'CONFIDENCE TESTING: AN EXPERIMENTAL STUDY

A THESIS

| - PRESENTED TO
. THE FACULTY OF GRADUATE STUDIES AND RESEARCH
~ UNIVERSITY OF MANITOBA

IN PARTIAL FULFILLMENT

OF THE REQUIREMENTS FOR THE DEGREE OF
. MASTER OF EDUCATION. R

By
~ DORIS MOSS COWLEY
MAY 1970

e Doris Moss Cowley 1970 .




AR S

ACKNOWLEDGEMENTS

The writer wishes to express sincere appreciation to the
following for their various contributions: |

Mr. W. Soprovich, Manitoba Department of Youth and EdUcation,

for faciTitatihg data collection in the BSCSiB1Ue‘Version pilot project
schools; the'students and their teachers at Churchi]l, E1mw60d and |
‘ St. John's High Schdois and Fort Richmond Collegiate who took part in
”the study; Dr Péter A. Taylor for much he]pfu1 advice andkconstrUCtive

.criticism.




. ABSTRACT

" The purpose of this study was to investigate a confidence
testing procedure as a workable technique for the extraction of more
information about a testee's state of knowledge than is possible under

conventional testing procedures.

~

Conf1dence testing guarantees a testee that he may max1m1ze‘
h1s ‘score if he weights his responses. to each of the a1ternat1ves of a
‘.mu1t1p]e-cho1ce question in such manner as to honestly reflect his state
of knowledge'as.to the correctness of each a]ternatiue. Confidence
test1ng is claimed to have greater diagnostic utility than conventional
‘procedures and by e11m1nat1ng the need for guessing provides greater
opportunity for the 1mprovement of the,teaching—]earning situatton.and

“the psychological climate of testing.

Three hundred students comprisedvthe'samp1e They were divided
1nto an exper1menta1, and four control groups, and were tested on 56

:spec1a]1y constructed 1tems on the BSCS B]ue Vers1on textbook 1in b1o1ogy o

" Controls were imposed for test-tak1ng 1nstruct1ons,,scor1ng procedures, f{

Blue Version biology content, and non-specific biology content. Analysis -
oi the data obtained through student responses led to some insights into

the‘confidenceJtesting,method and to some tehtatiVe conclusions.

By‘c0mparing the experimental,group's performance with the

:fapproprtate control, it was found that.confidence-testing gave credit

~.

~
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~for part knowledge; that testees found conventional testing procedures
'eésier.to fo]]dw than confidence testing procedures; that teét items

were bio]ogy—discriminative, though not necessarily Blue Version biology;

and that the sex differential between boy-girl performance, which was
clearcut under conventiona]yscoring, was insignificant under confidence
scoring. Girls exhibited a greater tendency to comply with confidence

testing instructions.

.Re1fabi1ify:of the test (.5) was 1ow under confidence scoring,
"but was greater than that obtained wheh the same data were scored by
~conventional procedures (.4). Item-test reliabilities ranged from -.5 to =
.7 with re]ative1y high standard errors of measurement. Test va]idity |
was also low (.4) and less than that obtained when the same data were-
:conventiona1]y scored (.7). The criterion selected was conventional
school biology term—mark. TheseAresu1ts were df the same ofder of

magnitude as those found in other studies with confidence testing.

~ The items were‘found to be both difficult (82 per cent were
';greater than 50 per cent difficulty) and discriminating (only ten did
not discriminate). Item Charaéteristic curves were constructed for

representative items.

It was concluded that confidence testing may serve as a useful -
: diagnosfic tool and that increased reIiabi]ity and validity might be

~expected from specially-constructed items and a suitable criterion for

T~




v

confidence-testing. Factors to be considered in the use of confidence
testing and the interpretation of data are the homogeneity of the item
and test content; homogeneity and ability level of the testees; item

difficulty and discriminability; familiarity of the testees with

confidence procedures and purposes.
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- CHAPTER 1

AN INTRODUCTION

1.1 Rationale.

. The aim of a good education in biology
. includes not only knowledge attained,
“both of the products and processes in
biology, but the desire for knowledge
and the ability to seek it. Hence, the
energy of wanting, initially manifest
in 1iking and respect for the teacher,
must be shifted first from the teacher
to the qualities the teacher possesses
as an educated person. This energy
must be shifted finally to the objects
or materials of biological science.
That is, the student must not only
deve]op certain qualities and capacities
in himself, but he must develop an .
“dqnterest in the subject matters of the
major fields of knowledge that will cause
him to continue to study them, pursue
them, for the intrinsic p]easures of
- learning.

. If one adopts a purposive view of behavior, the existence of a

goal, or set of goals, is a necessary precursor to any teaching activity,

though the precise statement of‘objéctivés in advance of work on

materfa1s and evaluation has not been deemed necessary by all developers
of new curricula. Thé goals may be expressed as broadly as those above

(Schwab, 1968, p.442), or the ‘goals may be specified-more behaviorally,

that is, in terms of observable and measurable 1mmed1ate behav1ors But

if 1n the purp051ve view of behav1or the ‘existence of a set of goa]s is
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necessary, mere existence is not a sufficient condition for determining
a strategy for arriving at an end-product. Arrival at an outcome is
validated only to the extent that process-data (formative evaluations)

“are positive evidence for the.attainment of the goal.

The Bio]dgica] Sciences Curriculum Study (BSCS) group, in
Aattempting to impart the nature of biology as an investigatory science,
‘has incorporated two broad aims into the course materials, each having
implications for thé kinds of learning expected of the students:
subsfantive course content and scientific process. These two broad aims
are’interwoven with one another throughout all the course materials and
together define the goal of student achievement in the BSCS context.
Nine basic biological themes, all of which are represented with varyihg
emphases in the three BSCS text versidns, co-relate the content with the

process aims.

As appropriate curriculum materia]s‘were developed, four

objectives relevant to the BSCS phi]osophy»emerged: three pertaining to

the substantive content (memory,. organization, and application of know-

ledge), and one pertaining to scientific procéss. In order for an
~achievement instrument to be valid in the BSCS context, therefore, each

of_these objéctives’must be taken,into'consideration.

- The use of standardized objective tests has become ankaccépted
evaluative practise in many..schools and‘both standardized and classroom

~ tests have an important bearing on the way students approach the




Tearning process, regardless of the subject-matter or the goals of the
particuTar'currTcuTumr Objective tests offer the decided advantage over
es$§yatype tests that a teacher who is only partially trained in the
skills of tesﬁ#ccnstruction-can look with some confidence to the
reliabiTity of the results from the test. Moreover, no matter how well-
defined and desirable the objectives of a course of study may be, as far
as fhe student. s concerned, the keyrto success lies in mastery of the

: kinﬁs of skills tested for. If tests require mere repetition of text
detail then the student concentrates on rote-learning methods. Such a
student must expect to go beyond mere recall in tests which demand the

ability to apply knowledge to show relations and use skills.

One concern in the evaluation of a science is the disparity

- between philosophy and practice. - Cohen (1957) observed that “our
“system of education tends to‘give children the impression that every
question has a single, definite answer." BSCS materials encourage the
 student to discover that in many areasvof scientific inquiry there is,

in Facf, no single, "right" answer but that some answers are either more,
or less, correct thanrcthefs because they differ 1h—theudegree of comp-
rehensiveness. This befhg the case, items in which the alternatives V
“véry in their degree of relevance yet are all plausible to the uninformed
- §tudent;'perm1t probabilistic responding that is appropriate to the

philosophy of & non-deterministic science.

Regardless of the substantive context, one of the major

purposes of testing at all is to provide formative ("feedback") data




upon which curriculum decisions can-be effected. The normative use of
‘standardized tests is inaepropriate for this kind of decision-making
“since it ustilizes item responses averaéed across people, ignoring the
interaction of individuals with instructional strategies (materials,
teachers, etc.). In ofder to assess this vital treatment effect, it is‘
necessary to focus upon individual item-responses. A conventional
'testiné strategy typically fesu]ts in item scores which are either zero
or one. Information is net obatined that could otherwise have been
vsought A testee s part know1edge is disregarded. The testee 1is faced
with conflict-situations as to whether or not to guess; he is encouraged
to “outguess“ the tester rather than be strictly honest about his state -
of knowledge: he is faced with a potentially large number of failure
situations. A.method which provides for the honest declaration of a

state of knoW]edge thereby essentially eliminating troublesome prob1eme of
~guessing and which, by its scoring syétem, motivates the respondent to -
give an honest response by allocating nUmerica1 credit for part—knoW]edge,
contr1butes not only to the psycho]og1ca1 climate of testing but also
makes available a greater amount of item-information, thereby 1ncreas1ng ’

the total utility of a test1ng program to an evaluator.

1.2  Purpose of the study.

The purpose of this study was'to experiment with one particular

testing strategy -- confidence testing -- which seemed to offer the




advantages of diagnostic¢ utility to which conventional testing procedures

do not lend themselves.

‘Since confidence-testing permits a testee to express his
degree of belief in the correctness of a number of alternatives to a
test item, the conventional multiple-choice item with its single "bestf
answer is not jdeally suited to an experimental study of this kind. As
a resu]t a set of test 1tems was constructed whigh would provide the
‘kind of response-setting from which the greatest number of 1nferences
about the value of confidence—testing could be drawn. Because there was
a need to make certain decisions about the merit of the BSCS Blue
Version text and since the Qenera] framework of the BSCS materials
seemed an appropriate medium upen which to eakry out an experiment such
as this, the items that were constructed were framed within the Blue

Version context. The information yielded from responses to these items

was available to those wishing to make assessments of the Blue Version
'teut Again -- the primary purpose of this study was to experiment
vw1th conf1dence testing as an evaluative strategy and to make some
Jjudgments about its worth. A secondary payoff was. that the 1nf0rmat1on
yielded by the specially- constructed test items could be used as
feedback for. any evaluative act1v1tTes concern1ng the new biology

- program. No attempt was made subsequent to the study to employ the

test data in the eva]uat1ve sense -~ s1mp1y to de11neate it.




‘vCHAPTER 2

A SURVEY OF THE LITERATURE

| The édncationai establishment is increasingly and continually
confronted with é need to make decisions for which it has inadequate .
information. it is in order to meet this need that psychoiogicailand
E educational tosts exist and that strategies of evaluation have‘received‘
much attention:oven the past decade. Too often, testing has been equated
with measuring the achievement of pupils in}a normative framework,
ignoring the need for information about instructional materials, teachers
and administrators, the school and community environment, placement
decisions, and interactions between eaoh of these. Tne only real
justification for the use of a test lies in its ability to provide
informationvthat will improve a decision-pnocess beyond chance,IOr.the
base level. While any scientist realizes the utility of reliable
intormation, the ultimate purpose of anyimeasurement is to assist in -
the making of quéiitatimé decisions that are in some sense “better"

‘than those that would have been made on the basis of unaided judgement.

' Z,iv' Decision theory.

o One of the most significant'deVe]opments’in applied mathematics
.?that has occurred since mid-century has- been the conjoining of utility
theory and probability theory to yield whatfis now generally referred

“to as decision- theory.
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Decision theory rose out of a concern for improving busfness

and other economic decisions. Serious limitations were found in the

theories of classical economics that emphasized the welfare of the

- individual entrepreneur. With the rise of megalithic business enter-

prises, there was an urgent heed to consider how decisions are made by

coalitions of subgroups with differing interests. The void in the theory

of decision-making led von Neumann and Morgenstern to propose their -

Theory of Games (1947) in which a decision-maker was described as a
participant in a game or a competitive market. This first attempt at
describing decision processes proved to have value not only in economic,

but also military, situations.

