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When you know a thing, to hold that you know it and 

when you do not know a thing, to acknowledge that you 

do not know it. This is knowledge. 

Confucius 
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ABSTRACT 

To decide wisely whether to act on the basis of what 

one knows, whether to rely upon one's knowledge is an impor

tant ingredient in managerial skill. It depends upon knowing 

what one knows and what one can do. Knowing that one knows 

is conceptualized as the ability to discriminate what one 

knows from what one does not. It is measured by detecta-

bility of correctness Ac, a nonparametric signal detection 

measure of the capacity to distinguish correct from incorrect 

responses. The research reported is an exploration of that 

concept and of the characteristics of Ac as a measure of it. 

The importance of knowing that one knows has been 

recognized, but little work has been done on it. Previous 

research along three separate lines is critically reviewed: 

philosophical analysis in epistemology, empirical research 

on calibration of subjective probabilities, and studies 

related to feelings of knowing. The measure Ac is then 

developed and experimental results indicate that it is 

independent of the measure of knowing, the proportion of cor

rect responses. 

It is shown that when there is opportunity to choose 

which questions in a test are to be answered, the expected 

score can be increased by an amount depending on the value of 

xiv 
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Ac. This effect is, essentially, a statement of the condi

tion for validity of Ac as a measure of knowing that one 

knows. The prediction is verified empirically. 

Reliability of Ac, assessed by the split-half method, 

is found to be higher than the reliability of the proportion 

of correct responses. 

Measurement of Ac requires respondent-generated 

answers that can be unambiguously scored. The cloze proce

dure, of filling in missing words in verbal passages, common 

in reading research and testing, meets these requirements and 

has been used in the present research. The application is 

the first, as far as is known, in which confidence judgments 

have been obtained with cloze, and Ac is expected to prove 

useful as a performance measure in cloze testing. 

In cloze experiments with native speakers of three 

different languages, who were also fluent in English, it 

was found that cloze scores did not distinguish between the 

native language and English but that Ac was consistently 

higher for the native language. 

This finding and the results of another experiment 

identifying words heard in noise tend strongly to disconfirm 

the hypothesis that conscious attention to skill learning 

leads to one's knowing more about what one knows. Perhaps 

the opposite is the case. 



xvi 

Finally, there is significant, but not conclusive, 

evidence that detectability of correctness can be improved 

by learning. 

It is concluded that knowing that one knows is a 

useful concept separate from knowing and is suitably measured 

by A , but that the determinants of it and its relation to J c 

other abilities are yet to be determined. 



CHAPTER 1 

INTRODUCTION 

The ability to decide wisely whether to attempt to 

apply one's knowledge is an important ingredient of decision 

making skill. A decision maker who is confronted with a 

problem has to judge and assess his skills and knowledge 

with regard to the problem and decide whether he can under

take the solution. Thus accurate assessment of one's own 

capacities is essential for making wise decisions about what 

problems to attack and about what methods to use. Lack of 

this assessment ability could result in less than optimal 

decisions, ones which in the long run would be less beneficial. 

Clearly, this would result in poor decisions which would be 

especially important if they have large societal or environ

mental impact. Therefore, accurate assessment of one's 

ability with regard to the demands of the problem has strong 

implications for those whose jobs involve actually making 

and taking responsibility for such judgments. 

The research reported is concerned with how well a 

person can turn his attention inward to make judgments about 

his knowledge and capability as demanded by a task. It is 

argued that there are two aspects of knowledge, namely, being 

able to supply correct answers and knowing when one's answers 

1 
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are correct. To answer a problem correctly is knowing. 

Knowing that one knows is, from this standpoint, to be able 

to distinguish which answers or decisions are right. The 

ability to detect correctness or be able to distinguish 

correct from incorrect solutions is adopted as a measure of 

knowing that one knows. Knowing that one knows will be 

denoted by K and it will be investigated using a model, 

based on signal detection theory. 

This dissertation is concerned with measuring and 

exploring the ability to distinguish between correct and 

incorrect answers. It concerns itself with the subject of 

knowing that one knows and using a signal detection model as 

an appropriate tool for measuring it. The research described 

suggests that it is a reliable and stable measure for it. 

Several other researchers have introduced measures 

for knowing that one knows. Their measures are defective 

since they are dependent upon knowing. There is controversy 

among epistemologists regarding the equivalence of knowing 

and knowing that one knows. Some .contemporary epistemologists 

argue that these two are the same, but counter examples from 

the field of psychology clearly demonstrate that these two 

are not equivalent, that in fact knowing does not entail 

knowing that one knows. 

The work reported is research into a new measure of 

an ability even the existence of which has been disputed, 
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and about which there has been exceptionally little empiri

cal research. With so little to go on, the approach taken 

has had to be exploratory. The basic issues are, of course, 

the validity and reliability and independence of the measure; 

what variables or circumstances are associated with the 

ability being measured; and whether that ability can be 

learned or encouraged. In addition, various technical aspects 

of the measure need to be considered. 

The overall result is that a signal detection model 

is shown to be an appropriate model and framework for con

sidering the research problem and in terms of signal detec

tion knowing and knowing that one knows appear, in fact, 

to be independent attributes. Knowing that one knows may be 

related to the depth of intuitive understanding of the know

ledge, and it can be improved by training, though how and 

to what extent is not clear. 

1.1. Summary of the Dissertation 

In Chapter 2 literature about knowing and knowing 

that one knows has been reviewed. It was found that the 

first time the issue has been addressed was by philosophers 

such as Plato. Much of their work has been concerned with 

defining what knowledge is, and they addressed knowing that 

one knows by considering the conditions that justify belief. 

