options for a Triangle'Discrimination Task
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second option, the student would have neglected the threé-sided aspect
of the concept. In option three, the student would have overlooked
the requirement of straight sides. 1In each of these instahces”the
provision of diagnostic information is preplanned.

In contrast, much of the extant 1iterathée in diagnostic testing
(see Brown & Burton, 1978; Tatsuoka & Tatsuoka, 1980) lacks such 2
EIlEEl design of distractors to yield explicit diagnostic fﬁfonnation;
instead,. sources of error are inferred from item response patterns.
Explicitly including rules”for the creation of wrong‘answef domains 1in
the content 1imits can significaﬁt]y increase diagnostic poﬁér. and to
the extent that such rules incorporate research on concept learning '
(such as Tiemann & Mark]e 1973; Tennyson; Wooley, & Merr111 1972),
the diagnostic qua11ty will be more ref1ned. where concept learning
is not the focus, content 1imits for multiple-choice jtems may be
generated specifically to deal ﬁith aspects df the task that may have
been under]earned'as well as those aspecﬁs that may have been mis-
learned. - o

In the case of constructed response where no distractors are
prog1ded for the learner, the content 1imits should account for the
explicit standards that will be Used to~ Judge—the- quamftyiofwtheA~—«~_____
student effort. These standards, or criteria,iére applied to student
products té assess the extent to which products, such a§ essay answefs

<

to science questions, or English compositions, exhibit desired

.features. such decisions can be reached through ho]istic approaches,

"where the overall value of the paper is judged by internal standards,
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or by analytic methods where particular aspects of student production,
such as style, coherence -or grammar, are separately considered. in-
either the holistic or analytic_approach, tne response may be judged
according *o a check 1ist (where the paper, or the style, is either - .
satisfactory or not), or through t@é app1ication of a rating scale
(where points from 6 to 1 depend upon the quality of student perfor-

b

mance.) _ '

It should be clear to.see that less well explicated scoring

systems, i.e., holistic, rely more on undifferentiated human judgment

: and experience, nhereas explicated standards, such as analytic

approaches with logically anchored rating scales, provide much more'_,
information about student performance. This additionq].information'is‘""
desirable in task structures for it directly implies the type of
instructiona1_task§’the learner is expected to encounter as well .as
the remedies thot may be necessary to address inadequate performance.
Explicated standards for judging criterion responses, thus, are an
fmportant component for teaching and testing. .

Nitn the specification of content 1imits, performance quality is
measured by design, either inherent in the level of discrimination

~_required in_ se1ected responses or by the exp11c1t statement of cr1ter-

ja in production responses. Di fficulty emerges direct1y from the taskhw
structure design and is a function of task comp1ex1ty and fineness of
required discrimination rather than created emprically by proportions
of peop1e who succeed at an item. This conceptual design of difficul-
ty may help break ‘the tautology that exists betvieen empirical "1tem ‘

difficulty" and assessment of the effects of instruction. Such an-

approach also allows one, by: reviewing wrong answer choices, for

I
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. instance, to determine when partial learning has occurred and where

ﬁemediation is needed.

]

Linguistic Features

Linguistic features are another 1mportant aspect of task st:uc-
tures, but their role in test and task design has been tregted in
generally disjointed fashion. Level of difficulty has been assessed
by various readability formulae which take into account the difficulty
‘Jevel of words (inferred from developmental or frequency meastres),
and sometimes the complexity of syntax (Duffy, 1981). Yet more
complex linguistic structures play a role 1nytasks“that either present
‘ver5a1 material as stimuli, including verbally stated QIternative
responses, or'ﬁnc1ude rating systems based on verbal products by the
respondent (Duffy, Curran, & Sass, 1982). Particularly when non-
native English speakers are assessed the variation in perfonnance
‘created by apparent1y casual linguistic opt1°1s may be great. Bauman
(1982), for exdmp1e, found that problem types identified through
1inguistic anamysis posed serious difficu1t1es for readers--prob1ems
‘that were not direct1y related to the construct being assessed.