The publication of Statistical Decision Functions (Wa]d; 1950)

extended hypothesis—testihg into a general decision theory. The
probabj]istic framework of the statistician was applied to decisions in
which risk comes ffom randbm variation of an event. Decision theory also
takes into account the "utility" (behefit) of possible courses of action.
The deffnition or estimation of such utilities constitutes much of the
prob]ematié nature of utility theory. ‘Perhaps more'than}any other
purpose to wHich statisticé] methods.have-been put,!the determination of
uti]ities has drawn together economists, psycho1ogisfs, mathematicians
7aﬁd statfsticians to account for an individual's choice of a course of'
.faction, thét is, to detérmine‘what'set of utilities is cohsistent with
overt behavfor. Decision theory, in principle, applies to all behavior
and guarantees consistency between,thought andAactioh, without it being

a moral system for dictating peop]e‘s choices.
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Mathematical decision theory is a highly generalized theory,
encompassing a variety of principles for decision-making. One such
priciple is that which attempts to avoid any sudden, large loss: the
purchaser of an insurance policy on some good is functioning on this
‘prﬁhcip1e. Another principle would be that in which certain choices are
‘ﬁﬁéférred that have a small probability of accruing a large return: the
purchaser of a lottery ticket would be acting out this kind of strategy.
" The miost useful institutional decision strategy is that which maximizes -
" fhe dverage gain (or minimizes that average loss) over many similar

decisions.

Regardless of the principTe employed, in order to evaluate a
decision-making procedure, one is required to ask three questions
(Croribach and Gleser, 1957): does this decision seem the best possible
6n the basis of the given information?;‘would some additional information
fmprove thé decision brocess?; what differénce is there in the goodness
~ 6f decisions arrived at by two different procedures? What outcome results
from a given decision is not on1y a function of the given treatment, but
§?§6 of the characteristics of the individual and of a variety of
§ituational variables. Thus, as Cronbach and Gleser point out (1957),
&y given test has a range of ut?]ities‘depending on the use to which ft
is put. A va]idity matrix may be considered as an instance of the

- delineation of payoff, that is, of empirically determined utility.




2.2 Utility.

The basic premise underlying all uti]ity theories is that one
can assign numerical quantities to decision-alternatives in a way that
determines that a particular alternative is chosen from a set .of all
possible alternatives if, and only if, the numerical quantity (utility)
assigned is greater than that assigned to any other alternative. A
general behavioral maxim is that an individual functions in such fashion

as to maximize utility (Luce, 1967).

In order to maximize an expected gain it is necessary to make
an assumption about the utility scale on which the decision outcomes are
‘evaluated. It must be assumed that the value of each possible eutcome
canvbe expressed in equal units of "satisfaction", and that the units are
additive. One might express utility in terms of a dollar scale, for
examp]e; .If we think of‘risk as involving an assignable set of probab-
ilities that sum to unity, then the uti]ity of a risky a]fernative is the
sum of the utilities df its component outcomes, each Weighted according

to the probability of its occurrence.

In contrast to risk, we cahAidentify the concept of uncertaintz.'
Whereas the probabilities associated with the determination of risk follow
" the conventional mathematical rule that their sum shall be unity, the
~probabi11ties associated with a state of uncertainty do not have this
‘beundary restriction. For example, the-probability of winning a do]]ér

on the outcome of the toss of a coin (the risk’of.not winﬁing a dollar)

_'is p %'0.5.'The uncertainty of winning a dollar wi]] in this case be equal
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to the risk because there are only two possible outcomes. An instance
Awhere uncertainty -- not riék -- is involved will entail the impositfon
of a subjective estimate of probability.  Thus, betting on the outcome
of a horserace would, in most cjrcumstances, exemplify the principle of
~uncertainty. A comparison between the bets placed on each horse may be
interpreted as an individual's evaluation of the likelihood of certain
events occurring.f The numerical equivalents of these dollar quantities

are referred to as "subjective probabilities".

2.3 Subjective probability.

The term ”subjective probability" has had two referents in the
course of its evolution. First, it was the name for a school of thought
about the 1bgica1.basis for mathematical probability (de Finetti, 1951,
1937; Good, 1950). Second, it was a name for a transformation on the
scale of mathematical probabilities which is related to behavior
(Edwards, 1954). If subjective probability is assumed to be different
from objective (mathematical) probabi]ity, as for example ih games of
chahce; then the term “SUbjectivé probabiiity" is best used in the

second, or psycho]ogi¢a1, sense.- Other terms with the same meaning are
 "persona1‘probabi11ty", "psycho]ogical probability" and "expectancy"
(Thrall, 1954). From the psychologists' point of view, the study of
subjective probability is of theoretical 1nterest as wg]] as préctical
" 'fmporténce, forAit'at once,provides.a novel method and a viable concep¥
-tual scheme for the investigation of learning, thinking, perception and

decision-making.
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The generic term "probability" has itself had at least three

contextual meanings: empirical, 1ogicé1 and subjective. The empirical
view is that probability statemehts make assertions about the real world.
It identifies probability with the conceptual Timit of a relative
frequency: the probability that A is B is p = Tim(f/N), where f is the
observed frequency. and N the total number of events. p is given contexf-
-~ ual meaning. Braithwaite (1964) suggests a theoretical-model concept

in which the probability that A = B is a parameter of the model given
empirical méaning by a "rule of rejectioh". The "rule of rejection" in
a sfatistica]'cbntext is the well-known hypothesis-testing method of
Pearson, Fisher and Neyman. In this latter viewpoint, the establishment
‘of the "truth" of a probabi]fty-statement depends on the results of a
non-terminating empirical investigation, the outcome of which is said to

be only “probéb]e” (Neyman, 1952; Fisher, 1956).

An alternative view is the denial that probability statements
are empirical statements at all. Keynes (1921), Carnap (1962) and
Jeffrey (1956) eaéh defend the view that probébi]ity represents a logical
re]ation‘bétween a perositionvénd}a body of knowledge. Their argument
" is that between one statement and another statement(or statemenfs)
representing evidence,}there is one and only one degree of probability
that the statement may have relative to the given evidence.' This implies
"thét a probability statement 1s.1ogica11y'true if it is true at all.
“Probability stétements are therefore purely formal: given a statemeht S

and a body of eVidence'E, there is one and only one real number p such
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that it may be said that the probability of S relative to E is p.

The denial of this latter assertion is precisely what disting-
uishes the subjectivistic view from the logical view. In thevsubjéctiv;
istic view, the re1atfon between a statement and a corresponding body of
evidence is a quasi-logical relationship and the number-value attached to
it represents a'dégree of belief. This numerical value is not uniquely |
determined. A given statement may have any probability value between
zero and one assfgned to.it on the basis of the given evidence, aécording
to 'the inclination of the'person whose degree of belief that probability

represents.

The subjectiviétic theory of probability, however, is not an
empirical psychological theory of degrees-of-belief. Confusion about this
has arisen from experiments performed with a view to finding out whefher
people's degrées of belief are related in some hypothesized way to the
“corresponding theory (Cohen, 1957). These experiments tested people, not
the theory: the object was to find out if people have rational behavior
patterns acgording to-thé prescriptions of the»theory, not to find outvif

the theory accurately describes the behavior- of people.

Perhaps, then, one might best describe the subjectivistic
theory of probabi]ity as a logical theory in the sense that only certain
combinations of.degreés—of—be]iéf in related propositions are admissible.
If a person}has-a degree of belief, p, in a statement S, then he "shpu]d“

have a degreg.of belief (1-p) in the denial of S. An attempt to justify
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the proscriptive "should" can be made by appeé] to the argument that

. degrees-of-belief can be measured by betting ratios. For example,

to say that for a given individual the probability of the occurrence of

S is .25 is to say that he is willing to bet three to one against its

truth. If the indivfdual assigns any lesser ratio he is bound to lose
anyway. That is, if he "bets" $.25 on S and $.25 on the denial of S,

the "book" is aséured of a profit of $.50, regardless of the outcdme.'
To avoid having book‘"made against one" an individual should distribute
his degrees of belief so thaﬁ they obey the rules of the convéntiona] '

calculus of probabilities. The poSsession of such a distribution is

- called coherence. The notion of coherence was first introduced by

~ Ramsey (1926) who took overt behavior in choice situations as indicative

of degrees of belief. For behavior to be coherent, no set of bets on a
series of propositions was allowed which ensured that, no matter what
the outcome, the nettor would lose. There is a logical demand that one

be coherent in one's beliefs -- and this is the only demand made by

the sdbjectivistic theory.

There are two curkent meanings attached to the term "coherence".

~ The first meanﬁng maintains the sense imposed by Ramsey and reaffirmed

by de Finetti (1937) and Lehmann (1955).'A second sense invokes the

}_notion of "strict coherence" (Shimony, 1955; Kemeny, 1955) in which

not only is it impossible for the holder of coherent beliefs to lose
but also it is impossible for him to place bets so that he will not
win some zero-amount (that ié, come out even) and there is a chance
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that he will suffer a net loss. ThusAin the older, weaker definition, a
bettor is said to be incoherent in his behavior if he distributes his
degrees of belief inbsuch a way that he must lose, while in the case of
the étrong'definition, the bettor is said to be incoherent if he
distributes his degrees of belief in such a way that he may either come

out even or lose.

“In the subjectivistic theory, probabi11ty represents the
degree of belief that a gi?en person has in a given statement on the
basis of given evidence. A person should be consistent in the strict
logical sense. In fact, some writers use the term "consistencyﬁ in
place of “coherence" (Edwards, 1954). It is perhaps preferable in
referring to matters of judgment that the term "consistency" keep its
Tay meaning, in the sense that’beliefs wod]d be deemed consistent to the

degree that they do not contradict each other.

By the rules of dedyctive 1ogic; if the evidencé logically
entails E, then the individual shoqu have the highest degree of be]ief
in E; if,the evidence entails thé denial of E, he should have the Towest
belief in E. fhe subjectivistic theory of probability goes one step
kfurther: it posits that a person's bbdy of beliefs, considered as a
whd]e, must be cohefent as well as consistent. Such théories are
subjectivistic or personalistic in the sense that én individual may hold
any degkee of be]fef in any given statement on any_QiVen evidence,v
pfovidedbonly that his degrees of belief in other, related, statements

are suitably adjusted (Davidson, Suppes and Siegel, 1957; de Finetti,
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1961; Frechet, 1954, 1955), In either of the alternative views (the
empirical and the logical) there is one aﬁd only one degree'of probab-
i]ity that can be assigned correctly to a statement relative to a given
body of evidence. The subjectivistic view encompasses any degree of
belief in any statement but restricts thé distribution of degrees of

belief among related statement-sets.

2.4 Degree of belief and exchangeability of events.

" If the physical universe is regarded as deterministic in
structure, complete description of nature involves knowing all fhe-true
statements about the causal relations betWeen events and thus being able
: to pred1ct with certainty the future course of nature. In such a schéme
a statement of probability reflects a level of ignorance. Bernouilli
(1713) wés probably the first to define probability as a degree of |
confidence in a propositioh whose truth'was indeterminab1e, The degree
of belief, or degree of confidénce in a proposition, identified as its
~ probability of occurrence, is a function of the knowledge that a person
has at his disposa] and may therefore vary‘from one individual tb
another, or ffom time to time. The "art of guessing" consisté of
estimating as preciée]y.as possible -- on the basis of avai1§b1e‘

knOw]edge -- the "best" values of probabilities.