Contemporary epistemologists have not agreed among 

themselves. For example, one has tried to prove that knowing 
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and knowing that one knows are virtually equivalent, but 

other epistemologists have proposed counter examples to this 

proof. 

Psychologists have shown that knowing is not equiva

lent to knowing that one knows by investigating the "tip of 

the tongue phenomenon" and the feeling of knowing. They 

show that people can reliably judge whether they have an 

item in memory and have given an account of how such a capa

city is important in a memory system. However, they have 

not measured the extent to which one knows that he knows and 

their methods are applicable to a rather limited subset of 

cases. 

Other researchers have attempted to measure knowing 

that one knows in terms of calibration, the degree to which 

one's judgments of degree of confidence agree with observed 

frequency of correctness, and have found that, with low levels 

of knowledge, people are overconfident, overestimating the 

subjective probability of being correct. The objections to 

2 such a measure of K are explained. 

Chapter 3 will present signal detection theory as a 

framework for studying knowing that one knows. It is based 

on detection of signal in noise and is appropriate to measure 

discrimination between correct and incorrect responses. A 

model based on signal detection theory is set out. This 

model shows that for those types of tasks in which a 
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respondent must supply an answer, knowledge is potentially 

2 independent of K . Therefore in designing the experiments, 

only this type of task was chosen. 

Chapter 4 refers to the first experiment done for 

this research. Its direct objective was to test, in the 

context of knowledge of management, the independence of the 

measures of knowing and knowing that one knows. Although 

the question was not conceptually first, the experiment is 

described at the beginning because it serves as a good basis 

for an illustration of the experimental procedures used in 

the rest of the research and for the discussion of the prob

lems associated with it. The effect of knowing that one 

knows on performance when one can select which question to 

answer was studied. It was shown that given the choice, 

one can increase his performance score substantially. 

Chapter 5 describes an experiment exploring the 

relationship between feeling of knowing to detectability of 

correctness. Results strongly suggest that feeling of 

knowing and knowing that one knows in terms of signal detec

tion reflect the same underlying ability which points to the 

validity of the more versatile signal detection measure. 

Chapter 6 introduces the cloze procedure as an 

efficient way of generating stimulus material for the experi

ments to be reported later. The chapter reviews the cloze 

method and some of the findings about what it measures. 
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Subsequent chapters detail the results of cloze tests in 

which detectability of correctness was measured. 

Exploring for factors that produce higher detectabilty 

of correctness led to the hypothesis that consciously learned 

skills (those skills for which conscious attention was given 

for the purpose of learning) are better understood; hence, 

for them, one has better detectability of correctness. 

Chapters 7 and 8 are concerned with this matter. In Chapter 

7, experiments are reported which tested the hypothesis with 

cognitive language skills. In Chapter 8, auditory perceptual 

recognition of words spoken in noise was studied. Instead 

of supporting the hypothesis, the evidence suggests that one 

knows better that one knows when the knowledge is of the 

deep intuitive kind rather than that which has been formal

ized and consciously elaborated. 

2 Chapter 9 tests the measure of K as a stable and 

replicable measure. The reliability coefficient found from 

the split-half procedure was high indicating that signal 

detection measures are a reliable measure of knowing that 

one knows. 

Chapter 10 concerns itself with the important ques-

2 tion of training and feedback; in other words, whether K 

can be learned or taught. The results revealed that 

detectability of correctness can be improved, but gave no 

indication of how to accomplish it to a greater degree. 
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The general conclusion is reported in Chapter 11. 

It suggests that systematic and substantial research effort 

into this aspect of knowing is, indeed, warranted. 



CHAPTER 2 

KNOWING AND KNOWING THAT ONE KNOWS 

2.1. Philosophical Approach 

The reason for considering the philosophical approach 

to the problem of.knowing and knowing that one knows is to 

find how philosophers have construed the question and 

whether the approach they have taken can help with the re

search. It will also serve to clarify the viewpoint to be 

represented in this dissertation. 

The origin of the problem of knowing that one knows 

is in the distinction between knowing and correct opinion. 

This distinction has been mentioned in Plato's Meno and is 

discussed in his Theatus. Chisholm (1966, p. 5) describes 

the problem thus, "If one man knows and another man has a 

true opinion but does not know, then the first man has every

thing the second man has and something else as well. What 

is that which when added to true opinion, yields knowledge?" 

2.1.1. Definition of Knowledge 

According to Plato,'as formulated by him in Theatetus, 

knowledge is true opinion or belief combined with reason; 

i.e., belief for which the claimant to knowledge can give 

adequate grounds, or rational account, or justification. 

8 



9 

Formally, "a knows p implies that a believes p and p is true 

and there is evidence of some kind that p." What evidence 

is needed is debatable and it plays a central role in con

temporary authors' analysis. 

For Chisholm (1966) the evidence is that which makes 

p "evident." He first defines a proposition which is reason

able. "A proposition is reasonable or beyond reasonable 

doubt, if believing it is more reasonable that withholding 

it." He then defines evident as "A proposition h may be said 

to be evident for a subject provided (1) that h is reasonable 

for subject and (2) that there is no proposition i such that 

it is more reasonable for s to believe i than it is for him 

to believe h." Therefore every proposition that is evident 

is reasonable, but not conversely; and every proposition 

that is reasonable is acceptable but not conversely. 

Having defined evidence, he turns to the problem of 

knowledge, "s knows at t that h is true, provided: (1) s 

believes that t, (2) h is true, and (3) h is evident." 

Hintikka (1962) seems to be working with a special 

form of this general conception. He defines the third aspect 

of knowing as "having a conclusive grounds or adequate basis 

and that the claim to know requires that one has the right 

to disregard further evidence or information." 

