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Abstract

A 128 item examination was produced by randomly selécﬁing‘items
f;om an existing item bank ap thé Univeréity of Alberta Hospital
School of Nursing. The items were.evaluated és to £hé amoﬁntfoﬁ
information they provided in differentiating.betweén 62 nﬁrsing‘
sfudents whé werefwithiﬁ one month of graduatipg from diplomé granting
nursing.schools in Alberta, and 89 beginning students who were

within one Aonth of starting courses at the same schools. .

Classical item énalysis technlques were adapted in such a way'ag
to compare both groups on several criteria. The‘resultaﬂt iten
analysis data, conéiéting of difficUlty leQel, point bisefial

‘correlation and distractor diécriminating power, was'combared to
previously éomputed ideal values for difficulty levels, point biserial
correlations and distractor disérimiﬁating powWers. |

The 128 test 1tem$ were efaluated using three different
analysis methodolagieslin order to determiné whi&h meﬁhod‘produced
the most useful inférﬁation for iten revisions. fhe three analysis
methods ﬁhiqh were compared were a classical test theory analysis,

a comparison matrix of the beginhing and gradﬁating students, and the
adapted analysis méthodologyvdegcribed above. 'Suggéstions for types
of revisions needed for items were ghven according to the information

provided through the adapted iten analysis method.

iv
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Ic‘Introduction Pi ‘)
+ A school of nursing nas a responsibility fo‘its students, to
itself and to the general iubiic to ensure that only those
nursing students who are safe, knowledgeable practitioners are allowed
to write registration examinations as administered by the Cepadian‘
Nurses Association Testing Service (CNATS). To carry out this
responsibility the school must evaluate its students in all aspects

of nursing; that is cognitive,«affective, and psychomotor . ‘However,
[ : - } .

it is only the cognitive aspect of these three domains that the

fegistretion exaninationsgultimately test by means of m iiple cholce
examinations. Sincexfhese fegistration examinations are administered

on a nation wide basis,‘they must focus on knoﬁledge which is common

- to all nurses in Csnada; that is, the core of nufsing'knowledge.

A second responsibility-of the school is to prepare its students

".to the level at which they a:« 1ble to pass the'registration

examinations. It would seem that this end could in part be |

accomplished by giving students opportunities during thei. xi. aticnal
programs to:answer multiple choice items which are similer to thoSe on
the . registration examinations; and also tc)assist them to diagnose
their strengths and weaknesses in relation to the ‘core of nursing
knowledge. .

In order to ca:iy out this dual responsibility of providiné. ‘
feedback to the stud Jts’and assessing competence in nursing-knouledge,
some form of evaluetion’is necessary. Testing of the cognibive
component can be achleved thnough~the‘administrétion of muitiplecchOice

examinations in nursing. Through these the student gains experience in
|

~answering multiple choice items, the instructor and students are able

1.



to diagnoée areas requiring remediation, and the school administrators
have concrete data on which'.to base decisions as to which students
. . i o
should be allowed torwrite the registration examinations administered
. ! 3

by the CNATS.

0 » 3

Inherent in this position is the assumption -that the -multiple éhoice
items on which the graduating students are tested -are valid items.
| That is, fhe itehs exhibit the four types of- validity; construct,
'TCOﬁtent3 cdﬂéurrént and predictive. FirstJ the items argAable to
differentiafe between those sFPdénts who have mastéred ?hé cdnteht ,
essential to nursing and‘those who havé not mastered this éontent;; }
second, the items ref;ect the body dﬂ/knowledge which is esséntial and
ﬁirticular to-nursing; third: the student;s performance onkthe“itgmg T
 reflects the knowledge demonstrated by tﬁe student in the clinical
situétion;'and fourth, the items are similar to tbose used oﬁ the
ONATS registration examinations in nqrsing. ©
‘ , o ,
Content validity, that is the measure of the item's reflection
of essenﬁial nursiqggcontent,»cah best be acpigved by ¢omparing itéms .
to }nstructional objectives, or.by-having practyging hufses evaiﬁate
fthe{éubject'of théviteﬁ'in light of éufreht work experience. As-‘
Cronbach,(1971), Popham and Husek 89569), ;nd Sax (1974) state, the
establ%sged meﬁhod for item formulation is to match items to the
‘kﬁoﬂled;; objecti‘?s of the course of study. However, as no fopmdiiy ‘
documented core of nurs%ng knoﬁlédge exists in Caﬁada;at pre;ent, “
the%e'is no basi; 6§'which to eéfablish the coﬁtent’validi;;.of
examinations uééd iﬁQpreparatidn fdr :egistréiion éxaminationé. ;
"An-item's‘utiiiﬁy in diéqrimiﬁafipg Betwéen competent and

non-competent students is achieved by comparing the éxaminees'

R -
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eperformance on an examination to some type of standard. This~

standard might be an &bsolute one which is,established by ensuring
both content validity and .clue-free construction of the items. In thisﬂ‘,

fcase students achleving above a set cutting score or range of scores - ,
are termed competent, and those not achieving this standard are |
deemed non-competent. A problem exists in this method of standardization

~.as classical test . theory analyses methods are based on the assum%tion
thats the performance of subjects approaches a normal distribution,
distribution having a high degree of. variance whereas, by the time
students are nearing the end of eh instructional program which alms

at competency, the subJects performances more likely will be

positively skewed, show 1little variance, and will not be normally-

distributed. k

A much more frequently uged measure of item quality is based\on a
relative standard In this case examinees completing a test are

compared to each other, and an interpretation of the gysults is based

on this comparison. Each item in the test contributes to the

comparison and is evaluated in terms of its contribution to the overall

‘discrimination between competent and non-competent'examinees.. 4

'Statistica.l measures have been developed which ald in the evaluation R

of such items. For instance, a measure of the relative difficulty of

an item is omne criterion which can be used. An item which the

maaority of students answer correctly might be evaluated as an easy | \

item, perhaps because it is poorly constructed perhaps because it |

tests general knowledge rather than knowledge specific to nursing, or

perhaps because 1t tests essential nursing knowledge with which all’

examineeslare familiar; Similarily, correlations can be used to

'E’
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determine, the extent to which each item contributes to the entire test
dlstinguishing between high ind low ranking groups. An item might
have a high corrilation,to the ovewall ranking of examinees, or it may
have a small or\negative correlation. Negatively correlated items
indicate that there is some inherenf fault; whefeas small correlations
may in&icate a fault, or lack of knowledge by all examinees, or
knowledge common to all'exami%qes. g

Angtﬁer problem arising from~the interpretation of the statistical .
analysis is’the determination of the causal factor or factors leading
to the students’ péifdrmance on a particular item. Fac£ors may be
external to, the item itself and in actuality be due to the persons

o ;

being tested. If character$stics of the subjects are held‘copstant, or
built in to a particular group, interpretatidn,of the above statlistics
becomes much more meaningful. For instance, if d ‘4is constructed
in suchba.WQY'?un;it is comprised of kno;g competent and non-cbmpetent
'subgroups{‘it is possible to establish én-"ideal" performance for that
particular group. This "ideal" performance 1s calcuiated using a
hypothetical group in which competent studenté answer items COrréétly
‘{apd noﬁkcqmpetent'stﬁdénts anéwer items incorrectly. Tﬁoée'items

)
which act in the "jdeal” manner can be identified, and those which do

not act in this manner‘can be set aside for revision.

;\‘\
L

-
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.Statement‘of the Problem

This study'is being conducted in order to establish‘é method for
evaluating test items based on their utility in differentiating

between examinees: who possess competence in nursing, and those who do
not possess this competence. More specifically; the individual



problems are to:

2

1. deViﬁﬁ\a methodology whereby test items are
. evaluated in relation to thelr utility in
diffeienfiating between a kﬁOWn group of
graduating nursing students, and a known

group of beginning nursing students in
diploma programs in Alberta;

é. establish whether or not individual test
.»items are able to differeﬁtiate between
the known group of giaduating nursing

students and beginning nursing students;
andb3. determine which'specific analytical

procedures pfovide information about the

utility of indjvidual test items in

differentiating between the two groups.

Need for the Study

The University of Alberta Hospital School of Nursing is currentiy
using its item bank to produce examinatlons at various-points in its
nursing education program. One set of examinations is administered
prior to graduation.in‘order to assist the students to prepare for
writing the registration examinations:. This set of tests covers
content areas included in the registrétion exaninations. Since, at
present, there is no oﬁtline.of what is considered to be core nursing
knowledge within these content areas, selection of appropriate items
is based on the judgement of individual nursing instructors. -

The item apalysis method used in this study could be used to



-

assist those producing the examinations to select those items

which would indicate nursing competence, gnd*;n»revising those items:
which do not meet the criterion of testing éompetence. The tool could-
also be used in a combined effort by all schoo:; of nursing which
prepare students for registration examinations. Each school could
test items contained in its own examination item bank, and the ideal
items then could be combined in a province-wide bank of test items
which could be used to test knowledge prior to the CNATS registration
exapinations. It might also be feaéible to adapt the methodology by
changing the particular subgroups, to evaluate items for various otﬁer

purposes, such as to distinguish between items appropriate to different

levels of the same program.

Delimitations

The group of "128 test items used in this study were selected at
random from the 1882 items contained in thewUniversity of Alberta
Hospital School of Nursiﬁg test item Bénk. The i%ems from this bank
‘are currently used to test nursiné students in a hospital based
school df nursing iﬁ Alberta which prepares studenté for registratibp.
These'itéms were drawn at random from medical, surgical, pediatric,
and obstetric sections of the bank. They also cover four types of
multiple choice items, categorized aiong'two factors; non-sitﬁatiopal
or situafiqnal, and multiple component or single answer.

The gfoups of nursing students involved inbthe'study’are from two

schools in Edmonton, Alberta. - Both schools offer basic diploma

programs in nursing leading to eligibility to write registration
examinations as administered by the CNATS. One of the schools offers



a three-year hospital based program; whereas the other offers a two-

year community based program.

Limitations
The methodology.as developed is only generalizable £o nultiple
\ - .
' choice examinations in nursing which have a single correct answer. The
étudy is further limitedlby the fact that mental health items are not
l'included in ‘the ifém bank as yet, and thus are not included in the
test examination. Further limitations érise Because ﬁhetéample sizes \
of both items and students are small iﬁ relation to their respective
populations; ;nd‘the student‘subjects are drawn from a very narrow
. subset of the populatioq. By nature of the establishment of a test-
group wifh known éharacteristics of competency and non—competencymin h {
nursing, the resultant distribution of scores is bimbdql.rather than
normal as assumed in the statistical analysis. |
_ —Assumptions ) o ' i .
In order to carry out this study,'it is necessary to make the ’
following assumptions. |
4 1. It is_assumed that the Canadian Nurses Assoclation
Testing Service_registration examinafions.teSt areas
of knowledge common‘to‘all basic nursing education
programs in Canada.
2. It is assumed that the 72 subjects in Group I who are
* within one month of completing théii basic education
: in Alberta are representative qf all nursing studenté

_ in‘Alﬁéfta who are about to write the CNATS



Questions to be Answered

registration examinations in nursing.
It is assumed that the 93 subjects in Group II

who .are enrolled in the first month of a basic

nursing education program/in Alberta are
representatiVe'of.all students entering basic

Y
) . Y
nursing education prggiams in Alberta.

Since the members of Group I have received
nursing instruction, and since the members of

Group II have recelved no instruction in

*

‘nursing, it is assumed that the members of o

Group 1 are more competent in nursihg than the

members of Group II.
. emt a

\

)

¢

In order to solve the problems as outlined, this study was

directed towards answering the following questions:

1.

2.

Would a group of test items specific to nursing
be qple {o differentiate between an known group
of graduating nursing students, and a known

group of beginning nursing students?

‘Gould an item analysis technique be adapted from

a classical test theory analysis technigque in

-such a way as to compare ideal values for |

difficulty level, point biserial correlation,
and distractor discriminating power with actual
values for these factors for items teétédvon a

known group of competeﬁt and non-competent students?



3. Would an item analysis teéhnique which compares
“actual and ideal values for diffiéuity'level,
point biserial correlation, and distractor ‘

discriminating power provide more precise -
. information for item revision than a classical
item analysis method? |

4, Would an item analysis method which comparés

actual and ideal values for difficulty level,

point biserial cqrrelation, and disﬁrac@or ‘
aiscriminating power provide moré precise
information for item revision than a technique
based on a matfix.sorting of tﬁé difficulty
levels for itemé tested on kn;wn‘groups’of

competent and non-competent students?

Definition of Terms
Térms and phrases used in this study are operé{ibnally defined in -
the folléwing pa;agraphs. | | @
1. Common Nursing Knowledge
| Common nursiﬁg.knowledge refers tb
that knowledge which 1s éommon to all basic |
: nursing education programs,.bﬁt which 1s sepafate
‘from prenursing education knowledge, a§ shounvby
the abllity of the gréduating nursing étudents
to corfectly answer the item testing said |
knowledge, and the inability of the beginning

students to answer the ltem correctly.

Sl b T R e b e

e s sy



4

2.

4.

1

Graduaéing Nursing Studentsx

Graduating nursing students are those
individuals who are,engaged in their final
year of studies at a diploma granting
program in nursing, which leads to |
eligibility to write registration examinations

as administered by the Canadian Nurses

- Assoclation Testing Service.

:Beginning Nursing Students:

Beginning nursing students are those
individuals whe are engaged-in their first
month of siddies at a diploma graniing

» : i
program in nursing which leads to
eligibility to write reglstration examinations
as administered.by,¢he Canadian Nurses - |

Association Testing Service.

Difficulty~Le§;1: | :
. o
Difficulty level (pi) refers to the g

proportion of students who eorrectly answer
an 1tem. It can vary from O;OOOAto 1.000,iand is
vcomputed by means of the formula Py = p/n; where
p is the number of subjeets answering an item

correctly, ‘and n is the total number of

subjects answering the item (Henrysson, 1971, p. 139).

5. Tdeal Difficulty Levels

The ideal difficulty level for ltems is

calculated from a hypothetical group of



éompetent and hon—competent étudents.
Allowing for a 10% chance of error, the
pércegtagé of competent students answering
an item correctly was set at 90%; while the
percentage of non-competent students answerihg
an‘item}correctly was~equai to that of chance,
that is 25% for a four distractor itemi‘and
20% for a five distractor item. |
6. Point Biserial Correlations
| _foint biserial correlations measure the
extent to which an iteﬁ portrays the total
.'teSt_results'by comparing the,eiaminees;
ﬁerformaﬁce on an item with thelr performance
on #the examination as a whole. The range fgr
the correlation is -1.000 to +1.000. Point
biserial cotrelations a%e calculated using
the fofmulas. ‘ ‘ , -
r = (e - R)/s /77
where ﬁ is the proportion of correct answers
to the iteﬁ, g is the proportion of incorrect
 answer¥ to the item, Xp‘is the nean on the
total test for those ansﬁering tﬁe item
corﬁectly, i;is the mean on the total test
for those _ansﬁering the item, and Sx is the
standard deviation of the test séores

(Ferguson, 1976; p. K17).

-
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* 7. Ideal Point Biserial Correlation:
The ideal point biserial correlation
is based on a hypothetical\grbup of competent
and non-ggmpetent hursing students. It is
calculated By using the above formula, and
‘allowing for a 10% chance of errof among the
competent students; a 25% chance of correctly
answering a four distractor item, and a 20%
chance of'correctly answering a five
distraétorlitem among the non-competent
: Students.
8.-Distract§r Discrimina£ing,Power:
Distractor diécriminating power is a
measure of the ability of an item dié%ractor
. to distinguish between thése'examinees who do
.well on the total ﬁest.and;thdse who do poorly
. on the total test. The iange for the .
disérimina.t;ing power is -1.000 to +1.000.
Discriminating‘powérs are.calculated using kf;)
the formula D.P. = H - L; where H is.theb "
proportiéﬁ of high scoring examineéé ’
who chose the distractor;‘and Lvis‘the
propoftion of low scoring examinees who
chose the distractor (Henrysson, 1971, p. 145).
9. Ideal Distractor Discriminating Power: °
- The ideal distractor discriminating power

is pased on a hypothetical group of competent and



, ~
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“ .

non-competent students. The calculation allows
for a 10% chance of error among the competent
students, and a chance proportion of
correctness among the ndn-competent students;
that is, 25% for a four distractor item and 204

v . for a five distractor item.