" De Morgan (1847) explicitly defines probability in terms of

"absurdum. For example: the infa1lib1e_fee]ing in our “know1edge"'£hat' :

2+ 2=4,we call "certainty". If we treat "knowledge" as a magnitude

T A P N
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then we can gainfully talk about degrees of knowledge. Lower grades of
knowledge-amounts are calTed “degrees of belief". Probability refers to,
and implies, belief: thus belief is but an alternative label for

fmperfect knowledge.

k K&yﬁes KTQZT) suggested that "probability" is am undefinable
togical relationship between one set of propositions and another set.
. More impcrtantTy; in cantext, he introducéd the idea that this relation-
ship is associated with the rational degree-of-belief in a prOpoéition.
| Keynés assumed that all degrees of belief are neither measurable nor
comparable: hé thus avoids the difficulty of assigning some numerical
”equivalents,ﬁo a degrée of beTTef;r Raméey (1926) and Borel (1924) each
}1ndependent1y prcposed that the on1y‘$und way of measuring a person's
degree of belief is by identifying the latter with specific kinds of
overt behavior. If a person is witling to gamble oﬁ the outcome of thev
| occurrence'of‘rain tomorrow by tossing a coin, then one can say that his
degree of belief in the proposition that it will rain is numerically .5.
vKoopman'(1940), following Keynes, retained an intuitive notion of "degree
of belief" and argued.that such probabilities are not necessarily

- completely ordered, while measured degrees of the same thing must be.

~ The {ntroduction of the concept of "equivalence”, "symmetry"
“or "exchangeability" (de Finetti, 1931), was an attempt to bridge the

notionS'of subjective probab11ity and the classical procedures of

- Bayesian statistiéa] inference. Bayesian procedures are a body of methods

for inferring outcomes, according to which one starts with an a priori
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probability distribution which is then modified in the light of

experience and experimental evidence.

In the case of exchangeable events, certain types of inference

~-are independent of the original assignment of probabilities to the
individual events of e sequence. de Finetti (1964) shows that, for
example, in the<ease of a sequencevof exchangeable events a person,
whatever h1s initial pos1t1on must, if he is to be coherent in his

be]1efs, come eventua11y to assign a probability to the event in

question Which is close to the observed relative frequency. The principle
of exchangeabi]ity stresses that a sequence or order in which events
occur has nothing to do-with determining its associated probabilities: it

is the‘observed relative frequency which is all-important.

_ The $ubjectivist would argue that events in a sequence are not
independent, or are at least not viewed as.ihdependent in establishing
knowledge of degrees of be]ief.‘-Subjectiveiy, the occurrence of certain
events: in asequence_suggests evidence aboﬁt the occurrence'of future

~events which affects‘OUr degree of beljef about them.' Thus, the

subjectivist would say that'the'(conditional) probability attributed by
o an individual to the kth=toss of a coin shewing heads, given knowledge
of the previous (k - 1) outcomes is dependent upon the proportion of

heads showing in these (k - 1) tosses, yet is independent of the

partieular’order in which heads appeared.
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- 2.5 Research on subjective probability.

By 1955, all current decision-making models asserted that a
decision-maker behaves as though he compares payoffs, and chooses that
course of action from among those available to him for which the sum of
the probability-utility product is greatest (Edwards, 1961). The models
dfffered to the extent which they permitted objective measurement of
utility. Measufémént procedures for assessing an individual's subjective
_probability were developed by Toda (1963), van Naerssen (]961),‘de
Finetti (1962) and Roby (1965), all having the property that an individuall
would maximize his expécted utility if, and only if, he expressed honestly
his subjective probabilities. Shuford, Albert and Massengill (1966)
extended this notion under the rubric of admissible probability testing.
Thus the argument had reached a point where, for expected maximum utiiity
models to satisfactori1y represent a state of nature, subjective probab-

~ility would have to replace objective (mathematical) probability.

Some'progress toWards clarity about the nature of»subjectivé
probabijity resulted from Savage's (1954) wprk.‘ Savage‘based his analysis
on two assumptions: the assumption that all courses of action can be rank
ordered for a given individual; and the assumption that if a course of
action A is at least as "good" as a course of action B in all possible
future states of nature and is definitely better in one or more states,
then B should never be preferréd'tO'A (the fsure-thing princip]ef). On
the basis of these assumptions, SaVage defines “subjective probability" aé

~a number that kepresents the extent to which an individual thinks that
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the occurrence of a given event is likely. This number has the same.

mathematical properties as objective probability (Cohen and Hansel, 1958).

Apart from the efforts by Savage, and particularly by Cohen
and his co-workers, there is little or no systematic evidence about the

nature of subjec@ive probability.

2.6 Confidence testing.

The point has been made thﬁs far that any decision-making

- process is dependent upon determining the utility of an outcome and that

the utility is, in turn, a function of the product of the value of an
eVent and df-the probability of its occurrence. The current view is

.’that the best measure of utility is arrived at by invoking the measure

of subjective probability and value.

Since evé]dation -- which»aSSumes such importance in the

functioning of schools -- is but one application of decision-making, it

- too depends upon questions of:value‘and upon measures of subjective
probability. Insofar as evaluation depends upon classes of evidehce
derived from the adminfstratibn of tests of vafious kinds it is compelling
B that the tests themselves muét,be couched in such fashion as.to permit the
eXpression of subjective probabi]ities.f Conventional choice tesfiﬁg |
(that is, testing which émp]oys items that involve choice from a number
of stated a1ternativés) has typically restricted the selection of
_response. to thaf one a]fernative which is judged “best? (most appropriate) ?

_ by the testee, according to some criterion.
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In contrast, test response procedures that require an expression
of confidence of the testee in one or more of the given alternatives
(confidence testing), permit the declaration of precisely those subjective
probabilities that optimize decision-making for the test user. Confidence
testing yields moke precise information about a person's state of knowl-
edge than conventional choice-testing does. This information can be used
to improve the effectiveness and efficiency of selecting, classifying and

~training individuals.

A]though, in the history of testing, it has been suggested that
‘the use of confidence testing could gkeat]y increase the amount of
information available froh the test, experimental attempts to measure
confidénce have generally been failures. Many of the earlier attempts to
measure confidence were scored in such é way that, if the student had
slightly more confidence in one alternative than in any of}the others, he
could maximize his expected score by pretending that‘he had comp]ete
confidence in that alternative. Or, if he had no knowledge of the item
content, any confidence-response was'as,gbod as any other. In order for
confidence tesiing to yield valid énd-reliab1e (stable) results, it is
v neéessary to have a scorfng_system which. makes it possible -- and in the
best interests of the student -- for the testee to state honestly his
degree of confidence whateyer his state of knowledge, and thereby
maximize his score. Current testing téchniques for assessing student
knoWiedge not only fail in this respect, but they é]so fail to extract

all of the potentially-available information from the test responses.
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To extract this additional informafion, "admissible
probability measurement" procedures have been proposed. Commonly used
admissible procedures are, for example, direct estimation, category
judgments, -direct ratio-scaling, and indifference procedureé. Admissible
measurement procedures include the quadratic scoring system which was
“proposed independentiy by Roby (1965), de Finetti (1962), Toda (1963)
and van Naerssen (1961) and the reproducing scoring system (RSS) ofb
Shuford et al. (1966). In each of these téchniques, a testee's score is
determined by the probability assigned byAhim to the correct (keyed)
response plus his distribﬂtion of'points (probabilities) to the other,
:non-keyed responses; Such scoring systems are given the generic title of
"symmetric scoring systems" (sSS) because the numerical values assigned
to the incorrect responses can be'interchanged without affecting the
total {tem-score; A general recommendation seems to be (Rippey, 1966)
that if test items contain a single, correct response the RSS (sphetica1
or trﬁncated Togarithmic forms) is the better scoring system; if the
}items have more than one possibly-correct response, the generalized
qQadratic (Euclidean) form is preferable. When a groupvof testees is
high1y homogenized, confidencé—testing procedures have Tittle advantage |
over conventiona]ly—scored,tesfs, In part, this is an'artefacf of the
B structure of correlation coefficients in genéra]. In those instances |
when a tester has no information whatsoever about a group, écores
resulting from éhdice-testing yield about half the information’resu]ting_

from confidence-testing; the same situation obtains when students' states
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of knowledge ake broadly distributed with relatively few well-informed

or misinformed students. With a uniformly uninformed group (such as a
class of students starting out on a new éubject) the gain from confidence
testing over conventional testing is trivial, but, of course, in such
circumstances the amount of information gained by any testing program is

negligible.

Perhapé,the‘greatest justificatibn for conf%dence—testing in
comparison with conventional choice-testing 1ie§ in the amount of
diagnostic information resulting from the use of the scoring system. In
a conventiohgl]y—scored test, each item is typica11y scored zero or one,
..with the total test score being the sum oflﬁhe item-scores. For a test

scored according to any of the confidence procedures an item score may
‘range anywhere from zero to one on a contﬁnuum, the actual score being
determined by the number’df points in total‘to be distributed, by the
~number of points allocated to the keyed correct résponse and by the .
distribution of pointé across the remaining, unkeyed, responses. Because
each item yields sﬁoresvon a continuum, there is necessarily more
diagnostic information available. Shuford et al. (1966) suggested five
categories of states-of-knowledge éssfgnéb]e from continuum item scores:
well-informed (a high degree of confidence in the correct response);
moderately informed (a fairly high degree of confidence in the correét
reSponée); uninformed (equal confidéncé\in all the answers); partially
informed (hjgh confidence in the correst fesponse but the same degree of

confidence in one or more of the incorrect responses) and misinformed
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(Tow degree of confidence in the correct respbnse, high degree of

- confidence in one or more of the incorrect responses). Not only may a
testee be categorized in terms of his response to a given item but also
his total test score will yield certain additional information. A total
test Score has importance because it has typically been used forfdeter—
mining such things as course grades, placement and selection. Because a
‘test scored under eonfidence-testing conditions takes into account
partial know]edge a different ordering of éfudents may'hesu1t from that
arrived at by conventiona] scoring methode. The conventiona11y—scdred
‘test does not discriminate between partially informed, uninformed and
misinformed students. Therefore, more valid decisions are possible on

the information gained from confidence-testing.

2.7  The question of guessing.

Two things determine a student's score on a test: know]edge}
and sthategy. .Know1edge is defined as the degree of confidence in each
of the given a1£ernatives (Shuford et al., 1965). Conventional choice
scoring systems encourage the strategy (for the individual wishing to
‘maximize his expected score) of not sk1pp1ng an item, and if the testee
~ does not have max1ma1 conf1dence in a single alternative then he shou]d
arbitrarily choose from among those alternatives in which he has equal

confidence. That is, in a test situation wh1ch is scored (0, 1) per
jtem, it is in the best 1nterests of the testee to respond to every item ,
and to guess intelligently on those items for which he is unsure of the '

‘correct response. In the.case where some correction for guessing 1is
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applied, the optimal strategy for the testee is to omit the items about
which he 1s unsure of the correct response, thus avoiding the penalty of
making an fncorrect guess. In sharp_contfast, admissible probability
procedures do not require the testee to make up his mind whether to
guess, or not. His best’strategy is to be completely honest: he should
neither skip an item, nor guess, but declare his lack of information by
‘ass{gning equal confidence-values to each of the given alternatives.
According to any of the admissibTe probability scoring formulas, the
résulting:§core'w111 be approximately 0.5: conversely, a score of about
0.5 represents a state of being uninformed. Thué, item scores should be
interpreted as a meaﬁs of categorizing the state of knowledge of an |
individual about the item content. This® interpretation makes provision
for specialized instruction particularly obvious (Shuford et al., 1966).
Furthef,'gince orie set of test scores may be used for many different
purposes, the extent of guessing will differentially affect the quality
of the decision made. The admissible probability scoring system "flags"
all those itemé about which'the'respOndents have less than complete
knowledge. If the proportion and/or extent of lack of information is
| judged to be unsatisfactorily high, the results of fhe test may be
Agnterpreted in some different fashion, or disregarded altogether. If fhe
‘proportion of gbessed responses per téstee varies considerably, the
- reliability of group results might be questioned (Massengill and Shuford,
. 1966). None of this infcrmafion is made éxp]icit under the conditions

of a conventionally-scored instrument.
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2.8 Summary statement.