Ayer (1956) says, "The necessary and sufficient 

conditions for knowing that something is the case are first, 
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that what one is said to know be true, secondly that one be 

sure of it, and thirdly that one should have the right to be 

sure." He puts the main stress on the third condition and 

devotes much of his discussion to explain "the legitimacy 

of the title to be sure" (p. 35) . 

2.1.2. Knowing That One Knows 

The question of whether or not one knows has attracted 

the attention of philosophers and they have devoted consid

erable amounts of time to it. 

Hintikka1s view is that knowing virtually implies 

knowing that one knows. He attempts to demonstrate this 

rigorously. He gives what he considers essential conditions 

that a set of assertions must satisfy if they are to be 

compatible alternatives as models of a state of affairs. 

These conditions deal with the concepts of possibility and 

logical necessity. By replacing logically necessary with 

the concept of being known by person a he develops analogous 

conditions for assertions to be compatible with alternative 

state of a's knowledge. Several of the resulting conditions 

together with the assertions Kap and ^KaKap (a knows that p 

and a does not know that a knows p) are then shown to have 

the following implication: Under the same state of 

knowledge both assertions Kap and ^Kap are true which is 

contradictory. Hence, KaKap. As Chisholm (1970), who 

describes the argument in detail, notes, there are a number 
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of ambiguities in the basic conditions that still leave the 

matter in doubt. Moreover, Hintikka himself claims a lesser 

status than logical truth for the implications of his 

conditions. 

Chisholm states, 

Hintikka professes to prove only that the sentence 
"He knows but does not know that he knows is inde
fensible." But even so, one remains unconvinced. 
A true indefensible sentence implies that someone 
has neglected to carry out the logical implications 
of something that he knows or believes. But a man 
who knows without knowing that he knows would not 
seem to be guilty of this type of neglect. Unless 
we could say that knowing logically implies knowing 
that one knows and Hintikka does not say this. 
(p. 204) 

Danto in "On Knowing that We Know" (1967) and Lemmon 

"If I Know Do I Know" (1967) offer arguments to show that it 

is possible to know something without knowing that one knows 

that something. Danto's argument begins with the assumption 

that whatever analysis one finally offers for "a knows that 

p," such an analysis must satisfy the condition that "a 

understands p." But, he argues, if this is so, then the 

following considerations may be advanced in support of the 

thesis that it is possible to know something without knowing 

that one knows it. Let p be the sentence "a knows that t," 

and substitute this expression for the variable p in "a 

knows that p," transforming this into "a knows that a knows 

that t." He states that it is quite obvious that "a knows 

that a knows that t" must satisfy a truth condition in excess 



12 

of truth conditions for "a knows t." For the latter to be 

true, it is required in addition that a understands t, while 

for the former to be true, it is required in addition that 

a understands the sentence "a knows that t," but "a knows t" 

requires no such thing. 

Lemmon (1967) takes a different approach. He claims 

that "I know that p" if and only if "I have learned (found 

out) that p, and have not forgotten that p." On the basis 

of his analysis, he shows that it is not analytic that if 

a knows that p, then a knows that a knows that p. A counter 

example to Hintikka's view presented by Lemmon is the person 

who, asked to give the value of ir to three decimals, says 

he cannot, since he believes he has forgotten it, but 

suddenly recalls its value. He knew it, but did not know he 

knew it. 

2.1.3. Conclusion 

The discussion and counter example point out the 

extent to which the problem of KaKap is governed by the 

definition of knowing. The philosophical debate has concerned 

itself largely with knowing in the sense of asserting with 

certainty that propositions are true and in this limited 

contest Hintikka's claim that knowing entails knowing that 

one knows may be defensible. As Lemmon (1967) notes: "If 

there is to be a counter example to Kap KaKap it will have 

to be of a kind in which a's evidence for p is distinct from 

his evidence for Kap." 
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The philosophers view of KaKap is helpful in stressing 

the need for separate evidence for p and for Kap and in 

indicating that in most practical cases, KaKap involves a 

wider concept of knowing than the classical one. The present 

work is concerned with knowing in a broad sense which includes 

being able to answer questions correctly, "knowing" such 

things as statistics, and knowing how to accomplish goals. 

In these cases, it is quite reasonable to suppose that there 

can be evidence for knowing that is quite separate from 

whatever is known. 

Even in the more limited case, the truth of propo

sitions, knowing can be associated with having strong evi

dence and knowing that one knows can be associated with being 

able to discern the strength of that evidence. It will be 

shown later that this conception leads to a way to separate 

knowing and knowing that one knows in certain cases and to 

quantify both. 

2.2. The Tip of the Tongue Phenomenon 

A counter example to Hintikka's "proof" that knowing 

entails that one knows that he knows, is a person who strongly 

feels that he knows a word or name that he cannot at the 

moment recall. This is called the tip of the tongue phenome

non, and since in almost all such cases the missing word is 

recalled or can be recognized, it appears to be just the 

inverse of Lemmon's (1967) counter example of the person who 
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thought he did not know i t  but then recalled it; in this case, 

one often correctly thinks one knows but cannot recall. 

According to Brown and McNeill (1966), "The 'tip of 

the tongue' (TOT) state involves a failure to recall a word 

of which one has knowledge." They have used the result of 

their studies of the TOT state to speculate on the organiza

tion of human memory. They had to develop an experimental 

paradigm for inducing the TOT state in their laboratory 

subjects. Then they had to develop a procedure to see how 

much was really known about the words which the subjects 

claimed to have in their memories, yet were unable to extract. 