Summary

w As the University of Alberta Hospital School of Nursing test item
bank is being used, it is becoming evident that the items need to be
evaluated as to their usefulness in performing certain'specific-tasks.
It.is'the purpose of this study;to‘develop a nethod of evaluating
iténs as to their utility in distinguishing between thoseistudents
who are competent and those who are not competent in the field of
nursing. Theories of testing and item analysis on which the adapted
vmethodoloéy.is based are outfined in the next chapter. Chapter 3,
in turn, delineates the mechanics‘related to the development of the
instrument snd evaluative methodology; while results of the

implementation of the instrument, and implications arising from this

are reported in chapters four and five«

<



II. Review of Related Literature N
Education, as defined-by Krathwohl and Payne (1971) is "a process
of changing student behavior to achieve certain specified goals" (p. 18).
Testing thus becomes a means of determining whether or not these goals
nave been attained, or in other terms, a means of decision makiné{

Cronb#ch and Gleser (1965), Ebel (1965) and Glaser (1963) relterate

\\

~ this functional definition of testing with the added stlpulation that \-

the quality of the decision is directly related to the type of -
measurement used in the test itself, and the extent of its validity for
tne t&ﬁe of decision neededr That is, the ouality‘of»the.decision is
directly related to the.test type and structnre |

Therefore in this review of the 1iterature relevant to the study

of test theory, an initial step is to explore the uses of tests in

\relation to the types of decisions required. This is followed by a

\

review. of test types, their formulation, score interpretation, -and |

item analysis. | ‘ o S

Uses and Strhctnrek

4Manning (1965) broadly categorizes three tyﬁes of tests;
those used for decislons related to selection and distribution,'tnOSe
related to diagnosis and prescriptlon, and tpose for evaluation (p. 14).
Authors such as Dressel (l964), Ebel‘(1965), Klein (1970),
Lindquist (1951), Sax (1974) and Thorndike (1971) outline vardous uses
of tests in more specific terms, all of which fit into these three
categories. ‘_ ' | | o

: N ~ ‘
Selection and distribution decisions may be made to certify

’conpetence in a training or professional field, select students for

14.



admission to an institute of higher education, award scholarships, or
' assign students to particular types of curricula. Diagnosis or
prescription tests are used to motivate and direct learning to least
known areas, determine remedial learning ngeds, gilve feedback to
students, or in themselves teach. - Promotlon and grading practices
fall into the category of evaluation.

The varlation in test use necessitates differences in'test
) structure, so that the specigic test best serves the'intended purpose.
In general, two basic structures in testing have emerged; the first
being a norm referenced, and the sgcond being a criterion referenced.
- form of test.’.The ma jority of the literature within the past two
. decades has focused on,the uses; abuses; and'difficulties arising
from tne implenentation and interpretation of criterion referenced
-measurement. Yet, as norm referenced testing is more commonly
understood by the classroom teacher, most authors use it as a

‘

foundation for discussion. ' This particular format will be adhered to
in this review. |

Norm and criterion referenced testing. Norm and criterion

.referenced tests differ basidally in the standard to which the examinee s
' achietemént is compared There is general agreement among authorities
in the testing field that a norm referenced measure is used to compare
“an individual s performance in relation to that of others'onrthe same
test; and a criterion referenced measure 1s used to ldentify the

. individual's performance in relation to a pre-established standard of
performance'(Esler and Dzubia.n, 19?1+' Glaser, 1963; Hambleton and |

Novick, 1973; Hunt and Randhawa, 1976 Popham and Husek, 1969;
Thorndike, 1971). By using this distinction between the two test types,

o



it 1s possible to reclassify the uses of tests as reported by Manning.
Criterion tests are used for dlagnostic purposes, evaluation, to
ascertain the need for remediation, and in some instances, to allow

certification of minimum competence in a field (eg. driver training). .

-~ Norm reference tests are traditionally used to grade and promote

students, assess entrance qualifications to institutes of higher learning

where quotas of student positions are in effecyy and award scholarships.
Although an overlap exists in the use of both types as measures
for promotion and assessment ofscholasticachievement, Shoemaker (1975)

. summarizes the recent trend from the traditionai normative form to the .

|
N

criterion referenced mode s

There is the furor over criterion—referenced
achievement testing and the concomitant

]‘dissatisfaction with standardized achievement -
tests. There is the public demand for concrete
evidence that the monies being spent on education

' are being spent well. And -there is the necessity

for a precise assessment of student achievement ‘
growing out of the desire by goverment, both
state and local, to allocate resources in
accordance with educational need. (p. 128)

v

Yet he and Dzublan and Vicker,(1973) point out that much of the
reluctance to, change is due to the classroom'teacher's security in

traditional methods, and the lack of easily interpreted

evaluative measures for the criterion“referenced‘tests.

ﬁgormulation of Tests

As early as 1931 Ralph Tyler proposed a ten step process for the

formulation of tests. - The steps are as follows:

—e



»,1.'formulation of course objectives
:2,.definition of objectives in terms,of‘student, .
) 5
behaviors '
3. collection of situations in which.students will
reveal the presence or ahsence of each Sbjective
L. presentation of situations to students
5. eualuation of student reactions in light of
each objective _
6. determination of the ohjectivity oflevaiuation
| 7. improvement of the objectivity as required o
8. ‘determi‘nation of reliability | |
d9. improuement of reliability as required
10;,development of more practicable measurements
| as required
| These ten steps ‘ha¥e been adhered to through the years since they
Were. first published by constructers of both norm and criterion B
referenced tests (Ebel, 1971; Gla.ser, 1971 Thorndike 1971,
Vaughn,y1951);' The difference betueen the use for the two tests tends
to centre in the level of'specificity of interpretation of the first '
three steps, and in the £1fth step. ‘

“Relationship to course obgectives. Hivelx (1974)‘in his text on

domain referenced testing descrihes this phenomenon of multivariate
interpretation very well. He describes a task of improvement in the
skill of - shooting flying targets. In the domaln referenced mode,
(criterion mode) the test situation is clearly outlined to-the
subject prior to the examination, and direct feedback is given as

to the specific.areas needing improvement. No comparison is made to
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other shooters testing their skills in fhe same situation. In the

na;m referenced mode a much more generalized idea of the test situation
is given, and feédback is directed to the examinee's abili£y in
comparison to other sﬁooters, but not to-specific skill areas
-needing.improvement. |

At this point, it seems appropriate to clafify some of the terms
synonymous wit? criterion referenced testing. In various texts and
articles, criﬁ;rion referenced tests are alternately referred to as
competency based, tests for mastery, and domain fefe;enced (Bloom, 1973;
Hively, 1974; Millman, 1974). Popham (1975) seeks to clarify this
potpourri of terms by his functional definition of a criterion
“referenced test as one which "is uéed té.ascertain an individual's
status wifh respect to a well-defined behavior domain"\(p; 130). Fréﬁ
heredn,7the term critérion referenced test will be used to refer to any
of éompetency, mastery, or domain referenced tests.

In act ty, the;term domain referenced test arose from
diffiéultie:?iicountered by early theorists in delineating the entire
popuiation bf test items which would be measures of a particular
5ehavioral objective. The examinée's performance on the entire
population of items is the W%easure of an objective. However, this
| population of items is often 200 large to provide a feasible test
situation. Therefofe, an estimate of thé examinee's #bility with
respect to the objeqtive is madé from his ability on a random saﬁple
of fest itemsyfroﬁ a cléérly definedydomain of items which measure the
| objeétive:(Hambleton, Swaminathan, Algina, Coulson, 1978, p. 3). In
'many circumstances, test ltems ére referenced to objectives, but as ‘no

domain of béhaViors‘is‘specified, the test, by definition, is not
N : . .



criterion referenced. This particular circumstance may arise in the
‘ X »

formulation of norm referenced tests, and follows the first two steps
\ :

as identified by Tyler. In this particular situation Hambleton et al
(19?8) states

that when items in a norm-referenced test can

be matched to objectives, criterion-refererced

interpretations of the score are possible,

although they are guite limited in generalizability.

A criterion-referenced test constructed by

procedures especlally designed to facifitate

criterion~referenced measurement can ahd ‘ o
_ sometimes is used to make norm—reférehced

measurements. (p. 3) -
The authors proceed to state that these are not the most
satisfactory situationé however, and that decisions made under these
circumstanqés.are.somewhat tenable. |

-Item reliability. A second distinction in the formulation of a

criterion referenced versus a norm referenced test, centers in the

interpretation of steps six and eight of Tyler's format, that is,

in the determination of the objectivity and reliabjility of a test. If

-the pu;ﬁbse, as in norm referenced testlng, is to compare éxaminees,
test items must be formuléted to maximize minute differences in;
knbwledge gpd thus spread examinees on a lineaf;continuum of
achievemént. In criterion referenced tests the minute differences
between examlnees lose‘their mganingfuiness. Therefofe variance based
correlations which are used in the analysis of rellability of norm

referenced tests are not applicable in criterion referenced tests

(Dzublan and Vickery, 1973; Hambleton and Novick, 1973; Hunt and
"Randhawa, 1973; Lord and Novick, 1968; Popham and Husek, 1969).

[

-
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A more extensive review of tnis area is included in the section
.dealing with the difficulties arising from the interpretation of test
scores. Yet it is an important means of evaluating the quality of
items being used to make up a test, and thus in the selection of those

items.

i

Interpretation of Test Scores

Popham and Husek (1969) succinctly examine the reporting and
interpretation of test results in relation to the type of decision-
" making information gained from the test. Since norm referenced tests

are used for group comparison decisions, results are published in

comparative terms such as percentiles, ranking, stanines, or some other

form of standard score. The drawback to this system is that little is
known about the absolute ability of the individual examinee. In an
attempt to increase the meaningfulness of the comparative score,-
range, mean and standard deviation are often reported as well
(Ferguson, 1976).

Interpretation and renorting of criterion referenced test scores
are'made with reference to some specific mastery score ( or a set of
these scores ). The individual's score is reported in terms of
achievement or non-achievement of some pre-determined set of mastery.
In the ideal situation, mastery would be the state of answering all
: items within a specified domain correctly. To allow for SOme error
factor, the mastery.level is often set slightly below -100%. The use
of several cutting scores Qllows for allocation of non-mastery
examinees to different levels of remediation treatments (Popham and

Husek, 1969). Again, this particular method of score interpretation

20.
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is incomplete in many éases, in which an estimate of comparative
expertise is desired. In this case group scores may -also be reported
by a te;m such as 92-90, meaning that 92% of the group achieved 90%
or better on'the examination (Popham and Husek, 1969, p. 8).
Ebel, @962}>p. 15) emphasizes‘that in criterion score interpretation
\
a separate score\hust be reported for each domain tested. If a
+ compilation is reported, the>éxamineejis not able to Aiscriminate areas
of non-mastery from those of mastery. Hunt and Randhawa (1976) report
four ways of expreésing criterion referenced. scores. |
1. The number oxr pegceﬁtage correct on a
given objective or set of itemé that |
encompass a feﬁ highly related objectives.
2. "Master" of a given objective or set of
1tems where "mastery” is defined in terms
of certain levels of pefformance such as
90% -correct.
3. The time it takes (class hours or days)
) for an individual to achleve a giyen
performance level.
4. The probability that fhe student 1s ready
to begin the next level of instfuction. (p. 11)
-In his writings from 1962 to 1971, Ebél reports that no matter
which form of testing is used, the score, to be meaningful must
relété both to the content of the course, and to the examinee group's
performance. | | .

True score. Aside from the meaningfulness of a score, another '

difficulty in the interpretation of both norm and criterion referenced
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test scores lies in the use of the examinee's raw or observed score

as an estimaté of his true score. True score is defined as "the

average of the scores that the examinee would make on all possible
parallel tests if he did not change during the teéting process"” (Loxd,
1967, p. 41). In more practical terms;.the true score is the
reflection of the examinee's actual knowledge ahd ability, uncompromised
by any external'factors.d This concept applies equally as well to norm
as to criterion referenced scores. The exﬁminee's raw score is thus
made uﬁ of two components, his true score and his error sCo:e. It is
‘the error score that is’due to factors external to his actual ability
and knowledge (Jones, 1971). His true score can be expressed as a
linear equation T = X - E, in which X, the observed score, and E, the
error score are both variable, but in which T, the trué score is
constant for the examinee (Gulliksen, 1950; Lord, 1967; Lord and
Novick, 1968). | | | | ‘

: “Lord and No&ick (1968) report that there'is>somevdisagreemenfgas
expressed by Loevinéer (1957) and Thdrndike (1964) on the importance of
“the céndept of a true score, as 1t can only be estimatéd‘and not
specifically determined. Yet Gulliksen (1950) uses a reduction in the
varianée of .erroxr séores asla cornerstone for improving a test; _"Much
of the effort in test construction, test réviéion, test analysis, and
the precautions of test administration are for the purpose of |
decreasing thé value of Se (error of measurement)" (p. 11). Geqefal
causes‘of and ways to reduce the error of measurement are reﬁortedbinu
studies of three basic tyges of efrors. The flrst type refers to thpse

errors within the examinee, such as fatigue, lack of motivation, test

wiseness, or anxiety; the second are within the test itself, such as



ambigulty, poorly worded directions, and poorly constructed items; and

the third type of factors are those found with the scoring conditions,

such as carelessness, a lack of set standamds, or computational errors
(Alker, 1969; Diamond,i1972; ﬁopkiﬁs, 1972; ,.19 Q: Strang, 1977;
Wright, 1967).

Further in the attempt to reduce the error measurement as much as
possible is tne study of the measurement instrument itself. These
studies focus on two main concepts, first that the instrument.is
accurate in measuring what is intended to be measured (validity);
and second, that the scores will be reproduced exactly on remeasurement
(reliability). |

Validity. Although the concept oflvalidity seeme‘to be axiomatic
to test theory, there are meny varied interpretations of the term.

In 1961, Ebel identified six unique definitions of the term (p. 220).
Based on the differences between the definitions,‘he goes on tOASuggeet
| that validity as a concept is net important,; and that the test‘
interpreter would dc well to focus on the meaningfulness ofitest scores
as a measure of test quality. The American Psychological Aesociation,
in an attempt tc standardize,some of the work on validity‘published

a document in 1954 which outlines four types of validity (pp. 13-28).

| Content validity indicates how . faithfully the obJectives and emphasis
of a course of instruction are represented by the test. Predictive
validity indicates the test abllity to indicate future traits. ‘The
validation 1s based on the correlation of test scores with evidence of
the trait gathered at a later date. Concurrent validity is similar to
predictive validity except that the correlation is made between the

‘test and evidence of the trait gathered at the same time. These two

23.



latter types of validity are sometimes grouped under the term of .‘
criterion related validity (Cronnach, 1971,.p. iy Saﬁ. 1974, p. 209).
Construct validity refers to the quality of a test in inferring what
psychological traits or constructs a test measures, such as the use of
the CNATS registration examinations to measure the examinee's ability
to implement safe nursing care. | P
Analysis of validity is done through correlational studieSj and as
such is dependent on some variance within the abilities of the subjects
being tested. Therefore measurements of validity are more’ meaningful
on norm referenced tests ‘than on criterion referenced tests (Hambleton
and Novick, 1973; Popham and Husek, 1969). Popham and Husek do not see.
this as a shortcoming of‘criterion referenced test scores, though{ as.

the necessary foundation of criterion referenced tests is that they

adequately represent the domain of behaviors under examination; that is,

that they have a high degree of content validity (1969, p. 6) The
American Psychological Association indicates a drawback with the

‘. estimation of content validity in that "in most classes of situations
measured by tests, quantitative evidence of content validity is not
feasible" (1966, p. 3_). }Cronbach (1971) and Sax (1974).suggest that
content, validity can be quantified ny'haying two independent éroups
of itemrwriters construct tests to neet a given format, set of |

vaJeCtiVeS, and number of items per obJective administering both

forms of the test to a group of examinees, and correlating the results. .