Unquestionably, the research on subjective probability has not
been sufficient to make even an approximately final statement about its
tentative usage in an evaluative situation. As educators' thoughts turn
.to a concern for an increasingly individualized educational proceés there
is inevitably a need for more sensitive fnstrumentation to refiect
individual states-of-knowledge. Two strong points follow from current
views about the educational process: one is a tolerance for "telling it
Tike it is" and the other is a greater technical potential for individual
instruction. - Admissible probability testing encourages honest responses
without penalty for lack of information or for misinformation. The
techno]oéica]‘advantages -- at least potentially -- that have accrued in
‘the past decade permit an 1nstructor'to correct for incomplete informa-
tion. A fhird point, derivable from the philosophy of science, that‘can
be advanced in favor of confidence testing, is that all knowledge is not
finife. Any givén‘prob1em.isv1ike1y to have more thah one solution and |
the critical behavior is the abﬁ]ity to make the best decision to resolve
vthe problem, giVeh a set of circumstances. Evaluative procedures that
ref1ect the prObabiTistic nature of problem-solving are more allied to

the realities of decision-making.

Contributions have been made through decision theory by
focussing on the determination of utility and subjective probabi]ity, to
a method of scoring test responses which essentially eliminates concern

for guessing and al]ows'increased payoff from test data.




CHAPTER 3
PROCEDURES
The notions of subjective probability clearly have to be tested

1n_some material context. In this instance it was decided to work

within the framework of the BSCS Blue Version text, which was being

piloted in Manitoba schools with a view to'possib1e adoption. The data
“generated would therefore have utility not only to a study of confidence
testing but also for making evaluative decisions about the biology

curriculum.

To this dua] end, a set of biology items was generated which
covered approximately one third of the content of the Grade 11 Biology
course. The remainder of this chapter is devoted to an exp]icatfon;of
the methodology employed in the creation and administration of these

items -and in the analysis of responses to them.

3.1 Generation of the item pool.

The content objectives of each chaptér of the Blue Version

biology textbook may be inferred from the Teacher's Guide which

- accompanies the text. The values of thé BSCS Committee in regard to
“these objectives are such that each chapter of the text may‘bé taken
: as,having equivalent value to all other chapters. fhe task of writihg
1téms.was therefore essentially one of réf]ecting the content of each

chaptek in appfoximate]y equal proportions.
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Items were written:using the multiple-choice format with five
alternatives per item. The first step in item-writing was to identify
the content of each chapter. A number (about 200) of items was then
written, isomorphic with the chapter content and also reflecting the
general underlying themes proposed by the BSCS group. A number of items
not specifically related to text-content was also written. These latter
items were desiéned to reflect general Qnderstanding of science. Items
were constructed to differ in difficulty, in reading level, in type of
thinking involved (analytic, synthetic, critical, etc.), amount of
information required of the testee to resbond to a given item. - Each item
‘Qas therefore'considered aS‘reduiring essential content-information on
the pért of the testee and was contributing to a wholistic framework.

- It must be stressed that in this study, the biology content was being
used only as a}convenient medium for confidenceétesting, so that issues

conéerning tHe_merit of the biology curriculum are irrelevant.

Undef conventional mu1t1p1e4choice testing conditions, it would
be essential to.ensure.that there was, indeed, one, single "beét“ choice.
In}the'context of confidence-testing; it is no longer appropriate to be
‘concerned with only one "best" response, but io have each alternative at
least partially contriﬁuting to a solution to the stem problem so that
the respondent may expreSs his degree of confidence fn the correctness
of each_of the available choiées.' A1l items in the item-pool were
constructed within the constrainté_of the confidence-testing model,

‘that is, that each alternative was'conétructed to appear plausible.
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Following the usual proécriptions of item-writing (see, for

‘example, Helmstadter, 1964), every effort was made to

i.

ii.

iii.

iv.

vi.
vii.
viii.

iX. .

X1,

word each item-stem and alternative lucidly;
provide only enough qualifications in each stem to
delimit the response basis;

avoid over]apping or inclusive alternatives except
insofar és it was judged necessary for testing for

the understanding of terms;

make each alternative grammatically consistent with

" the stem;

avoid direct quotes or stereotypic technical phraseology;
avoid tﬁe use of specific determiners ("always", "never");
avoid position-cues for the correct alternative;

make each alternative about the same length;

avoid deliberately misleading questions;

place the alternatives in 1ogica1 order where one exists;
make all unkeyed responses plausible to persons who lack

the required information.

With respect to making plausible alternatives, some quéstions,

~ because of their content emphasis, were particularly useful in testing

for partial knowledge, so that a1ternat1ve$ were specifically designed

 with overlap. In addition to a proportion of the a]ternativesvovér-

lapping, it was made clear to testees that some items had more than one

alternative keyed as being correct. By raising such minor ambiguities
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the potential for testing for partial information was maximized. |
Testees were also thereby encouraged to shake the psychological set of
Tlooking for but one correct a]tefnative.' Where some items were used to-
test for an ability to distinguish the correct response from partially
correct and incorrect alternatives, other items werevused to distinguish
one totally 1ncpfrect alternative from among four correct statements.'
These Tatter questions employed "not" and "except" in the stem and on
occasion a double negative resulted in the stem, and the alternatives.
Although the occasional use of double negatiyes undoubtedly increases
the reading difficulty level and is therefore not regarded és good item
writing practise under most circumstances, because of the restrictibns
of prqducing items for confidence-testing, it was sometimes necessary

to employ this device.

3.2 Preliminary va]idation.

The pre]fminary,item pool which was composed of 200 draft items
was subject to careful face-, sampling-, and content-va]idétion in
relation to the’biology‘textbook, and to logical analysis for appropri-
ateness for confidence—testing. _Face—va]idation relied on a subjective
eva]udtion of what the test éppeared’to measure. Although far from
“being a stable basis upon which to.evaluate a test, face validity is

~about -all there is upon which to rely during the initial stages of item
‘ wfiting; Samb]ing validity is also - to an extent -- subjective in
- that it requires matching the items with behaviorally-stated objectiVes

and breakdowns of the trait- or content-area to be measured. In this
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" way the tester is assured that the content domain is reflected in the

appropriate ratios and the desired behaviors are appropriately examined.

Applying these preliminary validity criteria, a set of 56
items was selected. By happensfance this number of items was judged to

be suited to the“time—Timitations of a typical class period.

3.3 Assemb]agé of ijtems.

The 56 selected items were arranged in order of textbook
chapter pkesentation. ‘No attempt was made to prejudge the items in
terms of the%r difficulty as a basis for Ttem—akrangement. A1l 56 of
the items wére retained, not only because this number permits response
within reasonab]e time limits, but a]sdybecause‘the inclusion of a
large number of items would contribute to the reliability of the item

~agglomerate.

3.4  Instructions for administration.

* Two éets of instructions were.generated.
Since this study was an expefimeht concerning confidence
»testing, one set of instructions pértained directly to this end. As in
any strong expefiment, a comparison grbup (UCOntro1") is necassary. In
- this case, test-taking behaviqr was to be controlled for: hence a

second set of directions.

The directions actually given to both the experimental and the

control groups.are provided in the Appendix. -For the group respohding
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‘according to confidence-testing procedures, each testee was provided
with an answer sheet of the familiar IBM type, with five blanks,
1ébe11ed a through e, corresponding to the five alternatives per item.
Testees were told that they had ten points per item which they could
distribute in any‘manner they chose across the five alternatives in
order to indicate numerically their confidence in which of the given
alternatives was/were correct. They were told that if they did not
recognize any particular alternative as correét, they should distribute'
the ten points among the alternatives they could not eliminate. In the
event that they could not eliminate any of the alternatives they were
to indicate their complete lack of information by distributing the ten

points equally among the five alternatives.

The segond set of instructions asked the testees tb decide if‘
the respohse keyed as correct on their answer sheet was indeed correct.
If théy agreed that it Was, they‘were to check the provided column; if
they disagreed, they were to mark the appropriate column on the answer
sheet and provide a correéted response. They were aware that these

items were to be scored conventionally (0,1).

In both cases, testees were told that theirvresponses to the

test would in no way influence their school standings in biology.
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3.5 Experimental design.

Thyes hundred students constituted the experimental sample.

Fovty-three students acted das substantive control; the remainder was

approximately half of the population piToting the Blue Version material,

of which forty students dcted as instructional control.

The experimental group (E) was exposed to a content examination

on the Blue Version materials with instructions to respond to the items
accovding to confidence=testing procedures. These tests were scored by
the réproducible scoring system (q.v.). Controls were provided on four

Tevels. The first control (Cc) required & response from the testees

aceording to the corifiderice~testing approach but these responses were
seored conventionally (0, 1). This control allowed comparison between
fhe total scores, using both the conventional and reproducible scoring

.........

systems. The second control (Ctf) was tested under conventional true-

false instructions on the Blue Version content, ‘and the responses were

scored (0,1). This eontrol provided a comparison. of scoring method
based on different instructions. It should be noted that the Togical

eoiiplament 6f this control (true-false instructions - reproducible

§é@ffﬁg§ is not enmpirically realizable. The third control (Cy) was a

greup taking bioTogy but not the specific Blue Version content. A fourth

control (Cp) was niade up of students who had taken no biology. Both of
these atter groups were required to respond probabilistically and were-
secred according to the FéproducibTe system. These Qroups provided data

by ieans 6f which substantive discriminations could be established.
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3.6  Scoring procedures.’

Tests were scored by one of two procedures: conventional (0,1)

scoring and reproducible scoring (RSS).

The conventiqna] scoring procedure allocated an item score of
1 for an item—response that coincided with the keyed answer, 0 for any
other response;"No correction for guessing was applied. Total score
was obtained on the 56 1tems by summing the individual item scores. |

Under the instructions whereby a testee was required to d1str1bute the

conventiona]iy,by‘a110cating one point to those responses in which the
maximum'pbiht-a11ocation corresponded with the keyed answer. This is a
rational system, since it might well bé presumed that if he were permitted
only one respoﬁse, that response would have been given by'the testee to -
that alternative in which he had most confidence. If more than one a]tef-
native was keyed aS correct, a full mark was given where each keyed.a1tef—
nativeywas dehonstrated to Have had equal appeal to the respondent. A |

weighted average was calculated for other point distributions. Once again,

a total score was found by summing over the 56 items.

Thevreproducib1e scofing system (RSS) involves the computation
of item scores by means of bne of a number of formulas. The formula first
chosen was that der1ved by de Finetti (1965):
+0.5(7 +JEr )

S

"h
item score

[}

where” S

rh = number of points assigned by the testee
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to the response keyed as correct
Z}rjz = sum of the squared points assigned by

the testee to each alternative.

Since there were ten points to be distributed per item, each
point-distribution was multiplied by 0.1 to ensure that the maximum

item-score was. unity.

The formula fina11y chosen for arriving at item scores was |
the Shuford- Masseng111 (1966) spherical reproducing formu]a (S- RSS)
= rp/(2r; 2)0.5
where F is the item score and the other symbols retain the same meaning

as those 1in the de Finetti formula above. The choice of the S-RSS was

determined by certain anoma11es that result from the de Finetti formula.

One typical problem is that the score allocated to a person who assigns

zero,po1nts_to the keyed response and who assigns the ten points across -

more than one of the incorrect alternatives, is positive using the de

Finetti formula, owing to the summative nature of the residuals (rj's).