Systematic attention to the linguistic .components of tasks may
permit more accurate assessments of true performance levels. Measures
of linguistic complexity need to be created tnat are épprOpriate for
_both_long and short verbal passages and which 1nc1ude some notion of
deviation from semantic and syntactic experiences of the respondents.>_m‘
‘For instance, some d1fference score may be obtained depending on the
conpat1b111ty-ot the sentence patterns w1th‘the native 1anguage, or

the root of more difficu]t words and the native language. To the

extent that 1anguage proficiency 1s not an inherent featgre,ofzthe —
| -
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task of interest, then effort should be made to purge verbal materials
of unnecessary comp]exity

Cognitive Comp]exity

Another critical feature of a task structure is the cognitive
comp]exity of the task. Simply stated, cognitive comp]ex1ty is the
jntellectual “"level" apart from content, at which theilearner is
expected to perform. These levels have been taxonomized by Bloom and
his associates (1956) to include six categories, Knowl edge, Comprehen-
sion, Application, Analysis, Synthesis, and Evaluation. Presumably,

each of these categories refers to cognitive processes that are

. successively increasingly complex as well as dependent upon prior lev-

els. A s]ight}y di fferent structure has been posited by Gagne (1975)
where essentially stimu]us-response learning, multiple discrimination,
concept learning and problem solving form the major dimensions of

tellectual skills. Simplifications of these schemes have been found

" in the cognitive literature (Que]]ma]z 1982) where principa] .distinc-

tions have been made for tasks whose purpose is the storaoc, associa-
tion, and retrieval of information contrasted with tasks requiring
processing of infonnation, inc]uding subordination, reconfiguration,
and other adaptive proCesses. u

intended cognitive,comp]exity of ‘the task._ This ascription will

_relate to ‘wo features of the content 1imits already described,

genera]ization and required performance qua]ity. First, complexity is

a function of the degree of expected generalization and transfer and

in the nature of the required performance, e. g., the number of cues

. provided, the amount of information that must be subordinated should
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be reflected in this area. Second, complexity is also a function of

the performance quality that is demanded. A good example might be a

problem solving tasg involving the correction of a operating defect on

a jet aircraft. Perhaps no transfer is necessary, for it is the F-14

\ :
and‘only the F-14 that is of interest. However, because of the

enormous inherent comp1exity of the circuitry of various systems, the

A\

‘task requires within it a high level ‘of discrimination and therefore,

has high cognitive complexity.

Format

Another re1ated feature of the task is the format in which theha;
assessment is made. Format includes both the‘descriptive mode in
whioh the'task\is presented, e.g., orint, graphics,'video recording,
and the form in which the response is desired, e.g., muTt1p1e choice
with four response options, written composition, and‘soron. Obviously

the format relates both to the practical matter of-presenting and

11m1ts, in. 11ngu1st1c features, and in cognitive comp1ex1ty. It is

possible, for instance, that format is truly an unimportant issue, and

that fact is demonstrated by the expectation that students will be ’

<

- able to demonstrate task mastery in one of many formats or”in all of a

number of formats." ‘

The extent to which fonnat dependence has taken over from optima1
1earn1ng requirements of tasks is documented by the attention the
genera1 education system directs to ‘test wiseness. Here the fonnat of
the test 1s regarded as separate from, and sometimes equa1 to (in

1mportance) the content and 1nte11ectua1 skill demanded by the task

\\_/ \

-
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itse1f. Inc]uding format as a particuiar d1mension of the task struc-

ture allows for the rational review of the ro]e of format and its
,relative importance or subordination to. ]ssues of content mastery. In
_ addition, the internal consistency of descr1ptions about’ generaiiza-
.tion of content performance quality and‘cggnitive complexity .can be

assessed in reviewing the format(s)- proaected for task demonstration. _

)

&

. Instructional Implications‘of Task Structure Dimensions
o , . ¥ _

The premise of this paper is that attention to task structure

dimensions outlined above provides a common focus for and defines the

-structure of assessment and instructional systems. In this section,
we propose to 1dent1fy the aSpects of the task structure that 1nexor-
ably lead ‘to 1nstructiona1 decisions. The problem in re1ating
instruction and assessment changes dramat1ca11y. Instead of dea1ing"
w1th the amount and degree of over]ap between activities and arti- _
facts, _one focuses on the degree of imp1ementation of the task |
structure itse1f,fa far different task ihte11ectua11y, and with the
potentia1, at 1ealt, for greater: satisfaction.

In dea1ing with instruction, let us. exc1ude from our discu551on :
‘issues related to affective, motivationa1 or social 1earning paradigms
and focus, for purposes of our ana1yses, ‘on the cognitive and behav-

| iora1 tasks of 1earning and teaching. c1ear1y, based on the 1itera-
ture in inrstruction (Bower & Hi1gard 1982 Gagne & Briggs, 1981.p,
Traub, 1966), a critical issue is extent t0 which students have _
been exposed to a particu1a: tasr’ifz in fact have had the chance V

Wy

1

| 1‘.‘69
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to practice 1t under conditions implied by the content levels, i.e.,

with both particuiar and generaiized examp1es, and at the level of

performance quality (such as d1scr1m1nation), 1mp11ed by the task.
However, opportunjt! to practice cr1ter10n behavior is necessary but
may not be sufficient for less able students: and more complex tasks.
If criterion behavior is too complex to be'acquired by repeated
rehearsais, what_should be dore first what.component skills must be

acquired7 Unijike many statements of obJectives, the subordinate

vc‘components of 1nstructiona1 tasks are inherent in the task structure

atse1f. The 1dentification of features over which the performance is-
expected to transfer specifies a set of experiences for the student.