In all, the experts‘agree that validity is axiomatic to a quality
test, but that the’presence and estimation of the validity are not

easlly attained.

¥
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Reliability. fte second characteristic of ‘a test which is

applicable to the accuracy of the raw score as an estimate of the true

score is that of the reliability or consistency of scoresifrom one set .

of measures to a parallel set. Stanley (1971) suggests that the
causes of error scores as mentioned earlier; that is; those inherent in
the individual, those in the ‘test, and those in the scoring oonditions,
lead to unreliable scores. He emphasizes the first iwo categories,
however. | |
Reliability measures are estimated through correlationdl studies
between at least two scores per subject over a group of subJects. '
Gulliksen (1950) and Stanley (1971) outline three methods of
obtalning this correlational data. They advocate the use of parallel
test forms, a test-retest . situation, or using split halves of the same
test for correlations. (The various formulae outlined in basic
statistics texts, such as Ferguson (1976), Gulliksen (1950), and
" -Lord and Novick (1968), can be used on the scores of‘both.norm and
criterion referenced tests. However, the interpretationjof those
results for criterion referenced scores3islsomewhat suspect hecause
- the coefficient of correlation is related to the variance of scores.
anong different examinees (Stanley, 19?1)
Noting this difficulty, researchers have devised various other
means of determining the rellability of criterion referenced scores.

Livingston (19?2) suggests a study based on group variance from the

cutting or mastery score of the test. Hambleton and~Novick (1973) query’

»

' the usefulness of this measure though, as the purpose of the test 1s

‘not to evaluate the‘ektent of variance of an examinee from the cutting
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score,, but rather to indicate mastery or non-mastery. Brennan and
Kane (1977) follow a similar method in determining an index of
deﬁendebility for mastery tests. Subkoviak (1978) compares four methods
those of Swaminathan, Hambleton, and Novick; Huynh; Marshall and |
Haertel; and Subkoviak for determining the consistency of a331gning
mastery and»non—mastery states to examinees.' Popham and,Husek (1969)>
suggest that a forced variance in test scores be introduéed by doing
correlations between performance on equivalent pre and post
instructional test form{. An alteration to this method has been used
by Haladyna (1974) and by Kosecoff and Fink (19?6)q~ They correlate the
scores of kno:n mastery and non-mastery students on the same test form.
As with Ebel's (1962) caution of reporting a separate score for
each dohain, Popham ani Husek (1969) note that care must be taken to

R Y

estimage the reliability for each domain within a test.
/I L

~

Item Analysis _

“As stated preeiously, the examinee's error score is related to
‘the test validity and reliability. ‘Factors contributing to low

| validity and ieliability can be inhérent in the examiﬁee,-tﬁe'
exﬁmination administration conditions, or the_examination itself.

Much has been done in test theory through the use of item analysis to
improve the test items theniselves‘. Gulliksen (1950), Hubbard and
Clemans (1961), mpﬁey (1974’) Popham and. Husek (1969),' and Sax (1974)
state that traditionally item analysis techniques have been used to
‘identify items which do not properly discriminate between examinees

on a particular test. "Proper" discriminatipn is identifiable in



items which are neither too easy, too hard, uor ambiguous. Althougb
different statistical methods exist for analyzing items, they can
‘,generally be classified into two categories. Historically; when
computers were not readily available, classical test theory techniques
were used (Henrysson, 1971). As more advanced calculations and
computers became more avallable, the latent trait models were
developed (Lord and Novick, 1968; Henrysson, 1971). Although item
analysis techniques‘indicate‘items in which there may be faults, they
" fall short of indicating the particular fault (Hubbard and Cleuans,
1961). | ' ,

Classical test theory. Classical test theory stresses three

measurements which are performed on each ltem. The difflculty level
/(b), or proportion of examinees correctly answering the item is the
first of these measures. Henryssou (19?1) suggests that a more
satisfactory measure of item difficulty is based on the assumption
that the examinees ability to answer a question is not dichotomous, -

but rather normally distributed. In light of this assumption,

HenryssongSuggests that a z;score calculated from p and a set of normal .

curVeS'be used for the difficulty level.

A second measure 1s that of item discrimination power, which is
usually calculated through an adaptation of the Pearson Product
Moment Correlation. 'Most common in usage are the biserial and point
biserial correlations (Gulliksen, 1950; Henrysson, 1971; Lord and
Novick, 1968). The relative worth of these two discrimination |
-indices,,as well as others such as tetrachoric and phi coefficlents,

has been compared by Oosterhof (1976), who finds little to indicate
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the use of any one index over another.

In oxrder to inérease the meaningfulness of the item difficulty and
item discrimination indices, which are to some extent intef&ependent,
Hofmann (1975) has developed an item analysis iﬁaex, This index is
a function of both the item difficulty and item discrimination indices
and can be used to compare the actual efficiency of anritem with the ~
maximum efficiency poséible for thét item (p. 626).

Once the general quality of an item'is determine&, the quality
of each distractor can be assessed by checkiné the mean scores of
the gioups of,eﬁaminees who chose fhe distractor. The examinees'
ﬁean score on the erroneous answers should be lower than the mean»of
the group choosing the keyed answer (Henrysson; 1971). A second
option is thaf of éomparing'the'proportiohs of high scoring examinees |
to that of low scoring examinees for each distraétbr (Gulliksen, 1950).
Feldt (1961) sﬁggests thatlthe high and low_grouﬁ sizesfshould be 25
to 27% of the.entire population in order to p;oVide powerful

statistical data. - | R

In relation.to criteiion referenced tests, Pofham'and Husek
(1969) suggest that care must be taken in the inter?retaﬁion of these
item analysis tech#iqués. Erroneous interpretatidns may arise if an
item is judged as non-discriminating because it is tod'eésy,kwhen in
fact 1t is reflecting the information that all examinees have ‘the
‘knowledge to answer that question. This;_in fact, is tﬁe problem
6u£lined'invthis paper, as items‘show littlevdiscrimination bétweén,
studenﬁé who are nearing completioh of a nursing program, and who
have relativély,the’same knowledge base. Popham (1974) also

indicates that care must be taken when using classical item analysis
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techniques to interpret a norm referenced test as well.

In many cases~the very items which deal with

the concepts or skills considered most important
+to a field, will, over time, be systematically
eliminated from a norm-referenced achievement
test. - - ' (p. 614)

latent trait model. The latent trailt models are discussed by

Lord and Novick (1968) and Baker (1977). They assume that performance
. on test items is dependent upon some underlying trait. The item
characteristic curve is "the function of nelating,probability of
success on the item fo the examinee's position on the underlyiné
trait" (Henrysson, 1971, p. 146).' This method of item analysis has
the advantage of showingbﬁhe\discriminating ability of an iten in a

- graphic form which clearly indicates trends in discriminating ability,;
and changes in those trends.! The disadvantage of this type of item
analysis is the c?mplicated and time consuning computational work
which necessitates the use of a computer. This‘leavesithe classical
method as the most advantageous one for the classroom teacher.

Item banking. Henrysson (1971) and’ Sax (1974) both advocate ‘the’

use of a central file or bank of test items and their respective
analyses. Through the use of such a bank, item selection for ' . x\\\
particular tests can be alded by a review of the analyses from the 5
item's use on former tests. A word of caution is ‘glven by Lippey

(1974) in the use of stored items. He statest i

Since the obtained. values of item statistics
are situationally dependent their use’in the
item improvement cycle requires that the
" context in which the statistics were calculated
be known. S . (p. 157)



Summary
In the past two decades the development of tesﬁ theory has-

tended to be somewhat cyclical in nature. The advent of- |
individualized inétruct;on has  brought about the neceséity of an :
individually based evaluation system, that is criterion referenced
testing. ‘This, in turn, has led to the development.of new’theories in
an attempt to analyze the value af criterion referenced tests and
items. The usefulnéss Of‘the classical tést‘modél has been

. questidned at this time due to its reliance 6n group‘péiformance and '
the variability of the members within the groups. The difficulties
arising in the analysis of criterion referenced testiné have led to
discuséioﬁs bfAtﬁé rélative'merits of norm. and criterioﬁ feferenced
testing, and of which decisions are congrﬁent with which type of ;
test. | | |

Superimposed on these issues has been ‘the incr%éigng

availability of computers with which to amalyze test data. This, in
itself; has led to new devel-pmehts‘iﬁ item anaiysis techniques, and -
to refinements in thé clag theory techniques; |

3 6f tesﬁbtheoryiseehs to}bé goiné'
-through a period of dynamic'chanée, which lghdg itself to tge

At'present} the entixe

‘development'bf new technlques and/or_va:iations'in existing ones in

the fﬁrtherencegof test theory knowledge.

Ve



) : III.‘Methodology and Instrumentation-

Questions have been raised at the University'of:Alberta'Hospital_
School of Nursing as to the quality of thelitems used on examinations;
Ttems are analyzed by the classical test theory method as‘theyvare used,
yet the technique has had many of the pitfalls outlined by Alker (1969),; :
Diamond (1972) Hopkins (1972), Popham (1974), Sax (1974), and
V‘Wright (1967). The test item may be shown statistically to have
faults, but the origin of the fault or faults to the itemvor'to the -

f subject group is not known. For instance; the,group ofiexaminees may{'
have the same basic knowledge, and thus little variance. amongst'them;
Items analyzed in this context may appear to have internal faults, as
seen in high difficulty levels low correlations, and: low distractor K
discriminating abllity, when the factor influencing the analysis is the”:
Aexternal homogenelty of the group 1tself. Therefore decisions

" regarding the. quality of the UAH School of Nursing test items have
been difficult to make due to a lack of a sound decision theory base.

Popham and Husek (1969)! Haladyna (19?4), Kosecoff and Fink (1976) .
}suggest that the use of known differing subgroups of examinees :
increases the reliability of item analysis statistics by controlling
'for the homogeneity of the examinee group. A second benefit to the
use of a known group of examinees for testing examination items is the
'fact that the ideal manner in which an item should perform could be
precalculated and used for comparison sake.

| These two factors have influenced the development of. the item

evaluation methodology outlined in this chapter.

ot
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Development of Item Bank

The UAH School of Nursing computerized item:bank was developed in
1975 and 1976. The faculty members peiceived a need for a centralized
bank of multiple choice items which would be available to instructors
and which would facilitate éxamination production. An advantage to the

computerized bank was seen as it's being a secure, centralized

storage area for items, which would allow for examination production

in a short time with little consumption of secretarial time. As
editorial and typlng times are decreaséd, it was foreseen that

instructors could focus on improving item quality. Item analysis data

Bt

which ﬁould aid in th%étgrocess would be readily available with thé '
item in the bankf A third advantagg to this particular system was
the availability of diagnostic feedback for both sﬁudents and
instructors. | | | : |

" As a starting point to the development of the bank, all multiple

cholce items in the school were collected and categorized into six

‘main categorieﬁ; medical, mental health, obsfetric, pediatric, and

~ surglcal nursing; and nursing arts and sciences. Each of these was

to have 1ts own file‘develdped. The orig}nal pllot file was'completéd
in obstetrical nursiné, with medical, 's&ai;cal, and pediatric

nursing files following; The remaining two filles have not as yet
béen‘developed. At present, there are 499 items in the medical
nur;ing filey 286 in the surgical nursing file,‘516 in the pediatric,
and‘581 in the obstetric nursing file; | |

Tﬁe particular item banking program in use allows a variety of

'inférmatipn‘to be stored. Some files contain the items themselves,

~ some ac{ual eiaminations, some the daui from student answer sheets,

p‘x
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and some the analysis of the iltems used on a test. Subprograms allow
for the production and analysis of an examination. Hard copy

printouts of each item with information as to its year of entry, number
of times used, keyed distractor, and current analyses are also
available through this program.

The majority of.the items contained in the item bank follow one
of two construction formats. These aré single answer or multiple
component. The single answer item is similar to the type "a" iltem
outlined by Hubbard and Clemans (1961). It differs in that the "type
"3" item is standardized to five distractors, and the items in £he
UAH School of Nursing item bank may have three, four, br five
distractors. With this type of item, the examinee selects the one
distractor which be;%x%gswers or completes the stem.-

The multiple component item follows épe'Same basic format of
Hubbard and Clemans’ (1961) type "k" item. These authors have
refined their items so that the type "k" item has a standard set of

secondary distractors. However, the multiple component items in the

UAH School of Nursing item bank are not so standardized. In

o

A\ .

answering.an item of this type, tpe examlnee chooses a number of
primary distractors which best,complete‘the stem, aﬁd then chooses a
secondary‘distractor which gives the correqunding combination of
prim;ry dist;actors. Examples of single answer and multiple
component items are presented in Appendix I{‘ N
In order to create a more realistic nursing situation, some of the
itemslih the bank refer to case‘histories. These situations present
the examinee with more information about a particular patient! and are

followed by a number of items for which pieces of the given information



are needed, These items in the bank are termed situational items

Examples of them are also presented in Appendix I.

Development of Instrument

As the bank contains a total of 1882 items, it was not feasible o

use the developed methodology to test all items at this particular time.

Therefore, the test examination wa

H

s compiled in such a manner as to

have equal representation from each file, and frbm each of the main

" item formats within the bank. Eight of each of the four formats were

selected at random from each of the four item banks, resulting in an

overall total of 128 items. Table I shows the distribution of the

item types and files.

Table I

Distribution of Tested Itenms

Ttem Situational Non-situational Total
Format - Items
Item Single Multiple Single Multiple
File Answer Component Answer Component
Medical 8 8 8 - 8 32
Pediatric 8 8 8 8 32
Surgical 8 8 8 8 32
Obstetric: 8 8 8 8 32
Total Items 32 32 32 32 128

The number of distractors per item was not controlled in the

examination. The resultant test had 90 four distractor and 38 five

distractor items. Onc% the items had been selected, they were

randomly ordered on the examination. An exception to this oxrdering

34,



occurred in cases in which two or more items referred to one situation.
In this instance those particular items were grouped together. The

examination paper was produced by computer from the item bank.

Administration of the Instrument

’In May, 1978, the examination was administered to 52 nursing
‘Students:at the Royal Alexandra Hospital in Edmonton. These students
wére within one month of compietion of their nursing program, and
weré eligible to writé‘registfat;on examinations in ﬂursing. In June
of the same year, the examination was administered td 20 students at
the Grant MacEwan Community College Nursing Program in Edmonton. As
with the formei group, these students were within one month of
completion of their program; and were eligible to write registration
examinations. The main difference between.the two groups was that
the firstvsection of - students were instructed in a three year
hospital based program, and the second sect}on in a two jear
community college program. The above students were élassified as Group
I for the study.

| Students who wrote the examination did so on a voluntary basis.
No time limit was fixed for the examination, and the examinees weré
requested to attempt all items. In order tqvmaintain the
confidentlality of the Students, they were requeSted to identify their
answer sheets by théir schooi name, and graduating year only. -
Identification numbers were affixed to the answer sheets affqr the'test
administration.