The procedure was as follows: Subjects were presented 

with the definition of an uncommon English word and were 

asked to supply the word. In some instances subjects felt 

the TOT state. While searching for the target, subjects 

stated all the words that came to mind. It was found that 

some of them resembled the target in sound but not in mean

ing; others were similar in meaning, but not in sound. Brown 

and McNeill (1966) concluded, "When complete recall of a word 

has not occurred but is felt to be imminent, there is likely 

to be accurate (generic) recall. Generic recall of the 

abstract form variety is evidenced by subject's knowledge of 

the number of syllables in the target and of the location of 

the primary stress." Subjects whose state ended in recall 
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had, before they found the target word, more correct infor

mation about it than did subjects whose state ended in 

recognition. Based on these experiments, Brown and McNeill 

proposed the following model. 

2.2.1. A Model of the TOT Process 

The model assumes that a word is stored in memory 

as a complex of word properties and meaning elements. Fur

ther, the complex retrieved will often be incomplete in some 

way. 

The task begins with a definition presented to the 

subject who then retrieves all complexes he can that share 

some key elements in the definition. He then checks the 

meaning retrieved against the given one to see if it approxi 

mately matches. The possible outcomes can be tabulated in 

the following form. 

Target word Target word not 
in retrieved set in retrieved set 

Meaning matches 

Meaning does not 
match 

Meaning matches, 
but elements 
needed to specify 
the word are 
missing 

Correct recall, 
stop 

Does not know 
correct definition 
of target, Miss 

Subject now has 
some features of 
the target word 

False alarm, stop 

Correct rejection 
"Don't know" 

Subject now has 
some features of a 
word he thinks 
erroneously is the 
-target word 

TOT 
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In the TOT state the subject further tries to recall 

the word on the basis of another aspect of it, i.e., the 

sounds of incompatible words that matched in meaning. Again 

he checks the meaning retrieved against the given one to 

find a match; iterating until correct recall, false alarm 

(no match, while target word is in retrieved set), correct 

rejection (no match, target word not in retrieved set), or 

he gives up. If the subject is given a word itself, he can 

match it not just on the meaning, but on the features he has, 

and if it is in store, he is likely to get it right or, if 

not, give a correct rejection. 

In terms of the model, the subject with a word com

plex having a correct definition matching the input, but an 

incomplete word entry will have evidence that he knows the 

target word, i.e., retrieval of a matching meaning, which is 

independent of evidence that the target word indeed has the 

given meaning, i.e., retrieval of the target word and matching 

meaning together. Hence, it can be said that he knows that 

he knows. 

There are some limitations to the TOT phenomenon as 

a means of studying knowing that one knows; namely, it is a 

matter of recalling a word, not general knowledge, and it only 

occurs occasionally. One would like to be able to measure 

how much one knows about what one knows when one gives a 

more complex answer to a more complex question. 
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2.3. Feeling of Knowing 

Feeling of knowing (FOK) was first investigated by 

Hart (1965). It is a subjective feeling about whether any 

specified sort of material is stored in memory. When a 

person is unable to recall a sought after memory, the feeling 

of knowing experience may occur with greater or lesser 

intensity. 

The TOT phenomenon can be described as an intense 

feeling of knowing experience limited to words or names one 

cannot recall. A primary question about FOK experience is: 

are they accurate indicators of the existence of appropriate 

information in memory? Can people assess the content of 

memory when they are unable correctly to retrieve the content? 

Unless FOK is accurate, it will add nothing to memory 

efficiency. However, for a fallible memory system in which 

retrieval does not always completely recover what is stored, 

accurate FOK experiences could serve a useful function as 

indicators of whether one should continue searching when the 

retrieval of a memory item is unsuccessful or interrupted. 

If the FOK indicates that an item is not in storage, the 

system will not continue to waste time and effort at retrieval, 

instead input can be sought that will put the item into stor

age. On the other hand, if FOK indicates that an item is 

probably in storage, the system can continue to make retrieval 

efforts. Thus FOF should accurately reflect the probability 

of recall or recognition. 
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2.3.1. Hart's Studies 

To determine the accuracy of FOK, Hart (1965) used 

the well established fact of verbal learning that recognition 

exceeds recall. People are almost always more accurate at 

recognizing correct answers than at producing them. 

Subjects were given a test of recall and for those 

items they could not answer, they made a judgment of how 

strongly they felt they knew the correct answer well enough 

to recognize it among several wrong alternatives. The 

subjects were then given a multiple-choice recognition test 

covering the same items that appeared in the test of recall. 

If the FOK experience is an accurate indicator of 

memory storage, the subjects should do better on those 

recognition test items which they feel they know, but cannot 

recall, than on those items which they feel they do not know. 

Accuracy was assessed by the proportion correct as a function 

of judged strength of feeling of knowing. 

The questions used were general information questions. 

The subjects made graded judgments (one through six) about 

their feeling of knowing. The rating was made with the 

following scale: 

Feeling of Knowing 

No Yes 

1 2 3 4 5 6 

Very strongly Strength of Feeling -»• Very strongly 
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Figure 2.1 shows the proportion of correct recalls in 

each rating category indicating that there is a strong cor-

2 . relation (r = .82) between feeling of knowing and proportion 

of correct recall. It seems that FOK is a good indicator of 

whether or not an item is in memory storage. This result 

is in accordance with Kolers and Palef (197 6) who found that 

people often know rapidly and reliably that they do not 

know something in memory tasks, "The subjects responded 

almost as rapidly when they were sure that they had not seen 

a word before as when they were sure that they had seen a 

word before." (Kolers and Palef 1976). 

2.3.2. Conclusion 

It has been demonstrated that the FOK experience is a 

relatively accurate indicator of memory storage and could 

in principal serve a useful function. It could inform the 

retrieval process whether to continue searching for an item 

in memory when the retrieval of a memory item is unsuccessful 

or interrupted. 