For example, if the task structure is to be able to analyze particuiar‘"
propaganda devices in advertisements, news articles, editoriais, and
verbal appeals, then students would need practice with all specified
media as well as instruction and practice with each specified device.

The indicated embeddedness and subtlety of propaganda use would

' simi1ar1y suggest the successive range of difficu1ty that wouid be

appropriate for instruction. In other words, inherent in the task
structure is a plan for successive approximation of the end desired
learning tasks, where individua1 components are practiced and then
combinedoin increasingiy complex sets.,

The nature- of instructiona1 -tasks aiso foiiows from the specifi-

ﬂ .cation of content 1imits for performance quality: the classes of

concepts inc1uded in the distractors, or the criteria by-which the

uitimate student product is to be judged. For instance, in the‘

triangie discrimination task described above, instruction wouid need

to take ciear and differentiated account of the attributes of the
ool 44
;e 11 0



triangle of interest: it is a geometric figure; it has.straight,

Tines; it‘is closed; it is three sided. The.order in which these are
treated or the motivational context in which these ettributes are
introduced make little difference to this ana]yeis. The implementa-

tion issue is the extent and degree to which these attributes are -
treated, i.e. the extent to which instruction and practice deal with ——
each attribute,'sing1y and/or in combination, which represents a
signi%icant]& more refined vfew ofyépportunity to learn.

similarly, in constructed respopses; if a learner's writing is to
be judged on his/ﬁer use of coherent sentences in a paragraph and the
cho1ce of deve10pment used in the paragraph, then the 1nstruct1on
must, in a differentiated way, treat these options. Aga1n, the
context in which instruction occurs or the 1nstruct10na1 approach, is
not of first concerni matters of presentation style, sequence,‘et;.,
are not the primary focus because valid differences cannot be dis-
cerned in the absence of specified treatments, treatments which are
directly relevant to and derived from the desired learning. Once
more, the issue becomes Qheﬁher the elements of the task structure can
be found in the instructiona: provisions for the students. Iﬁ is an
implementation probTem; 1ook1ng at frequency and intensity, rather

than a problem of determining over1ap.

Metastructures for approaching these 1nd1v1dua1 1nstructiona1 |
compohents of the task structure depend on the educational philosophy
and instructional style prEference“of the teacher. Direct instruction -
(Roeeﬂshine,-lgsz) and task ana1yses (Gagne, 1977) approaches td_ . |
teaching mey be appropriate. On the other hand, a less directive,
ore 1nqu1ry-or1enfEd appkoach”may_be preferred. Most important to

. - -
8 4 -
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note, however, is that the act1on changes fron attent1on to the
process of instruction, or how instruction occurs, to the substance of
instruction and the modelling of the structure of task itself.2 Our
belief is that the way to outcomes is far easier and of secondary

importance if the quality of outcome desired is sophisticated and well

described. Targetted Tnstrmction under whatever approach, will Tikely .
be more effective than mbre di ffuse attempts. You have to teach "ig"

if "it" is going to be learned.
‘ Applications of Task Structures

Since it is obvious that the rhetoric of design and change is B
insufficient jtself to create the conditions for implementation in |
education, what is the 1ike1ihood that such an appreach is practical
at al1? Organizations responsib1e for implementing educational

practices 1ike public schools, are often not change-oriented them-
selves. They would rather adopt the surface appearance of change and
innovation (Pincué, 1975) than- to undergo the dis1ocet16h that real
change implies. |

" Having laid out our ideas on task strmctures and the promise they

hold for making the educational process more rationa!, fair, and
1nstruct10na11y effective, let us consider'their possibilities in
practice. Or have we, 1ike the academic friends we've criticized,
proposed an ivory tower system that will not survive the test of
reality? | ”

, First, 1et us consider a serious distortion of the 1deas we
espouse:‘ minimum competency testing. Essent1a1 in this movement is

| o TS 112
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the idea that schools should be responsible for assuring the acquisi-
tion of particular ski11s--1eakning tasks--and that these skills
should be the subject ‘of both instruction and testing. Yet, in

practice, the target skills do not truly reflect school and teachers'

‘main goals, and the natural linkage of instruction and testing within

the system has not often occvr?ed.'*Tnsufffcfentmtechn1caT~expentise,~§~ﬁ
often vo1at11e po1Jt1ca1 environments, and high stakes have combined
to produce more rather than less irrationality: ninth grade--on
1ower--ski11s many represent essentially a riew one-year remedial
curr1cu1um masquerad1ng as the minimum competency for high school
graduation. Such may be the fate of most top-down change mandates
that attempt to solve complex educational problems with simp115t1c
solutions that are 1nsensdtive_to local context.