Under the same conditions as above, the examination was



administered in September 1978 to 98 beginning students at the Royal
Alexandra Hospital School of Nursing. These students were within one
month of the start of their nursing education program and comprised
Group II in the study. - |

Students from fhe Univeréity of Alberta Hospital School of
-Nursing were excluded from the studj as they had been exposed to some

of the test items on previous examinations within thelr program.

Examination Analysis

All test papers were optically scored by the IBM 1230 Optical
Scorer at the University of Alberta. A total of 19 of the 170 answer
sheets werg rejected from the study, as the subjects had not
completed the examinatidn, oi had filled in more than one answer per
item.  This left Group I witha tota.l of 62 subjects, 43 from the
Royal Alexandra Hospital, and 19 from the Grant MacEwan Commknity
'Coilege. Group II was left with 89 subjects.

'“Item‘anaiysis. Item analysis data was computed by the TESTO4

program.of the Division of Educational Research Services, University:
of Aiberta. Separate analyses were carried out on Grbups I and IT, and
on the combinéd groups. This.partiéular program provided information
on the test as a\whole;iincluding the mean, variaﬁce, standard .
deviation, Kuder Richardsod reliability coefficient, and a histogram
of the examinees' réédlts. Difficulty levels, point biserlal
correlations, item reliability indices biserial correlations, and
discriminating powers for distractors were provided for the individual

items.



Comparison of means. A t-test was conducted comparing the means

of Group I and Group II using the formula:

Xl - X2
t =
S)—{_-'
1 ™2
yhere Xi = mean of Group I, X2 = mean of Group II, and sz _ ; = the

1 72
standard error of difference between the two means (Ferguson,

1976, p. 169)-

Adapted Item Evaluation Methodology

The TESTO4 program needed little adaptation to compare Group I
and Group II. Both tnc difficuity levél andkthé point biserial
_correlations were computed on data from the combined groups in their
entirety. Howevcr, only tne‘top and bottom 27-percents‘of the entire
group were used in the TESTQ& program for thc calculation of the |
distractor discriminating power. This percentage has been demonstrated
by Kelley (1939) and Feldt (1961) to produce the optimum comparison for
a normally distributed subject population. As the distribution of
scores within a combined,group of known competent and known non-
competent students was more 1ike1y to be bimodal and the 27 percent
group captured neither mode, an adJustment was made to the program so
that the high comparison group would include the maJority of Group I,
_and the low comparison group would include the maJority of Group II.
This resulted in the high and low groups each containing 45% of the
entire group.  The informatrbn needed to make this adJustment was
obtained from the histogram of the combined group results, as shown in

Figure I. The cutting scores between the low, mid, and high groups
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were 48.5 and 53;5 iespectively.

Following the adaptation of the TESTO4 prbgram, iten analysis
was completed on the combined groups. The results of item difficulty '
levéls, point.biserial coirelations, aﬁd distractor discriminatiﬁg
poWers were obtained ;nd further used in calculétions'éomparing them
to the ideal%\expectedvfor/items d13crihinating betweenvcohpetent and

non-competent examinees.

Computation of Item Analysis Values for Ideal Items

‘Based on the work,of'Haladjna (1974) and of Kosecoff and.Fink
(1976) in using known mastery and gon-mastery subjects to analyze test
‘items and tests, a similérvprocedure was empiéyed in this study. The
question at hand was to evaluate‘thé tést'items uSing a known grdup
of étudents who were competent in nursing, and a known group of students
whO'were not competent in nursing.‘ Ih order to evaluate the actual
test ifems, calculations were maﬁe as to the ﬁanner‘in which ideal
itemskwould perform in the given group. iCompetence‘was defined as
' having 90‘§ercent of the ltems correct. This figure allowed the
éompetent students‘sdme chance of error. Non—competence‘wﬁs defined
'as‘having a chance perbentage §f-correctly answered items. ‘In-ofder
to‘do.computations of chance.error, the examlination ﬁas'divided into
its two components; thaf is, the componeﬁt 6f‘90 fbur distréctor
items and the component of 38 five distractor items. This ﬁas
necessary as the ﬁon-competent'group had a 25'pércent chance of .
answering a four distractor item c&rreétly, bﬁt oﬁly a 20 percent »

chance of answering a flve distractor item correcﬁly. Ideal item

!



difficulty levels, point biserial correlations, and distractor
discriminating powera were computed for both four and five distractor e
itens. . L

Four distractor items. Based on the three givens of a total of

90 four distractor items,.a 90 percent chance‘of the 62 members of
Group I answering any itém correctly, and a 25 perCent chance of the
89 membgrs of Group II answering~ény item correctly, the followihg
'
computations were made. ‘
The.difficulty level for an ldeal 1tem was computed as follows:
| by = /N =517 |

the number of subjects anSwering the item correctly

where p =
B . 4
= 78.05
h and N =

the total number of subjects answering the ltem
=151 |
The ideal point biserial correlation required more extensive

calculations for the formulas

P

 where Xp = ideal mean of those éstering_the iten cofréctly '
- 6432 o

‘% = sum of the ideai meéns of Group I and Group.II
- w52

S = standard deviation of an ideal éiamination

28.78

o]
n

difficulty level = .517

and q i—p = .483

L}Ol
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Therefore: ' %

k32 - M52
pbi B 28.78

J 57 - 583

- .640
The entire group of 151 subjects was used to calculate the
distractor disériminating power for the keyed answef of an‘ide#l item
because an ideal item would have dividedfthe‘comﬁiked.groﬁp distinctly

into known subgroups. The distractor discriminaﬁing poWer was:

H-L= .65
where H = proportion of the high group choosing the distréctor
= o | |
dnd L = prbportioﬁ of the low gr&up choosing the distractor

= ) R
= .25 | S

Five distractor items}‘ Simkla:'coﬁputations were made for the
38 five distraé%or items‘in the.examinafion. The reéult£R£ ideal ,‘
. difficulty.level.waé Py = }487; the poiﬁt biserial gorrelation was .688“
and thé:ideal,distractorbdiscriminat;ng powef for thé keyed distractor

-~

WaS ‘e 70-

Qbmpaxayive analys;s. " From the adaptédvitem énaiysiévresultS'a - ;
number of separate computations were made. The significantvdifference -
between the difficulty levels for the 1déal and gétual items were
calculated by means of the formula for significant difference of two
proportions (Ferguson,‘1976, p. 174),‘ |

Pi - P,

£

z =
e G+ 1/N,)




difficulty- level for an ldeal item

where p, =
p, = difficulty level for an actual item
- - actual plus ideal number answering the itenm correctly
P ' N, + §
172
qQ =1-0p

1 .72
The same formula was used to determine the significant

‘and N, = N, = combined group size = 151

‘differencé between the ideal distractor discriminating power and

actual distractor discriminating power for each keyed answer. In this
cases
P1;£ ideal-d18crim£hating power
: PZ = actual discriminating power»,v
P = difference between numbers in actual high and low
,groups answering the item correctly plus the
~difference between the numbers in the ideal group

answering the item correctly, divided by (N1_+ Nz)

‘e =1-0p ,
N, = combined group size = 151
N2v=rhigh'plus low.ranking students in actual group = 134

Significant differences between the point hiserial correlations

for ideal and actual items were tested using the formula for the

difference between correlation ceefficients4(Ferguson, 1976, p.'184).

o . P T Prp
o 1 N ‘B + 1 N
& [T =5 70, 3] .
where zr1 = zr for ideal correlation

zr2 = zr for aetual correlatibn

e e it T L :Ai._J\_‘_‘v‘,‘ el



3 log, (1 +7x) -z leg, (1-1)

N
]

N1 = N2 = combined group size = 151
uy om ‘these calculations, assessments were made as to the item's
nation between a known group of competent and non-competent

_Qng students.

3 Comparative Assessment of Individual Items

A’compariscn of three item ahalysis rssﬁlts was carried out fcr‘
each item ih'crder to deterﬁine which type of aﬁalysis provided tﬁe.
most pertinent information about the item. The first assessment
 was the clasSicsl iteﬁ analysis of Group I. The ahalyses of Groﬁps I ;‘
and II were then used to do a crﬁde sorting of items by difficulty |
level in order to determine which items discriminated between the
competent and nOn-cohpetent stﬁdents.--The third assessment'was of
infcrﬁation provided in the .adapted methodology which compared the
adapted item analysis_of the combined groups with the analysis

<

expected for an ideal item.

Sumnmary f - R e

/In order to meet the need for more useful information concerning {ﬁ
. the quality of test items used at the University of Alberta Hospital
School of Nursing, an adaptation to the classical’ test theory was
employed. The - ‘new method, as suggested by Pophanm (1969) involved the
testing of ltems on a group of subgects with known characteristics as
to thelr competence or incompctence in nursing. After analysis of

bthe items was %obtained using classical test theory methodology, a

s el £




comparison of the actual item analysis data to ideal data as coﬁputed

for the subject group was obtalned to provide more substantial

iﬁformation.

The steps involved in the ‘adaptation of the item evaluation

'ixﬁmethodology

were thes

A. Compilation and Production of Examination

| 1.

2.

B. Administration of Examination

1

compilation of test items,fqr‘examinatisn

production of examinatioh

administration\of the examination to a known group of -

| Qompetent.students

2.

administration.of the examination'to;a_known group of -

non—compefent students

. C. Analysis of Items

1.
2.
3.
k.

classical analysis of competent group's tests
classical analysis of non-competent group s tests '
classical analysis,of cpmbiaed group's tests h
comparison of means of compefent and aon—cohpefent'

groups ‘
analysis of aistogram of combined groups for appiopriaté

cutting pointsﬁfor distractor discriminating power analysis

'adaptation of classical analysis (TESTO#) program

analysis of items using altered cutting points

calculation of 1deal item analysis data

"comparison of ideal and actual item analysis data




)

“in nursing, and the results'ﬁere compared to classical item '

D. Evaluation of Items |
1. assessment of individual items from'analysisdata of
Groop I |
2. sorting of data from Group I and Group IT to provide
difficulty level matrix ‘
3. assessment of individual items using data from
significant difference analyses

‘These steps Were initiated‘for a number of examination items

analysis information for the item. The information related to

*compilation, production, administration and analysis has been

" presented in this. chapter.. The followingﬂchapter deals with the last

step, that of the assessment of the individﬁal items,'and their °

ability to differentiate between competent and non—competent

nursing students.




1}
‘ IV. Analysis of Results
The‘previous chapter outlined different methods of collecting

;item‘analysis data. The data, though, lacked usefulness in that it had
nét been infgrpreted in light of the decision required; that is, the
ability 6f‘an i;ém to differentiate students who were competent in
nursing from thog? who were not competent in the field. Initiaily,
item analysis data, collectéd on the administration of the test
examination to graduate students alone, was interpreted in light of the
known charactefistics of the Subjeét group; thaﬁ is, the assumed

| comﬁetence of this gfoup_ofvstud;nts. ‘Second, the difficulty levels

. for graduating students and beginning students were compared for -
each ltem. The items were sorted into a nine cell matrix according

to their respective difficulty levels. The matrix was used to
determine which items would meet the criterla of differentiating

" between graduating and beginning students in such a way that the
graduates found‘the item easy, whereas the beglnning students féuna the‘
item difficglt. The ihird method used to e;aluate thé 1tems

compared the item's actual perfofmance to a calculated ideal
‘pgrformﬁnce, glven that the grﬁup of students on whom the items were
tested consisted of.known subgroups of competent and non—compéfent

subjects. -

‘Test Analysis Data Results
Prior to examination of the individual items by the three item
analysis methodologles, the test data was examlned to ensure that )

there was a significant difference between the results of the

graduating and bgfinning students.

46. .



On the 128 item test, the graduating students' raw scores
ranged from 34 to 87 with a mean of 71.27; while the beginning students’
'scores ranged from 24 to 59 with a mean of 45,31, The amount of overlap
was negligible, with all but two of the graduating students obtaining
more than 56, and all but one of the beginning students achieving less
than 56. There was a significant difference between the two means
with t = 20,354 (K £ .001).

The amount of variance reported for the graduating students was
' 77.46, while that for the beginning students was 33.59. On combining
the groﬁps, the variance of scores increased to 214.69. The me;sure
of rellability paralleled the change in variance, with .707; for the
graduating students, .3016 for the beginning students, and .8860 for
the combined groups. This last value of .8860 was expected to be
more than the reliability for eithef group, as the combination of

known competent students with known non-competent students forced an

increase in the overall variability in scores.

Classical Analysis

In that the test items were glven to a particular group of
students who had been deemed by thelr respectiVé schools to be
eligible to write registration examinations in nursing, it was assumed
that the majority of students would correctly answer items relevant to
nursing kﬁowledge. Given a 10 percent chance of error, this would leave
the expected difficulty‘levél for these items at 0.900. Point biserial
coxrelatioﬁs were not expectea to be pgrticularly revealing as the
maximum obtainable’value\foi an i1tem with a 0.900 difficﬁlty level

would be 0.580 (Lord and Novick, 1968, p. 340). In fact, with little

<



variance among the examinees, there would also be a high probability of
having negative values for the point biserial correlations. The
distractor discriminating powers for the items would also show

minimal difference if 90 percent of thg examinees answered an item
correctlj, and, as with the point bisefial correlations, there would

be a tendency towards negative és well as positive results.

Given these expectations of how an item ought to perform, it was
only possible to identify séem%ngly faultless items according to ‘
difficulty level. There wexe 16 items which had a difficulty level of
between 0.900 and 1.000. illlgf these items were four distractor
jtems. For these items, the point biserial correlatlons rangéd froh
—6.0i5 to 0.639, with one of them being a negative value. The one poiﬁt
biserial correlation of 0.639 was greater than the expected maximum
reported by Lord and Novick (1968). It was, however, consisten£ with
the work of Adams (1960), who indicated thevprésence.of.inflated
point biserial_éorrelations in positively skewed distribufions. The
histogram of the graduate student results shows this type of

distribution (Figure II). The corresponding distractor
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discriminating powers for the keyed answers to these items'ranged
from -0.01 to 0.22, with three of these being negative quantities.

By comparison to what was expected from this analysis, fheée 16
items might be termed the items which did notAfequire revision.
However, the decision was, in fact, based solely on the difficulty
léfel, as the point blserial correlation and distractor discriminating
powers did not aid in the decision making process. This analys;s ~
neither identified the reason for these items ﬁeing easy (essential |
knowledge, poor construction, general non-nursing knowledge, etcetera); .
nor diScloséd whether or not the item waé easy for the group of
‘non—competent ;x#minees. ‘

The itenm analysis data based on the perfoimance 6f the
graduating students is presented'in‘Table\II, with the results of the

16 criteria-meeting items indicated by asterisks.

Beginner - Graduate Difficultx>Le§el Matrix

A crude sorting of item peffoxmance‘with the graduating, and
then the beginning nursing students was carried out.next.; In oxder
to develop the matrix,-the\difficulty levels of 1ltems were assessed
to determine naturai-divisions into difficult, nediun, and easy itens.
For graduating students, the difficult«items had difficulty levels of
0.000 to 0.399, the medium items of 0.400 to 0.732, and the easy
items'of 0.733 to 1.000. For‘the beginning students, difficult
1t§ms had difficulty levels ranging from 0.000 to 0.433, medium from
0.434 to 0.766, and easy items from 0.767 to 1.000. - The matrix which

was developed appears in Figure III.
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GROUP I - GRADUATING STUDENTS

DIFFICULT " MEDIUM EASY
- +000 to .399 |.400 to .732 +733 to 1.000
c% DIFFICULT
E 000
175} to ' A B C
o 433
E MEDIUM .
— 434 : o
= to D E F
“f 766 : ’
H EASY
o 767 : ;
=) to G H I
£ | 1.000 g |

Figure III - Matrix of Difficulty Levels
for Graduating and Beginning Students

Items which would not need revision because they distinguished
T between competent and non-competent students were those falling into
cell C. These items were easy for the graduating students and
difficult for the beginning students. Items became progressively
less discriminating as they fell into cells B and F, then into cells
A, E, and I. TItems falling into A, E and I cells Were not valuable
in determining competency as they showed little difference between
graduating and beginning students.v Items which fell into cells D H,
and G increased in discriminating ability, but discriminated in a |
" negative direction. That is, the beginning students found these items
easler than the graduating students. Therefore} 1tems which fell
into these celis Were suspect and in need of revision..