There are limitations also on FOK as a general mea

sure of knowing that one knows since the FOK experience 

refers to cases when a person cannot recall momentarily or 

recalls incorrectly. It cannot be generalized in cases 

when persons in fact can come up with an answer which 

is correct. In this case, one cannot be sure whether 

feeling of knowing that the answer is right is an accurate 

indicator of memory storage, separate from actually knowing. 
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I I i i i • 
1 2 3 4 5 6 
Strength of Feeling of Knowing Rating 

Figure 2.1. Graph of Strength o'f Feeling of Knowing 
Rating and Proportion Correct for Each Category of FOK Rating 
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2.4. Calibration 

2.4.1. Introduction 

Recently, two sources, Shuford and Brown (1975) and 

Lichtenstein and Fischhoff (1977), have dealt explicitly with 

the general problem of knowing that one knows, and have 

attempted to measure its extent in relation to the extent of 

knowing. Both approaches make use of the concept of the 

calibration of subjective probability estimates; hence, that 

topic is considered next. 

2.4.2. Calibration for Probabilities 
of Discrete Events 

Calibration is a property that, it is widely agreed, 

should be possessed by sets of judgments of probability, or 

more loosely, by the respondent who makes the judgment. 

Formally, a set of judgments is perfectly calibrated if, for 

all events assigned a given probability, the proportion that 

occur is equal to the probability assigned. 

Calibration has also been called Realism (Brown and 

Shuford 1973), Realism of Confidence (Adams and Adams 1961), 

Appropriateness of Confidence (Oskamp 1962), External Validity 

Brown and Shuford 1973), Secondary Validity (Murphy and 

Winkler 1971) , and Reliability (Murphy 1973) . 

Calibration may be reported using calibration curves 

as shown in Figure 2.2. Such a curve is derived as follows: 

(1) Collect answers and subjective probabili

ties of correctness of answers to many items whose 
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Underconfidence 

Perfect 
Calibration 

•H 
u.7 

Overconfidence 

Probability Response 

Figure 2.2. Example of Calibration Curves 
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correct answer is known or will shortly be known to 

the experimenter. 

(2) Categorize the subjective probabilities, 

r, if they were not restricted in the first place 

(e.g., all responses between .60 and .69 are placed 

in the same category, nominally, r = .65) . 

(3) Compute for each category r^ the proportion 

P(c/r^) of correct answers. 

(4) For each category, plot the proportion 

correct against the nominal probability. 

Calibration may be either underconfident or over

confident. With underconfidence, the proportion correct is 

greater than the probability assigned. With overconfidence, 

the opposite is the case; the probability assigned is too 

large. Curves exhibiting under- or overconfidence are shown 

in Figure 2.2. 

Calibration tasks are of several types depending on 

the way questions are asked and on the event to which the 

subjective probability refers. For example, one might ask 

the probability that a statement is true, requiring a 

response on [0,1] or one might ask whether the statement is 

true or false and for the probability, on [.5,1] that the 

answer is correct. Ferrell and McGoey (1980) give a classi

fication, as do Lichtenstein and Fischhoff (1977). One 

important distinction is betv/een questions for which the 

correct answer is provided, as in multiple choice or 
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true-false tests, and those for which the respondent must 

supply his own answer. An example of the latter is 

What is Absinthe? 

and an example of a two alternative multiple choice question 

is 

Absinthe is 

1. A liqueur 

2. A precious stone. 

These two types of questions are usually treated as equiva

lent for purposes of calibration studies, but they have 

important theoretical differences which will be treated in 

more detail in Chapter 3. 

Several measures of overall calibration have been 

proposed. The tendency for a respondent to be overconfident 

or underconfident can be measured by 

1 1 
over/underconf idence = r j  £ n . (r^-P (c/r^) ) ( 2 . 1 )  

i=l 

where N is the total number of responses, n^ is the number of 

times the response r^ was used, P(c/r^) is the proportion 

correct for all items assigned probability r^, and I is the 

total number of different response categories used. Larger 

positive values indicate more overconfidence and negative 

ones underconfidence. 
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A measure of the adequacy of calibration proposed by 

Oskamp (1962) replaces the parentheses in equation (2.1) by 

an absolute value sign, thereby measuring the mean weighted 

distance between the calibration curve and the identity line. 

An alternative is to take squared derivations, 

This is proposed by Murphy (1973) . A perfectly calibrated 

person would score 0 on this measure. The worst possible 

score, 1.0, can be obtained only by a respondent who always 

responds r^ = 1.0 when wrong, and r^ = 0.0 when right. 

Murphy (1973) to be an additive component of a widely used 

scoring rule for probability assessments. The Brier score 

(Brier 1950) is 

where K indexes the N events for which a probability was 

assessed and cv = 1 or 0 depending on whether the event 

occured or not. It is assumed that the probability of only 

one of the mutually exclusive and exhaustive probabilities 

is assessed for each event. The partition is 

Calibration 

The calibration score (Eq. 2.2) has been shown by 

(2.3) 

i=l x 
(2.4) 
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where i indexes the response categories which - have n^ 

responses, P(c) is the overall proportion correct, and 

P(c/r^) is the proportion correct in each response category. 

The first term measures knowledge, the second calibration, 

and the third resolution. Resolution reflects the degree to 

which assessors can successfully discriminate among different 

degrees of certainty, independent of numerical labels assigned. 

The best Brier score is a minimum of 0.0 and the worst a max

imum of 1.00 obtainable when all answers are wrong and all 

are assigned 1.00. 