| Our experience, howeter, indicates that more positive outcomes
are possfb1e,'and that approximations of our learning task approach

are feasible in practice. Below we allude to two ‘approaches we have

used to implement task structures. The two examples vary 1n’the local

motivation for change and the source of educational goals--or the
1earn1n§ tasks to beﬂaccomp11shed. The examples f1lustrate a “mjni-»
mal" and “maximum" attempt at- change. :

With a minimalist view, one school district attempted to so1ve a
common district prob1em, “Raise those test scores." | _ Learning tasks

were d1rect1y inferred from the actual content of the tests- 1n ques-

/

tion, 1.e. the task structures were defined to para11e1 state assess-

/«—

_ment test content.v'D1str1ct curr1cu1a were ana1yzed to determ1ne the

e

-~extent “to wh1ch 1nstruct1on and pract1ce were prov1ded for each

’771earn1ng task. L1tt1e d1rect and exp11c1t over1ap vas found and

ST 113
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supplementary practice exercises and cues for instruction were devel-
oped to fi11'in the gaps. Additionally, test performance was analyzed
school-by-school within the district and school soecific instructional
prescriptions were created. School-wide strategieseand explicit,
1nstructiona1 guidance and mater1a1s for teachers and students were

_designed. The entire effort was 1n1t1ated centra11y and recefved

strong district leadership and subsequent principal support. Hh11e -
some might question the validity and value of such "teachfng to test"
activities, the effort was directed at 1nstructiona1 " improvement,
based on the 'goals measured by the test, and servedathe_practica1
needs of the subject school district. |
More comprehensive change efforts have been conducted; 1n other
local contexts, using a more grass roots approach. Severa1 change
efforts conducted Byvthe'UCLA Center for the Study of Evaluation have
used a multiprong curriculum-assessment-staff deve1opment strategy.'
In these instances, teachers have been trained in the task- structure
approach to integrating instruction and testing and 1n sound test —
-deve1opment techniques. Teachers then p1ay the/active'roie:/;; h some
technica1 assistance, in def1n1ng cr1t%ca1 learning tasks for their
subject area, 1n e;plicating the dimensions of each task and in
‘s.construct1ng suftable test items. The resu1tant tests are»subsequent-
1y used to diagnose individual, .class, school, and district needs, and.
to monitor student achievement. Model {instructional approaches and
'teaching lessons for the target Iearning tasks also support the
» + process. o ¢ '
More comprehensive 1np1ementat1on of task structures 1s

possible. Applications in emerging techno1ogy and in the private

=
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sector in highly technical training environments represent two poten- !
tial opportunities. In both cases, the incentive for high quality
‘training may be possible to an extent not present in*pub1ic school
edqcat%on. In the”second case, there are controls on»the selection of
the group to receive education, e1ther because they are hired or

otherw1se screened and teaching cond1tions and student motivation are-

© more tractab1e. The use of. techno1ogy 1s a seductive arena not only
because the personal and idiosyncratic mediation of 1nstruction by
teachers w111 be avoided, but also because of the possib111t1es for
c1oser monitoring and 1mmed1ate feedback with refined branch1ng and

remediation options.

_Theoretical and Applied Research Issues . -
pp ‘,/_f,,,/,//

[

-

I

——The Tole of theory. 1n research on task structures {s obvious.
However, the theory of interest 1s not peychometric theory, but rather
% propositions that grow from perspectives in cognitive and behaviora1,
1earn1ng in the field of psychology, in psycholinguistics, and in
contrastive 11ngu1st1cs. A pract1ca1 1ssue re1ates, ‘once more, to the
level” of generality necessary and the inherent re1ationsh1ps among
‘features of the task structures. For examp1e, can one have re1at1ve1y
simple content and require sophisticated cognitive processes? The
“answer on a single instance 1eve1 is "of course",'but how generof is
that answer?.  What is the're1ationsh1p between 1an§uage complexity,
cogn1t1ve processes, and transfer and generalization of content? How

c1rcumscr1bed or broad can a task structure be; that 1s, what are the

Jimits or optima1 1eve1s of genera11zat1on?. These and other more N

Q r f. v‘ﬁn‘fii,:“- 115




prqvocative questions reed exploration as well as testing in alterna-
tive contexis and degrees of imp]ementafion. At any rate, what we
hope will happen is that those with-psychometric skills and those
th;e expertise is in the areas of learning and instruction will meet
1n€b11ectua11y and joint1y continue the task of'focusing educational

productivity on learning tasks.

o ey o 116
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