The matrix sorting was conducted solely on the basis of a
comparison of the difficulty levels of items tested on Group I, the

graduating students, and Group II the beginning students. No-



0

comparison of point biserial correlations or distractor discriminai&&g

-~

power was done, as these would be s%bjective'comparisons, since little<
variance uas evident in the testing of either Group I or Gfoup II.;"A

In total,iten items fell into the criterion cell. The
distribution of all itdms is depleted in Figure IV,

Comparison of matrix sorting,to classical analysis. The matrix

sorting of items by comparison of difficulty levels revealed only

one item (#39) Hhioh also met the crit:;ion of a difficulty level of
between 0.900 and 1 000 when tested on Group I. ' 'The remaining items
when tested on the graduating students had difficulty levels ranging
bfrom 0.750 to 0.890. of the other 15 items which had difficulty levels
of 0. 900 to’ 1 OOO on the graduating students, nine were found to have
'»diffioulties of 0434 to 0.766, and six with difficulties of 0.767 to

-~ 1.000 when tested on the beginning students. |

The matrix method was determined to be more accurate in

discriminating between those items which differentiated between

ﬁcompetent and non-competent students as it eliminated those items

which were easily answered by beginning students as well as graduating ,

students. »However nelther method was substantiated by information on’

point biserial oorrelations or distractor discriminating powers.

Comparison of Aotual and Ideal Performance for an Item

'The third method of analyzing an item was based on the same’
principle as the matrix sorting, that is, the comparison of the
performance of an item when tested on competent and on non—competent

students. However. as the results Were grouped together, the test

M e Ll e AU il M P iy Yo T o5 w5
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group of students becane heterogeneous.‘ This created an increase in

the variance, resulting in the possigility of comparing point biserial
correlations and distractor discriminating powers. .

First, the actual difficulty levels of the items tested on the ¢
combined groupsAof students were compared using a significant
difference of proportions.test, to the ideal-difficulty levels
expected for the items. At a probability level of p = .01 tnere ; : '
was no significant difference between the actual and ideal item analysis
for 60 items. Of ‘these 60 itens, 13 showed no}significant difference
between actéal and ideal point biserial correlations at a probability
level of p = .01;  The comparison of the actual and ideal’distractgr'
discriminating‘powers revealed only eight of the items which showed no
significant’difference*at the probability level of p =,i01;

| ‘Table ITI shows the significant'difference values of difficulty

levels, point biserial correlations, and distractor discriminating

s e ot e

powers with those ‘values showing no significant difference at p= .01

indicated with an asterisk. As is shown in this table, eight items‘met ’
all three criteria. These ltems are indicated with'a double asterisk.

Comparison of Ideal - Actual analysis to Matrix Sorting and

Classical analysis. By means of the comparison of ideal and actual

analyses, all ten items identified as meeting criterion by the matrix
.sorting method-were also identified. However, only seven of these
items‘met'the criterion of,having no significant difference in . | | i
point biserial correlations, and six ﬁitn no significant differencenin
distractor discriminating' powers. An additional two Ltems not |

identified in the matrix met the criteria of difficnltyalevels, point

S e

AN

~ blserial correlations and distractor discriminating powers; and an
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Table III
Significant Difference Values (z)

Between Ideal and Actual Item Analysis Results

ITEM . DIFF.. P.B.C. D.D.P. ITEM  DIFF. P.B.C. D.D.P.
. L

001 ™ 3.740 1.626% 3.84 . 017  3.361 4.705  9.712
002  1.971% L4.043  7.339 018%*  0.921% 0.034* 0.191*
003  5.001 3.905  8.128 019 -4.297 2.323* 5.228
00k  -4,163 2.555% 5.671 020  0.921* 4.198  8.909’
005 -5.868 h.172  10.67% 021 1.232% 3.690  6.7k2
006  3.740 4.103  9.715 022 6.662 B.422  20.261
007 3.271 6.7 18.450 023 0.6M% 6.486  13.388
008 -7.029 14.981 13.570 024 ' -2.092% 3.768  8.665
009 "-7.185 4.611 12.557 025  -0.331% k361 9.192 .
010 -1.612% 7.570 25.100 026  6.947 5.746  13.616
011  0.348% 3.157  6.578 027 0.122% 3.613  6.85%
012 1.392% 3.666  6.119 028~ 8.005 8.077 20.178
013"  2.993  2.099%  4.742 - 029 - -8.116 L4146 13.582
T 01k - 0.38* 3.535  7.605 030 1.806% 9.566  133.141
015 2.394% 6.056  12.454 031~ -0.852* 6.254 13.808
016  3.609 5.591 11,006 032  2.447% 1.789%  4.506

* indicates no slgnificant difference at p = .01 : ,

** indicates item meeting criteria of difficulty level, point biserial
. correlation, and distractor discriminating power. ‘

DIFF. = Difficulty Level | L

P.B.C. = Polnt Biserial Correlation

D.D.P. = Distractor Discriminating Power




Table III - continued
- Significant Difference Values (z)
Between Ideal and Actual Item Analysis Results

ITEM DIFF. P.B.C. D.D.P. - - ITEM - DIFF. P.B.C. 'D.‘D.P.

033  4.620 6,004  14.533 057 3.490 - 4.559  8.155

034  0.644* 3.665  6.718 058  '1.165% 6.323  18.055 o :
035 -0.680% 3.432  7.141 059 2.036% 7.854 30,172 D
036 -0.802% L4490  9.196 060  7.M3 5.867 15.108 o
037 - 2.093* 1.652%  3.847 061  2.553% 2.624  L.267 | ]
038  4.867  4.903 11.530 o062 -1.968* 2,994 4,743 |
039%* -1.860% 0.559%  0.000% 063  7.999 7.828 18.551 5
040  -4.945 W22 10,369 06k 6.23%  5.505 11.832 | ]
01 -0.852% L.361  7.693 065  -1.258% 5.127  13.141
b2 - -5.757 4.499 ' 12.215 066 7.083 6.873 16.89
043  3.236  4.103  8.900 - 067 . 2.093* 1.385% 2.794
O OMEF* 2.931% L.737 068 6.23h  7.888  21.6Uk
045  5.904 6.357 < 16.274 069 - 1.619% 6.194  12.854
046  6.08s 3.561 10.616 070 -5.084 4.637 10.662
047 0.522% T6.19% 13.390 - 071 1.165% 3.716  6.573
08 0.b6g% 3.157  7.605 - 072 © 3.036 3.518  7.33%4
049 -3.537  3.630  7.119 073 2.910  5.280  15.561
050  3.943 2.649 - 6.349 O74**  0.348% 0.198%  0.383*
051  L4.1lh 6,013 14,440 075  4.002  3.690  7.363
052 9.593 7.48h 18.28%  , 076  1.847% 2.030%  2.79%
053 0.122% 6,649 17.668 077 -2.561% 6.400  18.439
oSk 6.167 5.9k 16,684 078 6.167 3.191  8.604
055 0.921% 4.920 10.898 079  1.742% 4.637 10.530 A

056  5.006 7.85% 22.181 080> -6.740 5.110 13. 564




Table III - continued
Significant Difference Values (z)
‘Between Ideal and Actual Item Analysis Results

2

ITEM DIFF. P.B.C. D.D.P. ~ ITEM DIFF. P.B.C. D.D.P.

081 -3.077 447 84O 105  6.309 6.151 16.122

082  1.452% 5.092  9.680  106%% -2.200% 1.178% 1.563%

083 -4.430 6.822 16.136 107 5.434% k172 10.991
08k ¢ 3.63%  2.710  5.178 - 108 -2.092% 4.697  9.900

085 3.144  3.329  5.877 109 - 4867 7.183  23.534

086 2.553% 2.503* 6.843 110 0.070% 3.665  6.982  °

087 . 1.574% 6,116 12.529 | 111 4,228 8.129 23.204

088%* 1.5U4X 0.77M% | 0.771% | 112 6.512 M619  9.906

089%*  1.847% -0.610% 0.966* 113 '-6.893 4723 11.990

090  5.407 B.0N3 20.288 114 -0.974* 5.049  8.423
091 -0.92k* 1.617% 4.926 115 2,785 2.658  6.593

092 -1.736* 6.417  19.057 116 3121 3.312 - 7.915

093 © 0.921% 4.809 11.431 - 117 * -b.OW7  2.658  5.205

09k -2.798  3.037  6.836. 118 ' 2.910 3.948  8.628
095 0.122% 2.787. 5.192 119%% -0.226% 0.895%  0.771%
096 5.672  6.839 15597 120 7.276  5.99% 16.258
097  W.357 4989 13.056 121 6.947 4.869 20.970
098 -5.757 Ma2Bh  11.273 © . 122 Lok 4250 9.763
099  2.093*% 5.308 11.483 123 -3.668 1.901%  L4.065
100 1574 3,716 - 6,845 12k 3.184  3.97%  10.231
101 -1.673* 4.869 “10.236 < 125%%  0.871% 1.566% = 2.Lgus
102 0.122% 3.768  7.351 ‘126 2.394% 5.583  13.055
103 b734 3.277  B.32 127 -2.326% 7,338 23.806
© 106 -3.782  5.858  13.621 128 - -3.668 2.43*  6.115

N
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additional five met tne difficulty level and point biserial correlation
criteria.

This method of testing for significant:difference gave more
explicit information as te needed improvements than elther the classical
analysis or matrix sorting. It eliminated those easy items identified
by the classical analysis, which did not discriminate between
beginning and graduating students. It also used more precise criteria
than the matrix sorting to identify jtems which discriminated
between competent and non-competent students.

The comparison of the ideal and actual difficulty levels alone
did not eliminate those items which the beginning students found
essier than the graduating students./ Howver, these items did not
neet the point biserial correlation criterion. ‘

" The comparison of both point biserial correlations and distractor
discriminating powers increased the usefulness of the analysis method; ~
as these computations identified areas requiring revision. The other
two analysis methods did not identify specific problem areas, and
therefore were not as useful for item revision. A comparison of the
items meeting the criteria of the three analysis techniques is

presented in Table IV.



. ‘Table IV
Item by Item Comparison of Three Analysis Methodé

61.

ITEM

CLASSICAL
ANALYSIS

MATRIX
SORTING

ACTUAL - IDEAL COMPARISON

DIFF.

P.B.C.

DID.PI

001
002
003
004
005

006
007
008
009
010

011
012
013
01k
015

016
017
018
019
020

¥*

Note:

DIFF. = Difficulty Level
P,B.C. = Point Biserial Correlation

D.D.P. = Distractor Discriminating Power

* indicates item meeting criterion \¥



Table IV - continued
Item by Item Comparison of Three Analysls Methods

[TEM | CLASSTCAL| MATRIX | ACTUAL - IDEAL COMPARISON
- ANALYSIS | SORTING {—p5F, 1 7.B.C. | D.D.P.
021 | *
022
023 R
024 | *
025 | *
026 R
027 | *
028
029 *
030 | | *
ot | *
032 * *
033 |
03k 1 *
035 . * *
036 o *
037 | . x| x
038 | ] |
039 * . * * * *
0l0 «
o041 N
o2 |+
ou3 |
ol_m ) * *
045

62.
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Table IV - continued
Item by Item Comparison of Three Analysis Methods

ITEM | CLASSICAL | MATRIX| ACTUAL - IDEAL COMPARISON
ANALYSIS | SORTING) G577 5.5.G. | D.D.F.
ou6 _
047 \ *
048 *
049 i
050 :
051
052
053 | * '
05k
055 *
056
057
058 ’ *
" 059 ; * .
060 \
061 p B
062 , *
063 |
064
065 *
066
- 067 * * *
068 o
069 *
070 *




Table IV - continued
Item by Item Comparison of Three Analysis Methods

ITEM

CLASSICAL
ANALYSIS

MATRIX
SORTING

ACTUAL - IDEAL COMPARISON

DIF'F‘I‘

P.B.C.

D.D.P.

071

072 *

073
o7

075

076
077
078
079
080

081
082

083

osh4
085

086
- 087
088

.089 '

090

091
092

093

- 094
095

*x k  k  k

N\

N




Table IV - continued

Item by Item Comparison of Three Analysis Methods

ITEM

CLASSICAL { MATRIX| ACTUAL - IDEAL COMPARISON

ANALYSIS | SORTING |~ 55 T D05,

- 096
097
098
099
100

101
102
103
104
105

106
107
108
109
110

111
112
113
114
115

116
117
118
119
120

65.



- Table IV - contlnued _
Item by Item Compa.rison‘ of Three Analysis Methods

ITEM

CLASSICAL
ANALYSIS

MATRIX
SORTING

ACTUAL - IDEAL COMPARISON

DIFF.

P.B.C,

D.D.P.

121
122
123
124

125
126
127
128

©o.
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Summary . 3 - F

Although the calculation of ideal analysis values and computation ‘
of significant differences between actual and 1deal difficulty levels, |

rpoint biserial correlations, and distractor discriminating powers
required additional computational time, the method gave the_most DPrecise
data and clearest guidelines for th® revision of itenms.

Tho classicsl analysis did little to identify items which would
vdiscriminste between.conpetent and non-competent students. It served
only to identify the items with which the'competent students are
familiar, ‘The matrix sorting used subJective cut-off points and gave
none of the additional information provided by point biserial
correlations or distractor discriminating powers as to where changes.
in the item were required in oxder to improve 1t. |

" The following chapter contains a discussion of the usé!nlness of
the information provided by the adapted 1tem analysis methodology,
;roblems inherent in the administration of the item analysis,_

- problems in the analysis itself, and suggestions for further study

related to this classical analysis adaptation.



V.~Conciusions and Recommendations

An adaptation of the classical item analysis was used to increase
the utility of information abéut test items which were belng used to
evaluate nursing students. ‘Following a technique suggested by
Haladyna (1974), Kosecoff and Fink (1976), and Popham and Husek (1969);
a forced Qariance was introduced by combiniﬁg beginning and graduating
students in the examinee group. With the characteristics of the group 
known, an expected item ;nalysis result for the difficulty level,
point biserial coirelation; and distréctoévaiscriminating power wWas
calculéted. These idéals werércompéred fotthe actual item analysis ‘
vaiues for each itenm, with the iesult that informatibn was aQailablé
as to how well the items were able to be used to différentiatgrﬁetwéen
grbupsbof competent and non-competent nursiné students.  Additional
_ informatidn which could be used\;ﬁ the»réviéion of iltems, specifically
in terms of the difficulty levels, pbint bisérial‘corielations, and
distractér diécrminating powers was also provided thiough the adapted
,methodoiogy. ' .l o | . ; |

Eiamples,of the use of\the 1nforﬁétion providedvb& this item - -
;nalysis methodolséy.are prpfided in this chapter. The problems
{nherent in the administzation of ‘the methodology are exanined and
addifionally, suggestions forlfuturé research ére glven. |

Analysls of Spécific Items

i

The‘analysis of specific items is presented by item groups; those
4 which met the criteria gn all three domains of difficulty level,

point biserial correlation, and distractor discriminating power; those

68.



which met the criteria of difficulty level and point bisei:ial
correlation; those which met the criterion of difficulty level alone;
those which met the criterioniof point biserial cormelation; and
those wnich met none of the'three criteria. 4

Items meeting criteria for difficnlty level, point biserial

correlation, and distractor discriminating power. Eight items met

the criteria in all three categories. That is, for theseiitems,'

tnere was no-significaht difference between the actual item analysis
results, and the ideal results expected for the difficulty lefel, point
biserial porrelation, and distractor discriminating power. These items,
numbers 18, 39, 74, 88, 89, 106, 119 and 125 are acceptable 1tens for
use in.differentiating between competent and non-competent nursiné
students.b‘These items should be identified as‘snch‘in the item,bank

so that they can\%éfreadily retrieved for examinations used to identifyj
competency in nursing. - -

Items meeting criteria for difficulty level and polint biserial -

correlation.  Seven items, numbers 32, 37, W, 67, 76, 86yand 91 met
the criteria for {both.diffieulty level and point.biserial correla.tion,
but‘failed-to meet the criteria for distractor discriminating.power..‘
, Although these items discriminated between competent and non-competent
students, the keyed distractor did not perform as well as it should have.
Each of the above items was a four distractor item. Therefore the )
ideal distractor discriminating power for the keyed answer would have
- been 0. 65 The actual distractor discriminating powers ranged from 0 33
to 0. 51. Ea%g of. the distractors should be reviewed to determine why

M®n-competent students were choosing the keyed distractor, or why

"~ competent students 'vgere choosing‘@e _a@,ternatives. Based on this

?