For the S-RSS,lthis prob]em does not arise, since F = 0 whenever h is

set equal to zero. Examples of item scores from both formulations and
thé calculations peftaining thereto are given on the next page (Display
’ T) A complete table of all possible item scores according to all
d1str1but1ons of ten points, ca]cu]ated on the basis of the S-RSS, is

prov1ded in the Append1x
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DISPLAY 1: CALCULATION OF ITEM~SCORES

Alternatives Well=- Moderately Uninformed Misinformed Misinformed
informed informed
r, r.2 Y. r.2 T, r.2 r, 'r.2 T, r.2
3 ] J J 3] J J ] J
a 0 0 0 .0 .20 .04 [.50 .25 | O 0
*b' {10 1.0 |50 .25 |20 4]0 o |0 o
c . 0 0 0 0 .20 .04' 0 B 1.0 1.0
d '0 0 0. 0 .20 .04 | .50 .25 0 0.
é 0 0 50 .25 | .20 .04 0 0 d 0
Sum of 1, 1.0 .50 .20 .50 1.0
F 1.0 .71 .45 0 0
S 1.0 .75 .60 .25 0
Key:
X = keyed'algernative
f = item-scbre caiculated,by R=~SSS
s = iteﬁ-score calcuiated by de Finetti formula
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A number of options was open in the case where more than one
alternative was keyed as being correct. For sure, a student was given

full credit for recognizing the multiplicity of response and answering

accordingly. Where his responses suggested that the testee did not
recognize that several alternatives were desirable responses, the
voptions were to provide bonus points or to average the score that
resulted from the particular distribution_bf points to the keyed

alternatives. To maintain a uniform total-score ceiling it was judged

more reasonable, in context, tovadopt the averaging procedures. For
example, if two alternatives were keyed as correct for a given item the
expected response would have been an allocation of five of the ten points
to both of the keyed alternatives. This would have gained the full mark.
If, however, the testee had placed all ten points on just one'of’the

| keyed}é]ternatives, his score would have been 0.5, or the average of
placing ten points and zero pofnts on the’keyed a]ternatives. “Other

‘distributions would have resulted in intermediate item-score values.

3.7 Affective impact on testees.

Teachers of each of the experimental groups were provided with

copies of the students' scores which they were asked to communicate to
their classes. Testees, in possession of their scores, were then asked

~to reply to a series of questions which were designed to assess their

~ beliefs about the efficacy of the confidence-testing method. A copy of

this questionnaire is provided in the Appendix.
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3.8 Analysis of results.

The item responses from the experimental and control groups
were subjected to the appropriate scoring procedure and these scores
were then analyzed to yield a variety of information including score
“distribution paraheters, indices of reliability and validity, difficulty
and discriminability. The various procedures are outlined in what _

follows.

3.8.1 Score-distribution parameters. Total score distrib-

ution parameters (means and variances) were estimated in the usual way
for the experimental and each of the control groups. Since each of the
distributions showed symmetry, t-tests of significance of differences
between means were performed. Specifically, comparisons were made

between E and Cc; E and Ctf; Cc-and Ctf; E and Cy; E and Cp.

3.8.2 Reliability (homogeneity). ‘Re]iabi]ity'is an index -

reflecting the proportion of error-variance in total variance among a
set of test scores. -It is commonly expressed in the general form of a
correlation coefficient and is therefore constrained to a maximum value

of +1.

One source of error variance on a test results from inconsist-
ency of performance of testees on test items. One approach to testing .

is to afrange items in order of difficuity so that at the point where a:'
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‘testee cannot respond to items, one may assume that he has reached the
~ limit of his capacity. If this break in response-pattern were to occur

at different points for different individuals, the test would be said to
be perfectly reTiab1e (homogeneous). Less than perfect reliability (a
coefficient less than +1) would indicate that a test is not a pure
measure of a trait. Low homogeneity coefficients are sometimes

ckiticized as a form of unke]iabi1ityvsince they result from tests
measuring a number of traits simu]taneous1y. In a number of circumstanceé
such criticism is justified; yet if the purpose of testing is to obtain
predictively valid measures, there is both theoretical and empirical basis

for having a proportion of heterogeneity in the test.

In this study, the coefficient-alpha modification of the
Kuder-Richardsdn 20 homogeneity formula was used to accommodate the
‘continuous distribution on each item score that results from use of the

RSS. " The toefficient was calculated on the basis of the formula

- 2 _ <
Oy = MOy - 2.pa)

(N - 1)0,°
where N - number of items on the test
(f%z = varﬁance of the total observed scores
p = proportion of people with item i correct
q = 1-p |
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3.8.3 Reliability (equivalence). In order to eliminate

éonceptua1 problems of equating error variance with total variance in
test scores, it has become customary to devise and administer parallel
‘forms of a test. An approximation to creating paralliel forms is to
divide the items of an administered test into two equivalent parts and
to correlate the scores on each part, thus arriving at a measure of
equivalence. The reliability of the test as a whole can be estimated
‘from this coefficient by subsequent abp]ication of the Spearman-Brown

prophecy formula.

A problem remains in equating the tWo portions of the test.
At least three practical solutions have been advanced. One such method
l'is to divide the test by placing odd-numbered items in one groupfng and
* even-numbered items in another. A second alternative, and one that |
Agives’a Tower-bound estimate of reliability, is to take a random split
of items. A third and more rigorous a]ternativé is to match items on.

the basis of difficulty, discriminability and content. The coefficient

resulting fkom this matching gives an upper-bound estimate of reliability.

In this instance, items were matched according to difficulty, this
being the only ava11ab1e criterion since items had been de]iberate1y
constructed to differ on the other criteria. Bofh upper and Tower bound

estimates of reliability were calculated.
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3.8.4 Test-criterion correlation ("validity"). The question

of establishing a criterion was essentially one of arbitrary choice.
The point was that confidence-testing provides a different quality of
information from any other source so that it was a priori unlikely to
provide any impressively high validity coefficient with available
measures. Therefore, it was simply a matter of choosing some set of
data that would give a'comparison. It so happened that students in the
experimentél and control groups had recently completed their school
term-examinations. As mere]yla gross measure of some kind of relation
with an external set of data the test scores were correlated (produci
moment correlation, r) with the examination results. Three correlation
coefficients were obtained: correlation between school examinafion
'.scores.and test responses scored according to RSS; school examination
scores and the same test responses scored conventionally; and between

conventional and RSS scores.

- 3.8.5 Item-test intercorrelation. Under circumstances in

which én item-response is scored either zero of one, the most appropriate
correlation coefficiént is the point biserial coefficient, whicﬁ is an
}apprbximation_to product—momeht»correTatioﬁ (r) when adjustment has béen
made for the dichotomy. A technical édvantage to confidence-testing ié
;'that.the items yield a score-continuum. ‘Theréfore, no approximation to
r is required. As a measure of 1tem-tést homogeneity (reliability),

_the product-moment coefficient was calculated for each of the 56 items.
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The standard error of the mean (SEm) was calculated for each
~item, where |
| ” SE = W1 - v, )0
‘ m XX
'and where ey is the reliability and pg the item variance. This index

helps in the interpretation of reliability.

3.8.6 Item-criterion 1ntercorre1at1onf A frequently

éaicu]ated validity index is the correlation of an item score with a
criterion score. This kind of analysis indicates the extent to which
any’gfven itemlis contributing to the predfctive utility of the test as
a whole. In the present circumstances, the problem of findingva suitable
criterion was even more potentially spurious than in the case of estab-
1ishing.tota1-test validity. What would have to be available to provide
the desifed vaiidity—assessment of cdnfidence—testing would be a set of
vﬁeasures derived from a similarly-constructed and similariy-intentioned
instrument. Such criterion measures are just ndt avai1ab1eband current
opinion is that the computation of validity-coefficients for confidence
testing 1tems~fn the absence of such a criterion is essentially a waste

of time. These several considerations resulted in the judgment that it

“was better not to attempt any estimation of item-validity rather than to‘

create a set of uninterpretable coefficients.
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3.8.7 Item difficulty. Item difficulty is most simply

represented as the proportion of people getting an item correct. Where
confidence estimates are involved, an item was judged "correct" whenever
the confidence of the teétee in the keyed alternative exceeded .50. If
two alternatives were keyed as correét, an average confidence in excess

6f .50 was used to place the item in the "correct" category.

' 3.8.8 Item discriminability. Discrimination indices provide

information as to which items distinguish between those students Whose
performance on the test places them in the upper 27 per cent of the total
score distribution from those whose scores fall in the Tower 27 pér cent.
Although there is a number of wéys in which item discriminability may be
represented, a common practice is to‘desfgﬁate an item as discriminatory
-if the difference in the proportion of testees in the upper- and Tower
27 per cent exceeds_ten'per cent, when the number passing a giVen item

is compared.

The tests from the experimental and the control grdups Were
scored according to the appkopriaté procedures. Tests from the
experimental group were rank-ordered according to their RSS score and.
the upper and lower 27 per cent identified. The proportion from each
grOUp paésing each of the'56 items was found and the discriminability

" thereby determined.

The purpose of such an analysis is to determine those items

whichldo not contribute to a rank-ordering of testees.
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3.8.9 Item characteristic curves. It is sometimes difficult

to correlate the meaning or import of item difficulty and discriminability
when these indices are presented separatély. Item discriminability is,

in part, a function of item difficulty. A very difficult item (one which

few can answer) is contributing almost nothing to discriminability of a
test; simiTar1y'an jtem which is very easy is contributing little. The

maximum potential discriminability occurs with an item-difficulty of .5.

| >Item characteristic curves, which are plots of the total test
scores (horizonta1 axis) against the cumulative proportion of téstees
passing a given item, provide a visual aid to interpreting the combined
information about difficulty and discriminébi]ity. An item character-
istic curve is sigmoid in form, although becau-e of marginal restraints
degenerate curves may result. A curve with a relatively steep slope
will indicate a discriminating item; the projection of the point of

inflection on the x-axis will indicate the item difficulty.

A number of representative item characteristic curves was

 plotted.

The next chapter contains the results of these analyses.




CHAPTER 4

PRESENTATION AND INTERPRETATION OF RESULTS

The preceding chapter outlined the various methods that were
to be applied to the data. The results of the several ana1yses are
presented in the sections that follow. In order to provide maximum'

“information from the results, necessary commentary and discussioﬁ is

.provided.

4.1 Test parameters and their interpretation.

4.1.1 Test parameters. The results of calculating the mean,

varfanqe and standard deviation of test scores are provided in Table 1.
The resu]fs of testing for the significance of differences between means -
(t-test) of the experimental and the four control groups are also.given;
S0 are-the results of testing for the significance of differences between

- variances (F-test).

The interpretability of these results depends upon thefr ]eve1»
'offsignificance of difference. The mean $core obtained by use of S-RSS
is significantly greater at the 1 per cent level than the mean score
‘obtained from thé use of the conventional (0,1) scoring system. One may
infer from this that conventionally scored tests are not permitting the
acknowledgement of partial knowledge which -- in the case of this student

population, at 1éast -- was sufficient to produce a significant difference.
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Ks with any such result, one needs to make a distinction between its
statistical and its practiéa1 significance. The obtained difference,
though statistically highly signfffcanﬁ;_hay'have less practical fmport
than this difference impTies. The actual magnftﬁde of difference was
only 3.64 Scoreapoints.é6f30‘perCént, if the scores were converted to
percentages ). A-ﬁuestfon‘WOuld have to rafsed as to whether the extra
effort involved in administering and scoring the fest under confidence
testing conditions was sufficientrto*fncrease the utility of the test.
s & matter of fact, & quite markedly different rank-ordering of students
fééuTts from having administered the confidence-testing procedure (g.v.).
Thus s & decf§ion would have to be-made:not 0nTy in terms of utility, but
also in terms of the extent to which it was important to make decisions
upern the additﬁdnai information confidence-testing yields. Certainly,
the gain in diagnostic information was apparent: this could be suffic-
jent Just1f1cat1on in itself for the additional effort required during
the test1ng phase Again: one would have to evaluate the test strategy
on the ba515 of the purpose for wh1ch the results were intended. The
evidence indicates that a significant gain does accrue if the effort is.

warranted in reTat1on to the 1mportance of - the decisions to be made.