2.5. Shuford and Brown Studies 

Shuford and Brown (1975) have specifically addressed 

the question of knowing that one knows. They consider an 

important aspect of education, that one should be able to 

accurately appraise what one does know. From their paper it 

is not completely clear how they think that ability should be 

measured, since at one point they identify it with good 

calibration, "the ability to assess their uncertainties 

accurately," but further on they use an information measure. 

That too depends upon the degree of calibration, so that, in 

any case, good calibration is at the heart of their concep

tion of knowing that one knows. They illustrate the impor

tance of the problem with the Persian proverb: 

He who knows and knows that he knows 
He is wise, follow him 
He who knows and knows not that h-a knows 
He is asleep, awaken him 
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He who knows not and knows not that he knows not 
Ke is fool, shun him 
He who knows not and knows that he knows not 
He is a child, teach him. 

Shuford and Brown have studied knowing and knowing 

that one knows in an educational setting. They assume that 

the student wishes to maximize his expected test score, and 

therefore requires a scoring rule which possesses the property 

that a student can maximize his expected score if and only 

if his probability matches his true feelings about the like

lihood of correctness of each of the answers in a multiple 

choice test. Scoring rules satisfying this condition have 

variously been called "proper" (Savage 1971), "reproducing" 

(Brown and Shuford 1973, Shuford et al. 1966) and "admissible" 

(Shuford et al. 1966). They argue that the score should 

also have the property that it depends only upon the response 

assigned to the correct answer and not upon how the responses 

are distributed over the other answers when more than two 

answers are possible (Shuford, Albert, and Massengill 1966) . 

They assert that only the logarithmic scoring rule 

out of the many scoring rules that induce the identity rela

tion between response and probability possesses this property. 

The score for a question when the ith of k answers is correct 

is: 

S = A log r^ + B (2.5) 

where A > 0 and r^ is the subjective probability response to 

that answer. A and B will be defined shortly. 
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Consider now the optimal test taking strategy for a 

student who wishes to maximize his expected test score. 

Suppose a range K of possible scores is chosen and A = .5K 

and B = .5K log k where k is the number of possible answers. 

The score that the student will receive if answer i is 

correct can now be written: 

S(r^) = ,5K log kr^, r^ >_ .01 (2.6) 

The expected test scores can be maximized by maximizing each 
/ 

expected item score, which may be expressed, with p the true 

subjective probability, as 

E [ S (r ̂) , S (^ 2) Pi[_'P2'**"'^K^ 

k 
= E[S(r)/p] = I p,S(r.) 

i=l 1 

k 
= I p.(.5K log kr.) 
i=l 1 

k 
= . 5K (log k + I p. log r̂ ) (2.7) 

i=l 

if a student responds with r^ = p^ for all i, then the 

subjectively expected score is maximize^ presumably inducing 

the student to give his true subjective probabilities. The 

amount of information the student perceives he possesses 

with respect to the subject of the n item test, as indicated 

by his probability assignment, can be computed by 
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n k 
n log k + I I p.. log p.. ' (2.8) 

j=l i=l XJ 3 

n- k 
The negative of the second term H = - £ £ p.• log p.. is 

p j=l i=l 1J 

proportional to the average uncertainty about the answers 

(Shannon and Weaver 1949). It can be interpreted as the 

student's subjectively perceived uncertainty about the answer 

when the probabilities are his subjective ones* which they 

should be if he attempts to maximize his score. To obtain 

an estimate of his "objective" uncertainty H , Shuford and ci 

Brown "correct" the subjective probabilities using previously 

obtained calibration data. The information I the subject 
P 

perceives that he has about the answers is a constant, 

n log„ k less his perceived uncertainty H . Similarly, an 2 p 

estimate I of his actual state of information is n log. k a 2 

minus the estimate of actual uncertainty H . 

Shuford and Brown use I as a measure of knowledge cl 

and the difference |Ia~Ip| as a measure of not knowing that 

one knows, i.e., of the discrepancy between perceived and 

actual knowledge. Figure 2.3 shows this discrepancy. It is 

the result from experiments conducted by Shuford and Brown. 

The experimental tasks were computer-administered multiple-

choice tests of vocabulary and of humanities, natural sciences, 

and social sciences topics. These graphs seem to indicate 

that most people perceive that they have more information 

than they actually have. "A few people fall close to the 
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Figure 2.3. Information Comparison for Several Subjects 
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diagonal, suggesting that some people may exist who can 

discriminate with great accuracy what they know well from 

what they know less well." (p. 160) In conclusion, they 

state 

We have shown here that some people can be very 
realistic over a wide range of subject matter while 
others characteristically overvalue their infor
mation. We do not yet know what deficits in this 
ability exist within different subgroups of the 
population, nor do we know exactly how to go about 
educating people to become more realistic, (p. 162) 

In summary, Shuford and Brown have directed their 

efforts toward the problem and have shown the potential value 

of probabilistic responses and proper scoring rules in 

motivating appropriate test-taking and learning strategies. 

However, there are two kinds of objections that can be made 

to their measure of knowing that one knows. The first con

cerns technical aspects of the way they assess uncertainty 

and whether they have measured it suitably. These include 

their use of a linear fit to the calibration curve and their 

avoidance of the quite objective measure of information 

transmitted by the responses about the correct answers. But 

these questions are relatively minor. 

The second and main objection is to equating knowing 

that one knows with accurate quantitative representation of 

one's uncertainty. Knowing that one tends to give probabil

ities that are too extreme and knowing that one knows the 

answers to questions are conceptually quite different. 
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Shuford and Brown do not make this crucial distinction between 

accurate communication of the extent that one knows and the 

discrimination itself between knowing and not knowing. They 

equate, to use their words (p. 160), the ability to "discrimi

nate, with great accuracy what they know well from what they 

know less well" and the ability to "assess their uncertainties 

accurately." A theoretical basis for a distinction between 

these abilities given in Ferrell and McGoey (1980) will be 

presented later. 