*

review, the item distractors should be revised, and the item retested.

Items meeting criterion for difficulty level. Forty-five items

met the criterion for difficulty level, but failed to meet elther the
point biserial correlation or the distractor discriminating power
criteriaif These items, if reviewed solely on the basis of difficulty
level might hsve been accepted as items which discriminated"between
:competent and non-competent students. Howé%er, in each case, either
fewer competent students chose the correct distractor than would have in
the ideal caSe, or more non-competent students chose the correct | _ |
| .<;\distractor-then would have been expected. These items, numbers 2, 10
11, 12, 14, 15, 20, 21, 23, 2u 25, 2?, 30, 31, 34, 35, 36 41 47,
53, 55, 58, 59, 61 62, 65: 69, ?1 77, 79, 82, 87, 92, 93, 95, 99,>100;
101, 102 108, 110 114, 126 and 127 should be reviewed as to theirfge
content and structure to determine possible faults. They should be ‘
reviewed to determine why alternatives Wwere attractive to the competent
students, and why the keyed distractor was atiractive to the
non—competent students.. Revisions should be made accordingly and the

‘items ‘retested.

LN

Items meetingﬁcriterion for point biserial‘correlation. Sir items,

numbers 1, 4, 13,;19..123 and.128 met only the criterion:for point
 bisertal cone_lb,tion, but falled to meet the criteria for difficulty

leveldand distractor discriminating.power. .These‘six items were able

to discriminste between competent and non-competent students. ’ i~_
. However, they were elther too easy or too hard for both groups of
. students. In reviewing these items the kdy and other distractors should .

} be studied closely, to ensure that the item was'correctly'keyed,'and that



no other distractor is a possible key. Following necessary revisions, A
" the items should be retested. \

»Items meeting no criteria. The largest group of items, 61 in-

number met none of the criteria. Initial revisions to these items could
be based on the difficulty levels of the items. These fall into two

categories; those items which proved to be too easy, and those which.

were too difficult for the students in either group.

The 16 items, numbers 5, 8, 9, 29, 40 L2, u9 70, 80, 81 83 ok,
98, 104, 113 and 117, with difficulty levels above .650 proved £o be
easy for both competent and non-competent students. These items should
be' reviewed for possible clues in the content or structure of the item.
An item within this group may well test knowledge which is essential to
nursing, but which is also known to a variety of other non—nursing
persons. Items of this type should be identified as such by nursing

experts, and should not be used to discriminate between those who are

',competent and those who are not competent in nursing. |

The remaining 45 items proved difficult for both competent and
'non-competent students. These items should be reviewed by nursing |
experts to establish whether or n Mg& the content is essential to
' nursing The structure of the item snould also be reviewed to determine
whether or not any of the alternative distractors was misleading. The‘k
.- keyed distractors should also be checked for accuracy. As with the
other items. the revised items should. be retested and reanalyzed. |

- Appendix II contains the item analysis according to the above

- five categories.

-
el



ConClusions.

Although there are difficulties in obtaining subject groups for
the administration of the test exanination, and in the computation of
ideal results, the item analysis information provided by the adapted
methodology is more readily usable than that provided by a classical
item analysis procedure The information provided by the classical -
technique provided some false positive results as it did not take the
nonwcompetent group of students into consideration. In such cases,
the item appeared on the basis of difficulty level;to neet the set
criterion, but in fact was easy for the‘non—competent students as well;,

Information provided as to point biserial correlation and distractor
'discriminating powers Wwas useful as a gulde to item revisions. By
giving the information in terms of difference from ideal values, items
requiring revisions were accurately pinpointed decreasing the
- subJectivity of revisions based on the olassical analysis results.

Moredaccurato”1nformation as to the discriminating ability of the
item was-providedgby the:matriX»sorting of the anal;§;§ results for the
competent and for the non—competent'students than was provided by tne
| nclassical'analysis method., However, the cutting points for the matrix
dwere subJectively assigned and information as-to point biserial
correLations and distractor discriminating powers for the combined
bgroups waslnot available to aid in revisions, Therefore..thehadapted

| methodology proved more useful than the matrix sorting.

Discussion and Implications

Retesting of items bv this 1tem'analysis\procedure would have

(&)

i



inherent in it some of the difficulties which arose in the original
prooedure. The original grpups of students used for the study were =
from only two ‘schools of nursing in Alberta, and thus_were from a very
linited subsection of the population.‘ However, if numbers of'il
participatingtschools were increased} difficulties vould arise in . ‘
administrative costs due to the necessity of travel. Timetabling'of

non—essential examinations would also present some difficulties, and

- Would require the full cooperation of the schools involved

As the examination is non—essential in nature, that is, it does

not contribute to the evaluation of ‘the studen& motivation of students

is difficult to. achieve. This oy have contributed th the relatively

low marks in the competent group. Adding a few test items to a school-

. set examination rather than having a complete examination of test items

might increase the me%ivation of the students in answering the test
items.' Retesting of the eight items which met all three criteria of

difficulty level, point biserial correlation, and distractor

‘discriminating power within the context of another group of items

_would increase the reliability of the results attained in the present

study- = ”Agt‘ R o

B
Y

e

Difficulties in analysis_procedure. The adapted analysis procedure.

because it includes more calculations ﬁhan the classical technique,'takes

longer to provide" information for item revisxons. Some of the- additional

_ computations as to ideal values fOr di}riculty 1evels point biserial

u
correlations, and distractor discriminating pouers can be worked out

. in advance of the item analysis procedure

The required revisions to the TEST04 program oan be done from a

e



0 ‘
histogram of the combined group results and do not require the entire

T?STOb'analysis procedure. The .cla.ssical analysis could then be
droppéd in favour of the adapted analysis procedure,

Comﬁutations comparing the actual and ideai analysis values could
be speeded up by developing a comfuter progran which cd;ld work from
the adapted TESTO4 program, with imput of the expected ideal values.
Streamlining of these procedures for the use éf.the computer would ease
the analysls of the test ltems, and increasé the utility of the adapted
proceduré. "As it stands, the adapted methodology may appear too
cu@bgrsome to be used by those people who are cg;rged with the task of

revising fest items.

Suggestlions for Further Study

~As the study used only a small proportion of the available items
in the University of Alberta Hospital School of Nursing item bank, it

would be useful to repeat the study usiﬁg othér groups of items from
' ’ : |

the bank. Additionally, items used in this study should be revised and

ietested_to deterﬁine whether or not the information provided by the
_ adapted methbdolog§ assisted in the revision procedure. The eight
criterion items should be retested within a different context of »
examination itéms in order to ses if thgir classification as criteriqﬁ-
meeting items is reliable. .‘ |

As this study hsed known groups of competent and non—competéht
‘studqnts'to analyze the test items, differeﬁt,gioups of students
' coulﬁ be uéed, as long asatgey met the sheqificatioanof competence

and non—competeﬁce in the field of study be;ng tested. By using . .

-
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different'groups of s;udents within the school of nursing, test
items'could belidentified for use at various levels within the school

in order to assess competence at a specific'level. Also, by using
various levels of students within one school, it would'be easier to

add test ltems to established examinations. This would also make
possible the compariéon of various levels of competence rather than the‘
dichotomy of competencé and non-competence.

Items might also be arranged by subject type in order to decrease
- difficulties in the many‘transitions.from subject to subject in the
ofiginal study. This adaptation would increase the knowledgé as to
which subject areas needed the most revision in items. Information thﬁs
provided would assist in both the revision of, and the creation of new
itenms, ;s items which met criterion could be used as guides for new
items within the context area.

Information from the items used in this study could be reviewed in
terms of the item type, that is situational or non—situational; single
answer or multiple cdmpohent; and four or five distractor. Information
’as to which tjpes best discriminated between competent and non-competent
studénts could be used as a guidé for 1£em writérs. Possible sources
of errors in the other items could also be listed and used to assist
' Lten writers to avold these faults. |

Developmeﬁt of a’computer program which could compute ideal values,
‘ahd significant differepceé between ideal and actual analysis results
‘would increase the usefulness:of the adabtéd methodology. A program of .
this type would alleviate those revising items of lengihy calculations

which 1n.thémsglveq\might'deter»instructors from using the adapted °
¥ I ‘



methodology.
The actual, rather than the surmised usefulness of the adapted
methodology could be studied by involving instructors in the revision

of items, using the information provided by this technique.

S Summary .
. An adaptation to the classical item analysis procedure was

devised so that the information provided indicated more precisely
which items were able to discriminate between competent and non-
competent students. The technique involved a comparison of the known
groups of competent and non-competent students in answering test items.
The resultant item analysis results were compared to ideal anaiysis
results which had been previously computed. Information thus provided
was used to indicate the type of'revisione which were,needed in
order to improve the 1tems. |

Although the method used presented some difficulties in enlisting
the aid of volunteer students to write the examination, the procedure
| proved worthwhile. Suggestions were made as to variations in the
'examinee group, and as to the administration of the items as part of
an evaluative examination in order to decrease administrative
difficultles. | ‘ ‘

The adapted uethodology appears to be a viable alternative to the
classicalianalysis technique and should increase the efficiency of
item revisions as well ae'accurately identify those items which do in

fact differentiate between competent and non-competent students.

>
-

76.



References

Adams, J. F, The effect of non-normally distributed criterion scores on

item analysis techniques. Educational and Psychological Measurement,
1960, 20(2), 317-320.
Alker, H. A., Carlson, J. A., & Hermann, M. G, Multiple-choice

questions and student characteristics. Journa1.9£ Eguca£ional

Psychology, 1969, 60(3), 231-243.
American Psychological Association Committee on Test Standards.
Technical recommendations'for psychological tests and diagnostic

techniques. Psychological Bulletin, 1954, 5_(2), 12-37.

Baker, F; B. An intersection of test score interpretation and item

analysis. Journal gg Bducational Measurement, 1963, 1(1), 23-28.

Bloom, B. S. Recent developments in mastery learning. Educational
Psychologist, 1973»v29(2)v 53-57.
Brennan, R. L., & Kane, M. T, An index of dependability for mastery

tests. Journal of Educational Measurement, 1977, 14(3), 277-269.

Cronbach, L. J. Test validation. In Thorndike, R. L. Educational
measurenent (2nd ed. ). ‘Hashington,bD. C.s American Council on

" Bducation, 1971.

Cronbach; L. J., & Gleser, G. C. ngcholggiéal'tests and personnel
decisions. .Urbanas University‘of,lllinois Piess,71965.
Diamond, J. J., & Evans, W. J. An investigation of the cognitive q

correlates of test-wiseness. Jourpal of Educational Measurement.

1972, 9(2), 145-150,
Dreésel. P L. The role of external testing programs in education.
Educational Record, 1964, 55(2), 161-166..




Dzubian, C. D., & Vickery, K, V. Criterion-referenced measurement: some

recent developments. Educational Leadershig, 1973, 29(5), 483-486.

Ebel, R. L. Content Standard test scores.:}Educatignal and

. Psychologlcal Eggéggggggi; 1962, 22, 15-25.

Ebel, R. L. Measuring educational achievement. Englewood Cliffss
Prentice-Hall, 1965. | . )

Ebel, R. L. Criterion refefenced measureménts: liﬁitations..§ggggl
Review, 1971, 79(2), 282-288. | |

Esler, W. K., & Dgzubian, C. D.‘ Criteriqﬁ-referenced fest: some
advantages and diS&dvaﬁtages for sclence instructién; Science
Educat?on, 1974, 28(2), 171-174. |

Feldt, L. S.. Thé use of extreme groups to test for ﬁhe preSAnce of a

relationship. PsyChometrika, 1961, 26(3), 307-316.

Ferguson, G. A, §§gﬁl§3§g§l‘analxsisAg§ Dsychology and education
" (bth ed.). Toronto: McGraw-Hill, 1976, © | =

Glaser,"R. FInstructiOnal technology‘and the measuremént of learning 

outcomes: some quéStions. American Psychelogist, 1963, 18, 519-521.

Glaser, R. A criterlon-referenced test. In Popham, W. J. (ed.).

LY

- Criterion refe¢!h0§d measurement,_ég introduction. Englewood Cliffs:

Educational Technology Publications, 1971.

Gulliksen, H. TheoZI of mental tests. New Yorks John Wiley &~Sons,
1950, |
Haladyna; T. M. Effects of differegt’samples on item and test

Ll

characteristics of criterion-referenced tésts. Journal of

 Blucational MeasuSment, 1974, 11(2), 93-99.

78,



Hambleton, R. K., & Novick, M. R. Toward an integration of theory and

method for‘criferion—referenced tests. Journal of Educational

Measurement, 1973, 10(3), 159-170. e
Hambleton, R. K., Swaminathan, H.,.Algina, J., & Goulson, D. B. |
' v‘#’ ‘ -

Criterion-referenced testing,and measurement; a’ review of technical

issues and developments. Review of Educational Reseaxch, 1978,

48(1), 1-47.

Henfysson, S.  Gathering, ene.lyzing and using data on test items.

In Thorndike, R, L. (ed.). Fducational measurement (2nd ed.).

Washington, D, C.s American Council of Education, 1971.

Hively, W. (ed.). Domain-referenced.testing. Englewood Cliffs:
Educational Technology Publications, 1974,
_ Hofmann, R. J. The concept of efficlency in ltem analysis.

Bducational and Psychological Measurement, 1975, 35, 621-640.

Hopkins, K. D. Response styles, chance and other irrelevant sources of .

variation on test performance. In Bracht, G., Hopkins, K., &.
Stanley, J. (eds.). Perspectives iir' educational and psychological

measure, megt.A Englewood Cliﬁss ?‘entice—ﬁau 1972. ' .
Hubbard, J. P., & Clemans, W. V. Multj:ple choice examinations in

medicine. A guide for examiner and examinee. Philadelphias Lea -
and Febiger, 1961, ' .
~ Hunt, D. , & Randhawa, B. S. Perspectives and prospects of criterion

- referenced testing. Saskatchewan Jou:mal of Eﬁ.ucatio% Research and

T,
o

Development,. 1976 1(1) 3- 14.

In

Jones, L. V. The nature of measurement. L. (ed.).

‘ wca;tional measurement (2nd ed.). Hashi"_ 7D 5N American

Council on Bducation, 1971. . = .
: . e -

79.



| Kelley, T. L. The selection of upper and lower groups for the

validation of test items. Journal of BEducational Psycholqu, 1939.

30, 17-24.
Klein, S. P. Evaluating tests in terms of the informathﬁﬁ they provide.

Evaluation Comment, 1970, 2(2), 1-6.