The other differences which resulted in significant differences
between means arose from comparisons between the experimental- and the
control group Cp; and between tests' mean scores when different instruc-

 tions were given. The first of these differences may be interpreted as

. a clear indication that the test was indeed measuring a state of
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TEST PARAMETERS: SIGNIFICANGES OF DIFFERENCES
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Treatment conditions Mean Variance

Standard
deviation

Experimental: confidence instructions

- S-RSS scoring E - 28.85 19'03,
Control: confidence instructions )
o . . - GCe 25.21 21.10 -
conventional scoring -
Control: conventional instructions
. . Ctf 28.40 . 28.21
conventional scoring - ' ‘
Control: confidence instructioné : ' :
S-RSS scoring Sy 28.70 14.12
Control: confidence instructiqns
: Cp 19.52 12,67

S-RSS scoring

Significances of differences between means ( t-test ):

Comparison: E ~ Cc : 3.63%% df = 78
E - Ctf .41 df =95
Ge- Ctf 3.16%%  df = 95
E - Cy | .20 df = 58
E - Gp 9.21%%  df = 61

Significances of differences between variances ( Fotest ):

A ComparisonsAwere made between each of the above
’vériance-pairs. None was significant at the 5%
level~of-significance. ( F-max. = 1.482, df 57/40).
* significant at 5% level

%k significant at 1% level

4.36

4.58

5.33

3.76

- 3.56
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bﬁﬁdﬁdgfcaf Knowledge, since the Cp control was comprised of students

without any previous formal instruction in biology.

The vemaining significant difference resulted from a comparison
Between test mean-scores when thé tests were administered under true-

false 1nstruct1dns-and under confidence-testing instructions. The
euteome fmpTies that testees found it easier to respond in the
cdnvent1ona1 mode than to respond by indicating their confidence in the
fcﬁvkéﬁﬁné5§ of each alternative provided. This general observation was
confirméd‘by'CGﬁsfdering the item difficulties (q.v. and Figure 1) and
5y’af?éctiVéféé§ponses from the testees (section 4.4). In Figure 1, the
ﬁégatfveiskewfof"the item-score distribution under confidence-testing
snstructions Ties in sharp contrast to the relative symmetry of the

' ﬁﬁemh§coré-d¥§ﬁwfbution under conventional instructions.

Aa§@méwhat different interpretation of the same outcome resides
in ﬁﬁé‘p§ychd$dgicd1 phenomenon known as “response set."” "Response set"
(Cronbach 1946) is defined as "any tendency caus1ng a person to give
different respenses to test 1tems than he would when the same content
is presented im different form". The best-known of response sets that
have beern idewtified are those representing tendencies to acquiesce and
to disdgree, regardless; to guess; and to take extreme positions. ‘The
fisan differences obtained under different instructions may well be an

\ﬁm§ﬁamc@ of test~taking rigidity in the way responses’are to be made.

The fact that the mean differehce E-Cy was not different
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beyond a chance Tevel means that student performance was independent
of a particular approach to biology. (It will be recalled that the E

group was taking the Blue Version course; the Cy group was taking the

Yellow Version course). The inference was that the items as a whole

were measuring general biological principles.

4.1.2 Sex differences. 1In.the 1961-62 BSCS program
evaluations, a number of variables Was found to be related to differentf
ial student performance‘(Grobman, 1968, p.44). Among the variables that
the\BSCS evaluators found to be important was the performance difference
between boys and girls. There is sufficient data documenting boy-girl
differences in performance on a variety of achfevément and aptitude
measures to warrant attention to this factor. For this reason it was
"deemedlusefu] to make relevant comparisons between mean performances of

boys and of girls. These comparisons are Summarized in Table 2 (over).

“No significant differences were found‘between mean scores in
any of the comparisons made. In examining the variance in performances,
however, a number of differences were'brought}to Tight. Fof boys, there
was not a signif{cant difference in variance under the "different scdring
conditions: for girls, the variances differed significantly at the Five
per cent level. The S-RSS procedure did not result in a significant
: difference being obtained»when the boys‘ and the girls' variances were
compared, but the conventional proceduke reéu]ted in a difference that

was significant at the one per cent 1eve1.
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TABLE 2

TEST PARAMETERS: SIGNIFICANCES OF DIFFERENGES

.50

BETWEEN BOYS AND GIRLS (CONFIDENCE INSTRUGTIONS)
Treatment conditions Mean Variance Sta?da?d
. : deviation
Boys: S-RSS scoring : BS | 27.22 659 25.6
" Girls: S=-RSS scoring Gg ' 28.33 576 24,0
Boys:  Comventional scoring B, 22,02 481 21.9
"Girls: Conventional scoring GC 23.13 1149 33.9

Significance of differences between means ( t-test ):

Comparison: ' BS - BC T .706 df =
. BS - GS .‘: 0422
ABC - GC‘ k3 » .398

Significance of differences between variances ( F-test ):

Cdm?arisong S BS.-iBCJ. : | 1.371 i:df =
| 6y -G, 1.994%  df =

Bg - Gg L.l4h o df =

B, - Gd‘ s | 2.389** df =

* significant at 5% level
*% significant at 1% level

50

(ns) -

-(NS)

21/21
29/29
21/29

21/29

(ns)

(NS) N

(¥8)

(Ns)
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These findings have several implications. For girls, the
greater variance in performance‘when tests were administered according
to confidence-testing 1nstructions but were scored conventionally
means that'these students were, indeed, following instructions as to
how to distribute their points. The large variance meant that points
were being allocated to all alternatives, and this, in turn, implies a
Tack of informatien. The girls were, in other Wbrds, accurately

reflecting their states-of-knowledge.

‘ The'obteined significance of difference in variance when‘the
performance‘of‘boys and of girls was compared implied that the boys
were performing more homogeneousTy than the girls were, and were
probably not accurately reflecting their states-of-knOWTedge. The
variance obtained under conventional scoring procedures was found to
be sfgnificaht at the one per cent level. This highly significant
difference Was coritrasted. to aAnonsignificant difference in performance
Variahce under confidence—testihg scoring procedures. Therefore, if a |
“¢hoice of scoring were to be made, the choice would inevitably have to fall
to S-RSS scoring procedures because these latter do not artificially

introduce a sex differential.

4.2 ~ Reliability.
The obtained upper- and Tower-bound estimates of reliability
were .58 and .55 respectively (Disp1ay 2).‘ Test homogeneity was

~calculated as .50. Each of these coefficients is not high in the
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generally-accepted sense of test reliability but is comparable to that
found elsewhere under similar conditions (Hambleton, et al., 1970). The
reliability of the scores under‘conventibna1 scoring procedures was

even less: .44. The gain of reliability in the confidence-testing
procedures may be the result of a specific attempt to design a test that

is appropriate to.the method.

The teétvhomogeneity indicates the degree to which the test as
a whole is a measure of a certain trait as against being a measufe of
intraindividual differences. The obtained alpha-value suggests that
there was some inconsistency in student performance on the items. Also,
since it 1s a 1ogica1 necessity in test construction that the test
content be as heterogeneous as the subject—métter being tested, thé
calculated value of .50 may be ref]ecting'the heterogeneity of the test
content. A test of the general subject-matter area "Bio]ogy“ could
not be expeéted to be as homogeneous as tests of, say, vocabulary,

- chemical symbo]s, addition of integers and the Tike.

 _0f théoréticai necesSity; furthermore, is the fact that the
‘smaller the variance in thé experimental group, the smaller the
ca1cu1ated test-homogeneity.' One might not -- in other words --
-anticipate high homogeneity-indices from tests administered to homogen-
‘eous grdups of students. The classes in the experiment were, as it
turned out, ré1at1ve1y homogeneous in ability and this external fact

probably influenced the magnitude of the coefficient.-




DISPLAY 2

TEST RELIABILITY AND VALIDITY

Reliability (Equivalence)

A random split of the test into two parallel halves

resulted in the lower-bound estimate of reliability.

Correctedvr‘= .55 -

A matched (difficulty) split of the test into halves

resulted . in the upper~bound estimate of reliability.

'Corrected r = ,58

Homogeneity

.53

Homogeneity was calculated by the alpha-20 coefficient.

Validity
‘Scores on school biology examinations were arbitrarily
selected as a criterion for estimation of empirical
validity. Three coefficients of correlation were
calculated, where, x = criterion score; y = S-RSS

score; 2z = conventional score, confidence instructions.

T = 041
xy | | |
r = l72 . o
Xz i
r = .68

yz-

5




54

4,3 Validity.

Sometimes -- and fairly -- a criticism is made of test
constructors who fail to report validity because of a lack of suitable

criteria. The claim is made that constructors are simply avoiding

what is probably the most rigorous of tests. In order to circumvent
such criticism, the arbitrary standard of school examination results
'was used here as criterion. The validity coefficients that resulted

(see Display 2) ranged from .4 to .7. These outcomes are not surprising.

They may best be 1ntefpreted as indicating that the rank—ordering of
testees would change considerably if a change were made from conventional
to confidence-testing procedures. This result confirms previous

findings (Shuford et al., 1966).

Concurrent vé]idity coeffiéients such as these, generally are
“Tow estimates of true validity. Furthermore, the diagnosfic goal that
is subscribed to by confidenée tesfing does not require validity beyond
the immediate situatidn in order for the test to be most useful in a
' diaghostic sense. The diagnostic utility of such a method for fdrmative|

| decisiohs does not require high predictive or construct validities.

_ 4;4‘ ‘Affective response to confidence testing.

Responses to the questionnaire distributed for the pUrpose of

Zéssessing affective reaction to confidence-testing may be considered a
form of cross-validation. The latter is a process of gathering new

information on test-effectiveness subsequent to'the utilization of test
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scores. Failure to obtain such data may lead to exaggerated claims of

fiest-effectiveness.

fﬁ?réspOnse to questions about Tength of the test, 40 per cent

of the testees considered that the instrument was too long; 50 per cent
that it was about right. Sixty-five per cent found that five alternatives
pey item was too manys 33 per cent that the number was about right; and

thrée per gent would have preferred more alternatives.

The reading-level of thejitems was judged to be about right by-
67 ﬁéﬁ‘ééﬁi-of‘the reSpondeﬁts, while 33 per cent found it difficult. The
group was about evenly split in their opinion~of the amount of memory
requireds 48 per cent believed a Tot of memory-work was needed; 52 per

cent veplied that the amount of memorization required was normal.

€onfirming the objective data, 68 per cent of the testees
jfidicated that they could not have reasoned the answers on the basis_of |
géﬁeraT knowledge == that they did,_indeed, need specific biological

kinowledge. The remairider believed that they could have guéssed at more

‘thai & few of the items without biological "expertise”.

Eighty per cent of the testees found that distributing ten
peints was a difficult task in comparison to marking just one alternative

eorrect; five per cent found it easier and the remainder found that

thevre was no difference in the difficu]ty of responding to items. Eighty
- Riné péreent ¢1aiméd that they guessed more often under confidence

_testing conditions; to the remainder, the instructions made no difference.
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0f course; what would be Tabelled as "guessing" by a student would be
calied "state=of-knowledge" by a teacher using confidence-testing

fiéthads.