2.6. Lichtenstein and Fischhoff Studies 

There has been a comprehensive review of calibration 

by Lichtenstein, Fischhoff, and Phillips (1976) and a useful 

and interesting experimental study by Lichtenstein and 

Fischhoff (1977). 

Lichtenstein and Fischhoff (1977) raised the question, 

indeed it was the title of their paper, "Do those who know 

more, also know more about how much they know?" The criterion 

they used for knowing about how much one knows was degree of 

calibration. In one experiment, their subjects took a test 

of general knowledge with two alternative answers to each 

question. For each question, they stated their subjective 

probability about the correctness of the alternative answer 

chosen. The results from those subjects were then divided 

into three subgroups, according to how knowledgeable the 

subjects were; the measure of knowledge being the proportion 
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of correct responses. Separate analyses were performed for 

each group. The calibration curves are shown in Figure 2.4. 

These data strongly suggest that there is a systematic 

effect of proportion of correct answers P(c) on calibration. 

Those who knew more were less overconfident. To test this 

possibility further, Lichtenstein and Fischhoff asked how 

well calibrated were the best subjects on the easiest items. 

The data of the experiment were reanalyzed; questions were 

sorted into two equal groups, easy and hard, according to 

the percentage of subjects answering them correctly. Each 

of the three groups of subjects were calibrated for each of 

the two groups of items to produce the six calibration curves 

shown in Figure 2.5,. It reveals again the systematic effect 

of proportion of correct answers. Those subjects who knew 

most were underconfident, whereas, those who knew least, 

were overconfident. 

In addition, they did experiments to compare the 

calibration of graduate students with undergraduate and of 

graduate students answering questions in their speciality 

with graduate students answering general knowledge questions. 

The main findings of their studies can be summarized as 

follows: 

(1) Subjective probability judgments are mostly 

overconfident, i.e., more extreme than the correspond

ing relative frequency. 
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(2) There is a systematic trend from over-

toward underconfidence as the overall proportion 

of correct responses increases. 

(3) There is no difference between the calibra

tion of those who are more expert or intelligent and 

those who are less so when the overall proportion of 

correct responses is the same. 

(4) Calibration can improve with training. 

Based on these findings, they concluded that those 

who know more do not know more about how much they know. 

Since they use calibration as their criterion, the same 

criticism brought against Shuford and Brown (1975) applies 

to them. Calibration is not a measure of knowing that one 

knows, but just the quality of its numerical expression. 

2.7• Summary 

The epistemological question of exactly what it means 

to. say one knows that he knows has -attracted the attention 

of researchers from different fields; from philosophers to 

psychologists to practitioners. We have shown that although 

the question has a long history of philosophy, its answer 

still is controversal. Contemporary philosophers have, 

however, shown that knowing is not equivalent to knowing that 

one knows. 

Psychologists have shown that the previous statement 

is an empirical fact by investigating the tip of the tongue 
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phenomenon and feeling of knowing. These phenomena can be 

looked on as proof that indeed one may know and yet not know 

that he knows. In addition, they have shown that people can 

reliably judge whether they have an item in memory and have 

given an account of how such a capacity is important in a 

memory system. However, they have not measured the extent 

to which one knows that he knows and their methods are appli

cable to a rather limited subset of cases. They cannot deal 

with procedural knowledge, for example, since it is hard to 

say how it could be recognized. 

Other researchers have attempted to measure knowing 

that one knows in terms of calibration and found that with 

low levels of knowledge, people are overconfident, over

estimating the subjective probability of being correct. As 

the proportion of correct responses increased, they are less 

overconfident. People who have the most knowledge, show 

underconfidence. The conclusion based on these studies is 

"those who know more do not know how much more they know." 

The research reported in this dissertation, of course, rejects 

the idea that calibration is a suitable measure of how much 

one knows that one knows. But the calibration-based measure

ment of knowing that one knows can be faulted on another 

ground in that they used multiple choice questions. It v/ill 

be shown in section 3.4 that this specific type of question 

presents the separability of knowing and of knowing that one 

knows. 
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It is clear from the literature review that knowing 

that one knows is a real condition and that it can potentially 

be measured. It is also clear that no substantial progress 

has yet been made toward doing so. In the following chapter, 

a signal detection model for that measurement is described, 

the model that forms the basis for the experimental work 

subsequently presented. 



CHAPTER 3 

A SIGNAL DETECTION MODEL OF 
KNOWING THAT ONE KNOWS 

3.1. Introduction 

Knowing is usually shown by answering questions 

correctly and not knowing is shown by answering them incor

rectly. Indeed, that is the major basis of testing knowledge. 

Knowing that one knows, it can then be argued, is knowing 

that the answers that are correct are, in fact, correct and 

knowing that one doesn't know would be knowing that the 

incorrect answers are incorrect. More generally, then, 

knowing that one knows can be considered to be the ability, 

to separate or distinguish right from wrong answers when 

one has tried to answer correctly, i.e., the ability to 

detect which answers are correct. 

Signal detection theory (Green and Swets 1966) 

provides a basis for measuring the ability to distinguish 

items that belong to one of two different categories on the 

basis of evidence. It is an extremely robust model that has 

found wide application to phychophysics, memory, cognitive 

performance, and perception (Swets 1964) . It was first pro

posed for measuring knowing that one knows by Ferrell (1972) . 

Here some of the basic ideas will be set out. 

38 
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3.2. ' Signal Detection Task 

The task of the observer (detector) is to decide on 

the basis of uncertain evidence whether the stimulus resulted 

from one category usually called signal plus noise, SN, or 

from the other category called noise, N. The fundamental 

detection task involves the following two steps. 