Xosecoff, J., & Fink, A, The approprinteness of criterion—referenced

testsnfon evaluation studies. Washington, D. C.1 NetiOnal‘Institute
of Blucation, 1976, (ERLC Document Reproduction Service
No. ED 135 841). "

Krathwohl, D. R., & Payne, D. A. Defining‘and assessing educational

objectives. In Thorndike, R. L (ed ). Educational measurement

(2nd ed.). Washington, D. C.s American Council on Education, 19?1.

Lindquist, E. F (ed.). EdUcational measurement. Washington, D.‘C.;.
American Ceuncil on Education, 1951.

Lippey, G. (ed ) Computer—assisted test construction. Englewood

. Cliffs: Educational Technology Publications, 1974,

‘ ILivingston, S. Criterion—referenced applications of classical test

theory. Journal of Bducatlonal Measurement, 1972, 9(1), 13-25.

Loevinger, J. Objective tests as instruments of psychological theory.

¥

Psychological Reports, 1957, 3, 1-18.
Lord, F. M. Problems in mental test theory arising from errors of

. measurement. ~In Mehrens, W. A., & Ebel, R. L. (eds.). Principles"

of educational and psychological measurement. Chicagos Rand McNally

Lord, F. M., & Novick, M. R. Statistical theories of mental test scores.

New York: Addison—ﬁesley, 1968.

80.



!

; Manning, W. H. The functions and uses of educational measurement. In

Proceedings of the 1969 invitational conference on testing problems.

o Princetons:Bducational Testing Service, 1970.

Millman, J. Criterion-referenced measurement. In Popham, W. J. (ed.).

Evaluation in edueations current practices. Bexrkelys McCutchin
Publishers, 197& o
Oosterhof, A, C. Similarity of various item discrimination indices.

Journal gg'Educational Measurement, 1976, 22(2), 145-149.

‘¢Popham, W; J. 4An approaching perilskcloud-ﬁeferenced tests. Phi Delta

-

 Keppan, 1974, 55, 614-615.

' Popham, W. J. Blucationsl evaluation. Englewood CLiffs: Prentice-Hall,

1975.
Popham, W. J., & Husek, T. R. Implications of criterion-refereneed

measurement. Journal of Educational Measurement 1969. 6(1), 1-9.

Sax, G."Princip;es of educational measurement and evaluation.

Belmont, Californiaz Hadsworth Publishing,Co.. 19?b
Shoemaker. D. M. Toward a framework for achievement testing. Review:

of Bducational Research, 1975, & 45(1), 127—14?-

" Stanley, J. C. Reliability. In Thorndike, R. L. (ed.). Blucatlomal

~féasurement (an ed. )« Washington, D. C.s American Council on
Education, 1971. |

Strang, H. R. The'effect5~of'teehnical and unfamiliar options on

guessing on multiple-choice teetsitems; Journal of Bducational.

 Measurement, 1977, 14(3), 253-259.

' Subkoviak,”M.:J. Empirioal'investigation of procedures for'estimating

 rellability for naetery tests.” Journmal of Educational Measurement,
¢ . . .

1978, 15(2), 111-115.

81.



82.

Thorndike, R. L. Rellability. In Proceedings of the 1963 invitational

conference on festing problems. Princeton: Educational Testing
Service, 196k.

<

‘Thorndike, R. L. (ed.)., Bducational measurement (2nd ed.),

"‘Washington, D.‘C.} American Council on Education, 1971.

Tyler, R. A generalized'technique for constructing achievement tests.

Bducational Research Bulletin, 1931, 10(8), 199-208.

“Vaughn, K. W. .Planning the objective test. In Lindquist, E. F. (ed.). -

Educational measﬁrement. Washington, D. C.:_Americ#n Council on |
Bducation, 1951, S -
! k] oo : :
Wright, B. D. Sample-free test calibration and person measurement,

In Prbceedings_gi the 1967 invitational confefencelgg testing

problems. Princeton: Bducational Testihé>8érvicé, 1968.

o .

s



. BIBLIOGRAPHY

Adams, J. F. The effect of non-normally distributed criterion

scores on item analysis technique. BEducational and

Psychological Measurement, 1960, 20(2), 317-320. -

Adkins, D. C. Measurement in relation to educational process.

Educational and g_ycholgg;cal Measurement, 1958, 18(2), 221- 240. ‘

Alker, H. A., Carlson, J. A. R & Herma.nn, M. G. Multiple -cholce

questions and student cha.ra.cteristics. Journai of jl‘duca.tional’
Psxcholosx..1969,'§9(3), 231-243. o
Américan Psychological Assoclation Committee on Test Standards.
| Technical reco'mmenda.tions for psychological tésts and dia.gnostic '

techﬁiques.. ngchological Bulletin, 194, (2). 12 37

. Anasta.si A (ed. ) Invita.tiona.l conference on testing problems.

Testing problems in perspective; 25th- a.nniversa.ry volume of

toplcal readings from the Invitational Conference on Testing

Problems. Washington, D. C. A.mzerican Council on Education, 1966

Anderson, R. . How to construct aéhievement tests to assess N

comprehension. Review of Educationa.l Resea.rch 1972, 42, 145-170. _

Astin, A. W Criterion—centered resea.rch Educationa.l a.nd

Psypholpg@;al HAEsuzement, 1964. 24(4). 80?-822.

'f

F. B.,k a‘.n in‘t%rsection of test score interpreta.tion and

item a.na.ly;sis. Journal of Eﬁ.uca.tiona.l Measurement, 1963. 1(1), ' .

\ .

23"28.

- iiaker.._' F. B. Advances in item analysis. Review of Bducational
: - o E s . . o

83,




Block, J._H. Criterion—referenced measurements: potential. School
Review, 1971, 79(2), 289-298.
Bloom, B. S. Recent developments in.mastery'learning. Bducational

Psychologist, 1973, 10(2),- 53-57.

Bloom, B. S Hastings, Js T., & Madaus G. P, Handbook on formative

“and summative evaluation of student learning. New York: McGraw

H111 Book Co., 1971.

Bock, R, D., & Wood, R. Test theory. Annual Review of Psychology,

1971, 22, 193-224. | L,
Bracht, G., Hopkins, K., & Sta.nley, I. (es. ) Perspectives in | ‘

educational and psxchological measurement. Englewood Cliffs,‘N;J;i,

o

Prentice-Hall 1972.

Bremnan, R. L., , & Kane, M. T. An index of dependability for mastery

tests.o Journal of Educational Measurement. 1977, 14(3) 277-289.

 Bridgman, C. S. The relation of the upper - lower item discrimina.tion

‘index, D, to the bdvariate normal correlation coefficient.
Educational and Psxchologica ‘Measurenent, 1964 24(1), 85-90.
Carroll, J, B. Problems of measurement related to the concept of

learning for mastery. Educational Hobizons, 1970, 48, 71-80.

1

Goffman. W. E, Concepts of achievement and proficiency. In .

Proceedings of the 1 4269 invitational conference on testing problems.

~ Princetons- Eﬂucational Teeting Service, 1970.
. : .
Cox, R. C. EValuative aspects of criterien—referenced measures. In
Popham W. J. (ed.) Criterion referenced poasuremen L, an

1nizndngjlgn Englewood Cliffs, N o Educationsl Technology
Pub]ications, 1971, | -



Cronbtach, L. J. Essentials of psychological testing (3rd ed.). -
. New York: Harper Publishing Co., 1970.
Cronbach, L. J. Vaiidation of'educational measures. In Proceedings

of the 1969 invit&tional conference on testing p_,blems.

. Princetonx Educational Testing Service, 1970. 5 :
.Cronbach. L..J .."Testv’vé,]idation. In Thoindike, R. L. Educational
\m‘easuremen’t (2nd ed) Weshington, D. C.3 Amenican Council on
Education, 971, | | o

Cronba.ch L Jo, & Gleser, G C Psyghologica.l tests a.nd Lersonnel

4

*decisions. Urbana: University of Illinois Press, 1965.

Denney, C. There is more to a test pool than data collectiOn, ’

Ed.uca.tional Technolcﬂ, 1973, 13, 19-20.

Dia._mond, J. J., &‘Evans-, W. J. An investigation of the cognitive

]

1972, 9(2), ws-150. R b
|

~ correlates of test-wiseness. Journal of Educational Measurement,'

Dressel P, L. The role of external testing programs 1n education., o

" Bducational Record, 1964, 45(2), 161 166.. R = SoF

_Dzubj.a.n. C. D., & Vickery, K. V. Crltenon—referenced meastrement ;

' some 'recent'develoi)nents. Ed.uca.tiona.l Lea.ders aip, 1973, 2_( 5).
weyu86.

Ebel, B. L. Must all test_s“ be valld? American Psychologist, ‘1961,
16(10), 640-647. R BRI

Ebel. R. L. Conten‘t standazd test scores.i Educ&tional apd »- .;1'_.4

»”

_xcholoncal Heasurement 1962 22, 15-25.

”Ebel. R L. WWM Enslewood cnffs. -

N. J. Prentice-Ha.ll, 1965 ,‘ R f‘ a

PR

85.




86.

‘Ebel, R. L. The relation of item discrimination to test rel.ia.bility

Journal of Educa.tional Measurement, 1967, 4(3), 125 -128.

Ebel, R. L. Criterion—referenced measurements: limitations. School

Review, 1971, zg(z) 282—288.
Engelhart M. D. - A comparison of severa.l. item cliscrimina.tion ind.ices.

Journal of Educational Measurement 1965, 2(1) 69-76.

_Esler, W. K. & Dzubian, C. D. Criterion referenced test: some
a.dvantages a.nd disa.dvantages for science instruction. Science
Education, 1974 2_(2)._171 17l+

_»Feldt L. S. The use of extrem@gmups to test for the/piﬁe)ceof a '
relationship. P _ychometrlka 1961 26(3) 307 316 :

Ferguson, G. A. Statistical a.na.ly_is in Rszchologx and educa.tion 4

(4th ed.). Torontoz McGraw HL11 Book Cory 19760 ».n;’f,@:, -
Findley, W. G. A rationale fdr evaluation of item discrimination

statistics. Educa.tiona.l and PsxcholoEical Mea.su.rement. 1956.

16(2), 175—180. | S o .
® )

’Flanagan, J C. Units, scores and norms In Lindquist, E. T. (ed ) |

Educational measurement. Washington y D, C g American Council on

mducation,1951. E c'\..g L AR

- h (n- :
" Glaser, R.’ Instructional technology and measurement of learnigg ’

out‘comes: some" queetions. America.n Psxchologist. 1963. 18 519-:521.‘ ‘
Gla.ser. R.. A criterion—referenced test. In Popham, W. J. (ed)
Griterion referenced measurement. An introduction. _ Englewood

K2
Cliffa. N. Jot Erlucational Technology Publications. 1971.

' ‘f Gla.ser, R., & Klaus, D. J Proficiency measurements é.sseseing huma.n '.;

perﬁormence. In Gagne, R. (ed.) Psychological aniples in.

. system develggment. New York: Holt. Rinehart & Winston, 1962.

. j»} .




o s -the theory a.nd practice of criterion—referenced tea ,

,Gronlund, N.‘- E. Mea.surement and evaluation in tea.ching (3rd ed. )

Rt

New Yorkx Ma.cMilla.n, 19?6

Gulliksen, H. “Theory _@ \menta.l

New York; John Wiley# Soms,

19s0.

) Guttmen, -L. Integra.tion of test design and a.nalysis. In ce 95

of the 1269 invita.tiona.l conference on testing m:oblems Princeton:

LR

. Educationa.l Testing Service, 1970. - _ﬁ' ' \ :'_
, 'Ha.la.dyna T M. Effects of different sa.mples on item and test
cha.racterlstics of criterion—referenced tests. __%' g; R

Educational Measurement 1974 11(2), 93-99.

Y

‘Hambleton, ‘R. K Testing and. decision—mking pmcedures for selected )

ind.ividualized instmctional progmms Review of Educational
Research, 1974 ua(u) koo, ot o

...?p

Ha.mbleton. R. K., & Gook L. L Iatent trait mod.els ani their use in

. the a.nalysis of educational test da.ta. .ngrpgl of Eiiueatioga]_, i

Measurement, 1977. 14(2), 75-96 ' f B . s

'Ha.mbleton. R. K. ’ &: Novlck. M. R. Touard a.n, integration of theory and

method for cr.lterion-referenced teets. ‘Journel gg Edng tiopal_
Measurement. 1973, 10(3), 159-170 | s

' ) Ha.mbleton. ‘R. K., Swaminathan H., & A]gim, J, Some co‘ tributions to _

] de ijter. D N- M. . & Vm d.er . Lo J- TO (qé ) I 2
' ,Advance's 1n gaxchologeal " , m_t. New York:
o S | ,‘f‘-,;-l;'- ~ ]




88.

Y
Hambleton, R. X., 9waminathan, H., Algina, J., & Coulson, D. B.
Criterion-referenced testing and measurement: a review of fecbnipal ,

| | N
issues and developments. Review of Educational Research, 1978, i

N

48(1), 1-47.

3

Henrysson, S. Gathering, analyzing and using data on test items. 1In

¥

o 3 ' .
Thorndike, R. L. (ed.). Bducational measurement (2nd ed.);

'Washington, D. C.: American Council on Education, 1971.

Hieronymous, A. Today's testing: what do we know how to do? In

Proceedings of the 1971 invitational conference on testing problems,

\
Princeton: Educational Testing Service, 1972.

Hively, W. (ed.). Domain-referenced testlng. - Englewood Cliffs, N. J.:

Educational Tgchnology Publications, 1974.

-,

Hofmann, R. J. The concept of éfficiency in item analysis. Educational

1

% o :
and Psychological Measurement, 1975, 35, 621-640.
. Hopkins, K. D. Response styles, chance and other irrelevant sources of

variation in test performance. In;Bracht, G., Hopkins, XK., &

Stanley, J. (eds.). Perspectives in educational and psychological

-

measurement. Englewood Cliffs, N. J.: Prentice-Hall, 1972.

Hubbard, J. P. Measuring medical education. The tests and test

procedures of the National Board‘gg Medical Examiners. Philadelphia: -
‘ — — . o> = ‘ L

&
o~

Lea & Febiger, 19?1.

" Hubbard, J. P., & Clemans, W. V. Multiple cholce examinations in

medicine. A guide for examiner and examinee. Philadelphia:

Lea & Febiger, 1961.

Hughes, H. H., & Trimble, W. E. The use of complex-alternatlives in-

multiple choice items. Educational and Psychological Measurement:

1965, 25, 117-126.



v A . i

\3‘"—‘" T4
Hunt, D., & Randhawa, B. S. Perspectives and prospects of criterion

referenced testing. Saskatchewan Joufnaligi Bducational Research

-

and Development’, 1976, 7(1), 3-1k.

¥
i
Jones, L. v, _The nature of measurement. In Thorndike, R. L. (ed.).

Educational measurement (2nd ed.). Wasblnéton, D. C.: American

Council on Educatlon, 1971. ' : \

Keats, J. A. Test theory. Annual Rev1ew of Péycﬁ%logy, 196?, 18,

2175238, A

Kelley, T. L. The selection of upper and lower\groups for the

validation of test items. Journal of Educationéi Psxchologx, 1939,

30, 17-2h. .

Evaluation Comment, 1970 2(2), 1-6.

Kosecoff, J., & Fink, A. The epprop:iateness ofkcriterion—referenced

tests for evaluation studies. Washington, D. q National Institute

of Education, 1976. (ERIC Doeumen{ Reproductioh Service
\ - [

13
No. ED 135 841).

Krathwohl, D. R., & Payne, D. A. Defining and assgksing educational

|
o%gectives. In Thorndike, B L. (ed. ) Educati§na1 measurement
\

(S

(an ed. ). Heshington, D. C.s American Council Jr Education, 1971,
Kuder, G. F., & Richardson, M. W. The theory of the

estimation of test

reliability. Psychometrika 1937, 2, 151- -160.