Thé rext FéSpOﬁSé waslunanticipated. In reply to a question,
"Does df§tf?bUﬁing ten points indicate just how much you know....",
40 per cent indicated that the point-distribution method showed they
- knew less; 36 pér'cént that it made no difference; and 24 per cent thaf
- it showed they kiew moré: This finding implies that students pérhéps
did riot understand the underlying purposes of confidence-tesfing as
mueh as had'beén thought. In'sum, 82 per cent of the testees expressed
a ﬁreferen¢é'fow fiarking one alternative correct, only; six per cent
preferred eonfidence-testing and the rémaining 12 per cent were
indifféreit as'fo method.‘

Th. verwhe?mxng majority == 92 per cent -- be11eved that the

pessibie muitiplicity of response made the items more difficult. Fifty.

four per eent indicated that théy realized that an equal distribution of

two points péf‘éitéfnaiiVé résulted in a higher score than guessing
biindly and putting all teén points on ene (wrong) alternative; 46 per
cent clainied that they did not realize this, again suggesting that the
testess did not understand that responding honest1y to each item would

faximize théir §Eores.

Thése affective vesponses confirmed the numer1ca1 findings in

all Thstances and in addition cast some 11ght onto poss1b1e obscurity
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that might exist in regard to the confidence-testing procedure as a
whole:- In turn,:these misunderstandings may have contributed to a
lowering of the obtained reliability and validity coefficients.

4.5  Ttefi analysis.

Results from carrying out the various item analyses are

provided in Tables 3 and 4 and in Figure 2.

"4.5.1 Item difficulty. Item difficu]ties (p) and the item

difficulty index (Q); item means (p) and variances {pq); and that
prdpd?tiOn of testees passing the item in the upper and Tower 27 per

¢t of respondents are each presented in Table 3.

On- the who]e; the items may be considered as.difficu1£: for 46
6 the 56 items, fewer than half the.respondents got the item correct.
If oné regards the item-set as constituting a test the range of item
d{ff%CUTty was from p = .02 to p = .86, thereby probably lowering the
total test reliability. A priori reliability is maximized for a test

‘made up 6f items each of which has a p = _50. The obtained range is

Gofisidérable by any standards.

ﬁé?gfence baék to Figure 1 draws attention to the ke]ative
difficuity of items that were responded to under confidence-testing
fnstructions as comﬁared with conventional true-false instructions.
Th& difference in the symmetry suggesfs that the testees apparently

~ féurid the more complex insthuctioﬁs increased overall item-difficulty.




TABLE 3

ITEM CHARACTERISTICS
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T H R Q%

Pq

indicates a discriminating item ( U - L greater than 10% )

number passing item of upper 27% total test scores
number passing item of lower 27% total test scores
number passing item of middle 46% total test scores
total number passing item ( U + L + M ) k
pfoportion passing item (decimal omitted)

item variance (decimal omitted)

difficulty index, percent not passing item

Item U L M T p pg Q Item U L M T p pq Q
* 33 18 33 84 42 244 58 29% 19 04 12 35 17 141 83
2 18 19 27 64 32 219 68 30 09 03 09 21 10 090 90
3% 49 36 60 145 72 202 28 .31%* 25 10 45 80 40 240 60
&% 37 23 62 122 61 234 39 32% 17 04 15 36 18 148 82
5% 24 15 42 81l 40 240 60 33*% 13 04 16 33 17 141 83
6 09 07 20 36 18 148 82 34*% 35 21 51 107 53 250 47
7% 21 03 09 33 16 134 84 . 35% 26 17 33 76 38 236 62
8% 28 18 46 92 46 248 54  36% 41 34 65 140 70 210 30
9% 31 18 42 91 45 248 55 37% 13 14 27 54 27 197 73
10 17 05 12 34 17 141 83 38 07 06 13 26 13 113 87
11* 30 20 42 92 46 248 54 39% 42 25 64 131 65 228 35
12% 46 37 68 151 75 188 25 40% 49 37 75.161 80 160 20
13% 47 36 75158 79 166 21 41* 32 16 42 90 45 248 55
14% 21 10 28 59 29 206 71 42% 23 15 37 75 37 233 63
- 15% 23 08 20 51 25 188 75 43% 24 11 26 61 30 210 70
16- 37 32 80 149 75 188 25 44% 22 05 28 55 27 197 73
17% 36 12 32 80 40 240 60 45 23 11 24 58 29 206 71
18* 13- 04 20 37 18 148 82 46% 09 00 08 17 08 074 92
194 35 09 33 77 38 236 62 47 02 00 06 08 04 038 96
20 02 03 03 08 04 038 96 48 05 00 01 06 03 029 97
21% 53 41 79 173 86 120 14  49% 27 09 38 74 37 233 63
22 29 29 45103 51 250 49 50% 07 00 09 16 08 074 92
23 .01 01 02 04 02 020 98 51% 17 08 18 43 21 166 79
24%* 11 03 16 30 15 128 85 52%¢ 19 05 19 43 21 166 79
25% - 26 09 19 54 27 197 73 53% 06 00 06 12 06 056 94
26% 22 09 21 52 26 192 74 54% 17 12 22 51 25 188 75
27% 13 06 18 37 18 148 82 55 06 04 06 16 08 074 92
28% 23 09 29 61 30 210 70 56% 19 13 33 65 32 218 68

_ Explanation of symbols:
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FIGURE 2 |TEM CHARACTERISTIC CURVES
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4,5.2 Item discriminability. Item discriminability may also

be inferred from Table 3. Those items marked with a star (*) are

discriminating in the sense that different proportions of testees in the

upper- and the lower 27 per cent got the item correct. The conventional

difference of ten per cent was adopted in determining discriminability.

Although the items were difficult, only ten of them provéd to
-be nondiscriminating. --Lack of discriminability may be construed as a

critfcism of an item only if the item-content is judged not to be

important enough for inclusion in a test on content-validity grounds.

4.5.3 Item-characteristic curves. Four item-characteristic

curves are provided in Figure 2. These items were chosen becéusg they
respectively represented the Togical combinations of difficulty and
discriminability. General differences in the shapes of the curves are

apparent.

4.4.4 Ttem-test intercorrelations. Item-test 1ntercorre1ation

and item standard error of measurement is provided for each of the 56

items (Table 4). A small standard error of measurement is interpreted as
indicating good measurement, wnereas a large standard error may be

interpreted as either that the items are poor or that the group of

testees is of less than high-abi]ity._'31nce the test is known to be
- difficult, yet the standard error of measurement is large, and from

‘external evidence from the schools of the testees, one must conclude
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Item iy SEM :
1. - 17 .53
2. .62 .29

- 3. .13 42
4, .30 W41
5. .52 .34

-6. "'.10 040
7. .40 .28
8. .32 L4l
9.% .18 .45

10.% .38 .30

11. .40 .39

12. .60 .27

13- "005 ;42

14, .28 .39

15, .29 .37

16. .06 .42

17.% w31 41

18. .16 .35

19,% 33 .40

20. .23 .17

21, .18 .31

220 . "151 061

23 .% .69 .08

24,% .10 34

25. .39 .35

26. 44 .337

270 --19 o42

28. . 56 .30

Item

ITEM-TEST INTERCORRELATIONS AND

STANDARD ERRORS OF MEASUREMENT

r SEM
29, .33 .31
30.% =.13 .32
31. .08 47
32. -.28 A
33. -.16 41
34, A .37
35.% .23 .43
36. .38 .36
37. A1 42
38, .11 .32
39, A .37
40, .21 .36
41, .23 Al
42. -.02 .49
43, .26 .39
44,% .13 L4l
45, .31 .38
46 .% .24 .24
47.% .29 .17
48.% 45 .13
49. .11 46
50,% =.16 .29
51, .39 .32
52. .32 .39
53.%  =.29 .27
54, .06 42
55.% .32 .22
56, ~.33

* Indicates an item keyed with two

correct altermnatives.
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that the error effect is due largely to a lack of ability in the
testees. The more general point is that one cannot. conclude that
confidence testing procedures are invalid simply because standard

errors of measurement are large.

It waS<Qf further interest to note fhat those itehs that “
had more than bhé a1ternative keyed as correct did not prove to be
cqnsistent]y different in item-test intercorrelation. The belief -
of the Students that these items were more difficu]t was also not -

verified.

These.results Tead to a number of conclusion; to the
identification of a number of areas in which further research is
needed and to some general evaluative comments about confidence
testing. Some of these summary stétements are ventured in the

final chapter.
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CHAPTER 5
SUMMARY, CONCLUSIONS:AND RECOMMENDATIONS

5.1  Summary.

With the use of standardizedrénd teacher-made tests having
“become established practice in today's schools, it was a purpose of.this
study to investigate a method of extractingkfrom objective tests more |
information cdncerning a student's state of knowledge than is possible

from a conventional testing program.

Multiple-choice tests scored conventionally (0, 1) serve to
separate the informed testee from the misinformed, but do not allow for
the identification of partially informed and uninformed testees. Further,
the test-wise student will realize that his best test-taking strategy,
under the convent1ona1 scoring system, is to guess if he is unsure of an.
answer, so that with luck he may be c1ass1f1ed as -- and indistinguishable
from -~ the truly informed testee. Moreover, conventional test1ng methods
‘by}requiringfa student to.place all his confidence in one, and only one,
alternative, are contributing to a disparity between philosophy and

practice by implying that every probiem has a single, immutable, correct

answer.

The very process of testing is justified only insofar as it
contributes an ‘increased utility over base- rate decisions. In terms of

current preoccupat1on of society with arranging people in h1erarch1ca1
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orders for some specific purpose, it is of paramount importance to
realize that not all testing procedures are convergent in their rank-

ordering of individuals. Any given sequencing of ability and aptitude

can be considered -- at least in part -- a function of the choice of
test instrument and scering procedure. vIt has become critical for
society that, inothe face of a widening technology and increasingly
~flexible value-systems, fine discriminations can be made in the human

resource pool. Whereas only a short time ago it was sufficient for

individuals to acquire relatively general skills and concepts or ideas
in order to be able to function, today not only must people have these
general skist to withstand the threat of obsolescence but also society
demands the identification of spec1a1'ta1ent in order that individual

skills will contribute maximally to the common weal. Therefore, the

onus is upon the psychometrician to devise testing strategies that will
permit those discriminations to be made that will capitalize upon the

exact state of knowledge of every individual.

During the past decade, workable techniques for the extraction

of maximum information from test items has been proposed by a number of

bauthors These techniques operate on the poss1b111ty of responding to
more than one a]ternattve of a multiple-choice item by ranking the

a1ternat1ves or by ass1gn1ng a number reflecting degree of- conf1dence

in the correctness of each a]ternat1ve Such systems as the latter
1nc1ude the adm1ss1b1e category system, which 1nv01ves more than one

” response category per alternative; the conf1dence-we1ght1ng system the
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differential-weighting response-alternatives method; and admissible
probability measurement procedures. These various techniques are
referred to collectively as “confidence testing" procedures and

stipulate methods for finding the subjective probability of respondents.

Historically, the concept of "degree-of-belief" wés identified
‘early in the efghteenth,century. Another concept, concerning the worth
of outcomes ("utility") arose from concerns in eéonomics. The conjoining
of utility theory and what is now known as subjective-probability theory
into the more generaT decision theory, permits the description of all
behavior in which there is mathematical, if not moral, consistency.
Decisjon theory has recently been used to formulate the quaiity of
institutional decisions made on the basis of test infofmation. Static,
risky, decision-making situations (such as testing is) rely upon

a' subjective estimates of both utility and probability.

Although it has been suggested that confidence-testing
procedures could greatly increase the amount df information available
from a test, experimental attempts to measure confidence have generally
failed, owing inllargevpart to the inadequate structure of the scoring
system. Decision theoky has been used to develop procedﬁres for
measuring an individual's confidence; or subjective probability. Several
scoring systems have been proposed, each system having the property
~that an;indivfdua1 could maximizerhis expected uti]ify (score) if, and
'on1y if, he honestly expresses his subjective probability (confidence)‘

about the correctness of each alternative.
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Claims have been made that responses under:confidence-testing
instructions are more valid and more reliable than under conventional
test-taking instructions. Confidence-testing scores result in a diff-
erent ranking of individuals from the ranking obtained from conventional
séoring.and also provide a higher total score since credit is given for

~part know]edge. On these grounds it has been argued that conventional
testing underestimates the achievement of many individuals and thus
confributes to incorrect decisions. Further; since confidence scoring
places item-scores on a continuum instead of a 0-1 dichotomy, there is
the possibi]ity for finer discrimination. This is particularly valuable
for diagnostic assessments, formative evaluation and item-writing.
Various response aids have been deve]opéd for student self-avaluation

using confidence testing.

The effects of guessing has been a constant concern in the‘
theory of testing. Under ;onventiona] testing conditions, the probiem
of correcting for‘guessing is largely ignored because of the difficulty
'vof detecting and‘preventing iﬁ. Gueésing has been variously defined as
(i) not answering a question on the basis of surety about the correct
responsé but on the basis of some moderate surety ("ratioha] guessing");
(i) answering a question when all possible alternatives are considered
equa11y'1ike1y ("blind guessing" corresponding to a state of being
_pninfofmed): (ii1) answering a question when the alternative chosen is
regarded as being equally likely with some, but not all of the answers

("partially b1ind"‘guessing, correspohding to a state of misinformation).
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The only scoring system which can distinguish all three types of
guessing are admissible-probability measurement procedures. Conventional
scoring cannot distinguish any of the three and no discrete choice

system can identify (i) and (ii) reliably. Neither of the latter systems

can provide a method for identifying (iii). -

Confidence testing provides a technique by means of which a
testee may maximize his score without resorting to guessing. By distrib-
uting his points honestly, a testee will be assured of a score réf1ecting
his state of knowledge. Under the conditions that would encourage |
v'gueséing in a conventional scoring situation (when the student is unsure
of any or all of the alternatives), by distributing his points equally
across the attractive alternatives the testee will be guaranteed a score
that is greater than the chance level. Conventional scoring permits the
.situafion where two students with the same quantum of knowledge may, by
capiﬁa1izing differently on chance, achieve two widely different scores.
Given that students respond accurate]y, confidence testing precludes

this possibi]ity.

This particular study had three'objectives: (1) to provide a |
bridge between an agreed-upon philosophy of science and a means of
testing thai would realize that phi]osophy, that is,‘realize the tenet
of uncertainty; (ii) to prqvide~a means of testing which eliminates the
need for guessing and‘by capturing accurate responses increases the
},uti]ity of a test; and (iii) to employ a scoring system which credits

part knowledge.




Three hundred students were tested. The sample was divided
into an experimental and four control groups. The experimental group
was tested under full confidence-testing conditions; the controls were
- tested, respectively, under conditions of confidence—testing instructions
with conventional scoring; conventional instructions with conventional
scoring; different content-background in biology; and lack of biology

background.

A set of 56 items was selected from a pool of over 200 items
written specially for the confidence-testing format. The content of the

jtems was BSCS Blue Version Biology which happened to be undergoing trial

in a number of local schools at the time. The 56 items were selected on
a number of acknowledged a priori criteria and assembled into standard
test format. The test was administered under the appropriate treatment

conditions to the students.

The student responses were scored and test parameters found.
Certain basic comparisons were made between means and between variances
that resulted from the several treatment conditions. It‘was found that
significant differences resulted between the experimental group and the
“control for scoring and instructions and the control for non-specific
“biology content, indicating that -- réspectively -- confidence-testing
procedures produced higher mean scores by giving credit for part
| knoWledge; fhat testees found conVentiona] inétructionsveasier than

confidence testing instructions; and that the items were indeed testing

for biology content, though not specifita11y that of the Blue Version.
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- No significant differences were found between the mean scores of boys
and of girls, but in comparing the variances, significant differences

were found between the girls' scores under different scoring conditions

and between the girls' and boys® scores under conventional scoring
conditions. These differences were attributed to the girls' performances
being more spread-out by the confidence scoring procedures than were

‘the boys'. This implied that the girls were respondihg more in accord

with the instructions than were the boys. The sex differential was

eliminated by employing confidence scoring.

 Test and item-test reliabilities were calculated. The several
estimates of reliability were of the order of .55 -- low, but in line
with previousTyAf0und-reliabi]ity'coefficients for confidence-testing.
Reliability under conventional'scoring was .44. Item-test reliabilities
ranged from -.5 to ;7. Standard erroré of measurément were relatively
1argé; but both these results were attributed to the uniformly medium

ability-level of the group.

Test validity was computed against an arbitrary criterion of -

school examination scores. Validity for the confidence testing procedure
was .43 for the conventiona1]y-scored test, .7. Neither of these resd]ts

is impressive, but both can be explained in terms of the criterion that

‘was selected, the homogeneity of the group and the difficulty of the

items.

Item difficulty and discriminability were also found. On the
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whole the items were both difficult and dtscriminating: 46 of the 56
jtems were responded to incorrectly by more than 50 per cent of the
‘testees. The items for which there were more than one correct answer
were not shown to be more difficult than the one-option items. Only ten
of the items were non-discriminating. Item characteristic curves were

produced for representative items.

. Affective responses were gathered from the students regarding
their appreciation ot the confidence~testing procedure. These responses
confirmed the numerical findings and in addition, indicated that the
students were perhaos not toto11y clear as to the import of fd]]owing

the confidence-testing instructions.

5.2 Conclusions. |
Probably the most important evidence for the utility of any

test 1ies in the data concerning its reliability and validity. The few
exoeriments thet have been done previously with tests constructed for
‘use in the conventional manner have found reduced reliability and
increased validity when corrections for guessingyhave been app1ied.
Similar results have been obtained when a conventionally constructed
tost'has been scored ih a confidence-testing manner. Here, it was found
that wtth a.specia11yéconstructed test the reliability increased, though
.va1idity Was low owing to a lack of a Togica11y parallel criterion. It |
may . be concluded, therefore that specially- constructed tests will, in

fact, 1ncrease reliability and since the pr1nc1pa1 utility of conf1dence :
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testing lies in its diagnostic output, one might suggest that the

overall payoff from testing is greater under confidence-testing methods.
Until criterion measures are available upon the same subjective-probability
scale, one would have to withhold judgement as to the appropriateness of

confidence-testing for obtaining valid measurements.

Disadvantages that were unearthed were concerned primarily
wﬁth complexities in comprehending the fnstructions énd the response mode.
It was apparent that more time explaining the procedures and more pracfice
in their app1ication would have resolved some of the confusion of the =
testees. Indubitably, some of their difficulty may be attributed to a
fe1uctance to shift the response-mode, a conclusion affifmed by the
essence of thé affective responses. Some of the difficulty may also be
'attributed to. a failure of the students to prepafe the content of the

test adequately thus increasing a priori the test difficulty.

.On the positivevside, a number of advantages were discovered.
The students, almost without fail, scored higher when scored by
confidence-testing procedures. .These.higher'scores resﬁ]ted from part .
knowledge being credited; this information would have been lost under |
conventional scoring systems. If completeness of informatioh is a goal
 of testing, then the complexity of séoring is more than offset by the_.'
increase in information from confidence-testing and the therefore increased
diagnostic'uti1ity of the test. Fﬁrther, it may be ‘assumed thét gueésing
is 1ess likely to occur -- and even less gueséing would occur as the

,confidencé—testing procedure is understood.
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Finally, the sex differential artificially introduced in the

scores by conventional scoring procedures was eliminated by employment

of the confidence-testing method.

5.3

Recommendations.

As a result of having undertaken this study, a number of

recommendations emerged:

(1)

(2)

(3)

(4)

‘confidence-testing, because of its practical utility and diagnostic

value, merits further study;

practical work in the construction of items appropriate to confidence

testing must be undertaken to jdentify optimal strategies;
such items must be administered to experimental groups in order to
accumulate practical experience with these items;

effort must be made to mechanize the scoring processes so they are

applicable by any evaluator, specially in large-group situations,

(5)

(6)

vtesting is undertaken;

where large numbers of items are involved, and where frequent

current theories of reliabi11ty,‘va11dity and item-analysis must
be examined in the light of cbnfidente-scoring procedures;
evidence must be gathered concern1ng the relative impact on a
student of receiving a zero 1tem—score or of openly dec]ar1ng he

is uninformed.
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. o TABLE OF ITEM SCORES (S-RSS FORMULA) |
TO BE ALLOCATED TO ALL POSSIBLE

DISTRIBUTIONS OF TEN POINTS

£

Ty rj - Ty F Ty rJ - Ty F Ty rJ - Ty F
10 1.00 4 321 .73 2 422 .38
9 1 .99 4 33 .69 2 3311 .41
8 2 98 | 4 42 .67 2 332 .39
8 11 .98 3.7 391 .2 3221 .43
73 92 | 3 61 4k 2 2222 .45
7 21 .95 | 3 511 .50 19 .11 :
7 111 7| 3 52 .49 1 81 .12 }
6 4 83 | 3 411 .57 1 72 .14 |
6 31 .88 | 3 421 .55| 1 71l 14 |
6 211 .92 | 3 43 .51 1 63 .15 %
6 1111- .95 | 3 331 .57 1 621 .15 |
6 22 .91 3 3211 .61 1 6111 .16
5 5 71| 3 2221 .64 1 54 .15
5 41 77| 3 322 59 1 531 .17
5 311 .83 2 8 .24 1 522 .17
5 2111 .88 | 2 71 .27 1 5211 .18
5 221 .86 | 2 62 .30 1 441 .17
5 32 81| 2 611 .31 1 432 .18
% 6 56 | 20 53 .32 1 4311 .19
4 51 62| 2 s .34 1 4221 .20
4 411 . .69 | 2 5111 35| 1 3321 .20
& 3111 .76 2 44 .33 1 333 .19
4 2211 .78 2 431 .36 1 3222 .21
4 222 .76 2 4211 .39 0 0
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" CONFIDENCE INSTRUCTIONS

INSTRUCTIONS

. *Please read the following instructions carefully, as they are explained:

First, on the ANSWER SHEET that accompanies this test, put your name,
school and grade in the spaces provided;

The items are ordinary multiple-ch01ce, but this test is somewhat
dlfferent from the usual kind of test:

'Any partlcular item may have MORE THAN ONE CORRECT ANSWER.

Instead of marking just ome alternative as "best", you are to make a
response to each alternative. Now, not all answers may be equally good,
so we ask you to show us that you know this, by asking you to distribute
TEN POINTS among the alternatives. The solution you think is best, you
will give most points to; that which is next best, next most points to,
and so on; any alternative you consider wrong you would give zero points.

Thus, the second way in which this test differs from the usual kind of
test is that you will DISTRIBUTE TEN POINTS AMONG THE ALTERNATIVES,
ACCORDING TO YOUR CONFIDENCE IN WHICH ONES ARE CORRECT.

In readihg the items, make sure you notice when you are required to
respond to a '"not" or "except!" type of question.

Now, try these two EXAMPLES for yourself.

1. Evidence which led to Watson's and Crick's
DNA model was obtained from
(a) X-ray diffraction photos of DNA
(b) chemical analyses of DNA

(c) studies of pneumococcus - a b ¢ d e

(d) studies of bacteriophages

(e) electron microscopy | mmen memn mme ;e ame-

2. Which of the following is not found :
after hydrolysis of DNA?
(a) adenine -
(b) guanine
(c¢) thymine
(d) cytosine

‘ . (e) uracil ‘ . ) ] -:-—- o ne _---' CrL T »----

- The keyed answers to these questions are
1. =5 5 0 0 0-

PO SR IRET EESUMmen psmenen  oneuen

Emevar OumiNen EmMmenan SrETUEL - e ewSnen

2. O 0 0 0 10  Are there any further questions?