‘\

Lange A., Lehmann, 1. J., & Mehrens W. A. Using itEm analysis to

1mprove tests. Journal of Educational Measurement 1967, L, 65 68.

Levine H G. McGuire, C. H., & Nattress, L. W. Jr. \e validity of
multiple choice achievement tests as measures of cohpetence in _ N

medicine. American Educational Research Journal, 1970 7(1) 9 -82.




4

Lindeman, R. H. Bducational measurement. Glenview, Illinois:

. Scott, Foresman & Co., 1967.

Lindeo; J. D., & Liﬁden, K. W. Tests on trial: guldance monbéSaph

series III: testing. Boston: Houghton Mifflin Co., 1968.

Lindquist, E, ip. (ed.). Educational mcasurement. Washington, D. C.:

Amorican Council on Education, 1951. L

lippey, G. Compdter assisted test construction. Englewood Cliffs,

N.J.: Educational Technology Publications, 1974.

i3

Livingston, S. Criterion—referenced applications of’classical tests

theory. Journal of Educational Measurement, 1972 9(1), 13-25.

Loevinger, J.. Objective tests.as instruments of psychological theory.

Psychological quorts, 1957, 3, 1-18. . L

Lord, F. M. The relation of the reliability of multiple choice tests

(’\to the distribution of item difficulties. Psychometrika, 1952,
\ - )

17, 181-194. | s

Lord, F. M. The effect of random guessing on test validity.

Educétionalland Psychological Measurement, 1964, 24, 745-747.

- Loxd, F. M. Problems in mental ‘test theory arising from errors of

measurement. . In Mehrens, W. A., & Ebel, R. L. (eds.). Principles

: . A : i
of educational and psycholegical measurement. Chicago: Rand

McNally & Co., 1967. : Y
: - y

Lord, F. M., & Novick, N. R. Statistical theories of mental test

§29£§§. New York: Addison-Wesley, 1968.

| Madaus, G. F. The predictive validity of the NLN pre-nursing and

“guidance examination for different criteria of auccess in a three-
year ciiplomat program. Ed____.__ucational‘ and Psychological Measurement,
1966, 26, 431-437.

-

90. .



‘ , .
-Mager, R, F. Measurlng 1nstructlonal intent. or got a match'>

Belmont Californla Fearon Publishers, 19?3.

Manning, W. H. The function and uses of-educational méaéurement. In

)
Princetonz Educatlonae Testing Service, 1970.

Proceedings of the 1969 1nv1tational cpnference dn testing pgoblems.

LW
v

McClelland, D. C. Testing for competence rather than for intelllgence .

American Psychoelogist, 1973, g§(1), 1-14.

.~

McGuire, C. H. An evaluation model for professidnal education:

medical education.' In Proceedings of the 1967 invitational conference

on testing problems. Princeton: Bducational Testing Service, 1968.
McKenna, B., Taylor, E., Davehshori, C., fpgel, B., & Quinto, F

Testing. Today's Enucation, 1977, 66(2), '34-55

4

Meskauskésﬁfl A, Evaluation models for criterion~referenced testing:

views regarding mastery and standard settlng Review gi Educational
Research, 1976, 46(1); 133-158. |

©“Millman, J. Criterlon-referenced measurement. In Popham, W. J. (ed.).

Bvaluation in education: current practices. Berkely: McCutchin
Publishing Co., 1974.

Myers, C. T. The relationship between item difficulty and test

validity and reliability. Educational and Psycholbgical'Measurement,
1962, 22 565-571.
National Association of Secondary School Principals.( Comgetencx

tests and g:aduation reguirements. Reston, Virginias National

Association of Secondary School Principals, 1976

Noll, V. H. Testing under fire. In Eroceedings of the 1964 _nxziaiignal s

conference on testing problems. Princeton: Educational Testing

' Service, 1965.

91.



e

~O‘Connor; E. F. Extending classical test theory to the measurement of

change. Review of Educational Research, 1972, 42, 73-97.

. 00sterhof A, C. Similarity of various item discriminatlon indices.

Journal of Educational Measurement 1976 13(2), 145- 1&9

‘Popham, W.:J. An approaching peril: cloud-referenced tests. Phi Deltn

appan, 1974, 55, 614—615

Popham, W. J Educa.tiona.l evaluation Englewood Cliffs, N. J .t

: Prentice—Hall 1965
Popham, W. J., & Husek T. R. Implications of criterion—fefefencei.-

‘measurement Journal of Eﬁucational Measurement, 1969,(6(1)

Pyrczak, F. Validity of discrimination index as a measure of item

_quality.” Jourmal of Educational Measurement, 1973, 10(3), 227+231.

f K

Quirk, T. J. Some measurement issues in competency-based teacher

" education. Pht* Delta Kappan, 197, 55(5), 316-319.

Richardson, M. W., & Stalnaker, J. M. Comments on achievement

examinations. Journal of Educational Research, 1935, 28, 425-432.

Sax, G. Principles of educational measurement and evaluation.

-~

Belmont, California: Wadsworth Publishing Co., 1974.

Shoemaker, D. M. Toward a framework for achievement testing. Review

of Educational Research, 1975, 45(1), 127-147.
Stanley, J. C. Reliability. In Thorndike, R. L. (ed.): Bducational
measurement (2nd ed.). Washington, D. C.: Americap Council on

Education, 19715
Strang, H.‘R.' The effects of'tecnnical and unfamiliar options on

guessing on multiple—choice'test items. ‘Journal ggrEducational

 Measurement, 1977, 14(3), 253-259.

92.



L

Subkoviak, M. J. Empirical investigatibon of pi‘ocedures for estimating

reliability for mastery tests, °Journal of’ Eﬁucational Measurement,
[

1978, _5(2) 111-115. | .

’

Thorndike,‘R. L. Rellability. In Proceedings of the 126} invitational

conference gg‘testingapgpblems. Princeton: Educational Testing

. Service, 1964.

Thorndike, R. L. (ed.)..Educstional measurement (2nd ed.). Washtngton, -

D. ¢ American quncil on Bducation, 1971. .
‘ 4
Tyler, R A.gener‘lized technique for constructing achievement tests.

Educatlonal Research Bulletin, 1931, 10, 199-208.

Tyler, R W., & Wolf, ‘R. M. geds ) Crucal issues in testing
Berkely, California: McCutchan, 197(/

Vaughn, K.W. Planning the obgective test. In Lindquist, E. F. (ed.).

Educational measurement. Weshington, D. C.:s American Council on

Education, 1951. _ s

_I

Wahlstrom, M. W. A factor analytic item selection procedure.

Unpublished Master's thesis, University of Alberta, 1967.

. Woodson, M. I..C. E. The issues of ltem and test variance for

- criterion-referenced tests. Journal of Educational Measurement,
}1974, 11(1), 63-64. ¥
-Wright B. D. Sample- free test calibration and person measurement.

Proceedings of the 1967 invitational conference on testing p_,blems

n

Princeton: Educational Testing Service, 1968.

4

93,



. .
o4
' ~
- o
v N :
.
$ .
' .
IS
.
. . .
4
.
f
’ N
. .
, . APPENDICES
ot
*
R 1]
. »
Mamet™n . :
. '
/ N
2
, £ -
.
-
[4
o
- L
. . :



L6

APPENDIX I

TYPES OF EXAMINATION ITEMS
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A. NON-SITUATIONAL SINGLE ANSWERr, AN Y
All.except which of the followiﬁg statements are.related to infantile
colic? | | ' ~

a. It 1s more common in.first born children.

vb. It occurs most frequently between 5 p.m. and‘12 a.m." - |

c. The parents of the infant are usually young and tense.

d. It is due to a congenital stricture not needing surgical correction.

'B NON-SITUATIONAL MUDTIPLE COMP?NENT:
Parents of a male child with genito-urinary problems need to
: . N N
understand that : , : '
1. Elective’ surgery should be performed before school age.
2. Rarely are the kidneys damaged by these problems.
3. . All essential surgery should be performed before puberty

AN

L, Infections dnfrequently aocompany thesefproblems.
Select answer: = | ‘
" a. 1 and 2 are correct.
b. 1 and 3 are correct.

c. 1 and b are‘correct.

d. all of the above are correct.

96.
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SITUATION:

b

'THE FOLLOWING STEM PERTAINS TO QUESTIONS C. AND D.

Mr. J. was admitted to hospital with a diagnosis of peripheral

vascular disease. He exhibits signs and symptoms of dry gangrene An;

his right leg.-«ﬁe is sgheduled for a mid- thigh ampu&ation

r’

C.

SITUATIONAL MULTIPLE COMPONENT

&

In the preop breparation of Mr. Je, the nurse should:’

Yy

Select answer:

a.
b.
Ce

d.

e.f

1.

’2.

."3.

b4,

Y

Make the patient aware of some of the difficulties

may encounter when he tries to use an artificial/limb.

Explain»that the patient should lie oghhis back .

L
Explain to Mr J that Ke may experience phantom :

i

limb pain.

Ekplain to Mr. Je that he will be expected to turn

frequently.

1, 2, and 3 are correct. . . r

L4 is correct.

si and 3 are ccrrect.

" 2 and 4 are correct.

.‘\ N

1 2, 3, and 4 are correct.

¢



.
g

A : _ 98.
; ; )
D. SITUATIONAL SINGLE ANSWER: N £ ;
Mr. J. will probably be fitted for a prosthesis:
a. when the sﬁump heals. . 4 |
b. after he has mastered crutch walking. >
o when weight beaﬁring* is permitted. - R
. d. when the pain has disappeared. . ) -
N\
‘ ‘ .
Y
3
‘ )
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Items are grouped under the following categories: - e

1. Items meeting criterfa in difficulty level, point

4

: bisef_r.'_ial correlation, and distractor discriminating

power. : _ v

-

2. "Items meeting crlteria of difficulty level and point

¢

'biserial corre]a.tion. T l’.

3. ”Items meeting criterion of diffibﬁlty level.

le.b Items meeting criterlon of point biserial
correlation. , &/ . o g
,. 5. Iﬁems meetii}g no cr_ite;:ia..~ | ‘ S o . :
a..' d.ifficulty levei above .650. |
b difficulty level below 360.A - /f

Di%ficulty levels (D. L.), point biserial correlations (P B.C)

" a.nd distractor discriminating‘powers (D. D. P ) al-e reported }@9

for each item. ‘ |

5
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101.

4 e TN
-

Ttems meeting criteria of difficulty level, point biserial

correlation, and distractorfdiscriminating power.

|

N ’ ‘\.\ ' W
No revisions necessary. ‘ /
| /
ITEM  D.L. -~,I"°.B.'C<L/"',7/I)/.D.P.
! h\-‘u-dj —
018 W6k .638 -, 6l
‘ C039 .623 600 .65
o7t 497 - .627 63
088 430 .584 ¢ .61
¥
089 .11 680 60
106 642 .552 . .59 ﬁ
11‘9 530 .57k 61>

125 437 580 57
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2. Ttems meeting criteria of difficulty level and point kiserial

correlation. \

X\

Revisions to distractors needed to improve discriminating ability.

ITEM D. L. P.B.C.  D.D.P.

032 .377 .50 . 43
037 397 . 513 CWb6 .
o .490  Jub6 )
067  .397 .35 .5
076 - Jhl1 .§79 51

086  .371 436 .33
091 570 -.515 o
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¢
v

\ 3 Items meeting criterign of difficulty level.

, : a
Revisions needed in content and/or structure to increase appeal of

keyed distractor to competent students, and decfeégé appeal of

keyed distractor to non-competent students.

ITEM D.L. P.B.C. D.D.P. ITEM D.L. P.B.C. D.D.P.

002 404 .280 - .31 059 .371 -.254 . -.24
010  .609 -.121 .15 061 371 A2k Lk
011 497,373 3h 062 - .629  .388 .42
012 437 372 .36 065 .589  .161 11
014 .497 L334 .30 069 - 424,123 12
015  .351 .139 .15 071 W50 L315 3
020 .44 .26k .25 | o077 .662 .0tk -.03
021 417 .393 .37 079 W17 216 .19
023  .450° .090 .13 082 .40k 247 - .25

024 .636 .309 .47 087 - .397  .132 .15
025  .536 .246 .24 092 .616  .012  -.04
027  .510 .326 .33 093 bk 196 .16
030 384 -.262  -.27 095, .510 - 408 kO
031 .53 116 .11 099 .397 .40 .16
034 -~ .450  .395 .37 100 .397  .390, .38
035 556 L3k 32 101 583 .21 .23
036 .53 .232 24 | 102 . .510  ,309 - .31
o4 - .53  .325 .33 108 .636  .209 .21 -
w7 57 123 (12 110 483 . .395 .36
048 490 .373 .30 11k L5430 252 .30
053 .50 -.015  -.01 126 - .351 193 .13
055 M6k 184 .23 | 127 .64 -.095  -.13
058  .450 .023. -.02 ‘




4. TItems meeting criterion of point biserial correlation.

Revisions needed in content and/or structure to avoid misleading

alternatives.

v

£

P.B.C.

ITEM | D.L.

~D.D.P.
001  .305  .514 L6
004 748 431 .38
013  .318 ;537 46
019  .755  .453 40
123 .722 491 .51
128 722 .2 .36

e

10ﬁ.

-
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5. Items meeting no criteria. a. difficulty above .650

Revisions needed to content and/or structure to decrease appeal df'
keyed distractor to non-competent students, and decrease appeal of

alternatives to competent students.

ITRM  D.L. : P.B.C. _ D.D.P,
005 .83  .267 .19

117, 742

L2t

008  .887 . .177 .10
. . 009 .89k  .218 .13
| 029 .93 269 .10
. o040 .788 . .239 .20 '
. o4  .828  .231 LAl
oy 715 W32k 32
070 .795 216 .19
080  .874 - .163 .10
081 . .662  .316 3l
083  .735 . .051 . Ol
o9k 675 .38k .33
098  .828  .254 17
Cqo4 - .728  .077 .10
113 .881  .206 .10
A0

B e

e v b Tk
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5. Items meeting no criteria. b. difficulty below .360

»
¢

Revisions needed to ascertain importance of content, and to increase

PIE
[

- appeal of keyed distractor to competent students.

”,
£1

ITEM D.L. P.B.C. D.D.P. ITEM _D.L. P.B.C. D.D.P.
003 .238  .29% .28 068 .152 -.073  -.10
006 .305 .27% .22 | 072 - .3W .336 .31 ’
007 .33t .005  -.03 073 .351  .028 .0k
016 .285 .192 .20 | 075 .291  .318 .31
017 .298  .288 .25 078 179 - 369 . .31
022 .132  -.134  .-.07 084 L3116 .40

026 119 7% .11 | 085 .338  .355 .37
028 .093 -.179 .07 | 090 ".192 -.091  -.07

' 7 ‘ o o | ~
033  .258  .060 07 ) 096 .179  ,049 - .05
038 .245  .186 . .16 | 097 .272  .176 .11
043  .305  .352 .28 103 .252  .360 .28
o4s  .192 - .019 . .02 105 .172 .03 - .05

046 .185  .331 .19 107. .205 344 .20
050 .318 .22 .35 109 .245 -.077  -.13
051 .285 %059 .07 | 111 .252 -.101  -.13 °
052 .026 -.112  -,03 112 .139  .297 .24

Cosh .79 067 .01 115 .358 L2t 3k

056 .212  -.069 .11 116 311 429 32
057 .291  .304 .31 | 118 351  .290 .26
060 .106 ' .076 .05 120 .126  .061 .02
063 .073 -.066  -.03 121 119  -.185  -.09
064 .152  .201 .17 122 278 258 .22
066 113 045 .00 124 .338  .287 .20