(1) There is a random occurrence of one of two 

events, SN or N. 

(2) After each observation, the observer must 

make a decision "yes/' sn, corresponding to SN, or 

"no," n,. corresponding to N. The possible outcomes 

are (SN,sn) usually called a hit, (SN,n) a miss, 

(N,sn) a false alarm, and (N,n) a correct rejection. 

The usual measures of performance are the hit rate 

P(sn/SN), the conditional probability of the response 

of "yes" given that the signal occurred, and the 

false alarm rate, P(sn/N), the conditional probability 

of the response of "yes," given that the signal did 

not occur. 

The four outcome probabilities sum to one, and they 

may be estimated by the relative frequencies of the occurrence 

of the observable events and the two observable responses. 

Thus the data obtained from a detector may be displayed in a 

2x2 matrix from which the hit rate and false alarm rate may 

be determined. 
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3.3. Signal Detection Model 

The model of the detection process assumes that each 

observation Z is reduced to a value x of a scalar decision 

variable ,X, a random-variable, differently distributed 

conditional upon which event SN or N occurs. On a given 

trial, the value x constitutes the evidence upon which the 

decision is based. Thus x is distributed f(x/SN) when SN 

is the case, and f(x/N) otherwise. The mean of f(x/SN) is 

assumed graater than that of f (x/N) . 

The decision rule of the observer is assumed to be 

that if x is greater than or equal to a criterion value c, 

respond 11 sn," otherwise, respond "n." When this is done and 

when x is suitably chosen, a proper choice of cutoffs will 

optimize decisions for a variety of criteria such as maxi

mizing expected utility, maximizing the probability of a 

correct decision when the error rate is fixed, etc. The 

decision rule is potentially optimal when x is monotonically 

increasing with the likelihood ratio of the observations Z, 

i.e., with p "*"s not necessarY for purpose of 

Response 

sn n 

SN f2 P(sn/SN) = f1/(f1+f2) 

N f3 f4 P(sn/N) = f3/(f3+f4) 



41 

measurement to assume that human performance is optimal in 

any way, only that the cutoff changes in the appropriate 

direction in response to external conditions. The hit rate 

P(sn/SN) and the false alarm rate P(sn/N) can now be related 

to the variable X. The hit rate P(sn/SN), will be the 

integral of f(x/SN), the pdf of x conditional on SN, over 

the portion of the axis for which x >_ c. Similarly, the 

false alarm rate, P(sn/N), will be the integral of f(x/N) 

over the same region. This is shown in Figure 3.1. The 

actual distributions depend on the nature of x, but in many 

cases of theoretical importance when x is monotonically 

increasing with likelihood ratio, they can be represented by 

equal variance normal distributions. For the measurement 

purposes of this research, no distributional assumptions are 

required. 

3.3.1. Receiver Operating Characteristic 

The signal detection model specifies the trade-off 

between hit rate and false alarm rate. This trade-off is 

shown graphically by a receiver operating characteristic. 

Suppose that the two conditional distributions of the decision 

variable x differ very little. This means that the false 

alarm rate will nearly equal the hit rate regardless of the 

cutoff value c. Detection performance is then near the chance 

level. On the other hand, if the two distributions differ 

considerably in their degree of overlap, the hit rate can be 



Cutoff 

P(sn/N) 

P(n/SN) 

P(sn/SN) 

^ f(x/SN) 

P(n/N) 

X 

Figure 3.1. Underlying Distributions 
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made much greater than the false alarm rate by an appropriate 

cutoff and detection performance will be nearly perfect. 

The degree of discriminability between the two events SN and 

N is determined by the degree of overlap of the two condi

tional distributions. The discriminability can be represented 

by the graph of hit rate plotted against false alarm rate that 

is generated as the cutoff value c is varied from high to low 

values of x. It is called a receiver, or relative, operating 

characteristic (ROC). Figure 3.2 shows a typical ROC curve. 

An important feature of an ROC when the decision 

variable X is monotonically increasing with likelihood ratio 

is that the slope at a point on the ROC is equal to the 

likelihood ratio L(Z) associated with the cutoff value c 

for that point. This can be shown by differentiating the 

expressions for hit and false alarm rates with respect to 

the decision variable X: 

dP(sn/SN)/dx 

dP(sn/N)/dx 

with the use of chain rule 

[dP(sn/SN)/dP(sn/N)] = -f(x/SN)/[-f(x/N)] = L(x) (3.1) 

which is the same as f(Z/SN)/f(Z/N) = L(Z). When x is not 

monotonically increasing with L(Z), the slope of the ROC is 

the likelihood ratio based on the decision variable X itself. 

= -f(x/SN) 

= -f(x/N) 
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Figure 3.2. Receiver Operating Characteristic 
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The ROC curve has a monotonically decreasing slope 

when the decision variable x is monotonically increasing 

with L(x) , e.g., underlying distributions are normal and 

have equal variance. With unequal variances, two normal 

distributions will intersect at two places and the decision 

performance cannot be optimal with a single cutoff. 

3.3.2. Indices of Detectability 

The degree of discriminability between the two events 

N and SN is determined by the degree of overlap of the two 

conditional distributions. Several measures of this 

have been proposed. If we assume that the two distributions 

are normal with equal variances, their separation can be 

described by a single parameter d' 

D, = USN * "N (3-2) 

where y is the mean and a the common standard deviation. 

When dealing with experimental data, the normal distribution 

can be fitted to it and d' used to describe the performance. 

The probabilities P(sn/SN) and P(sn/N) are transformed to 

Z coordinates, Z(sn/SN) and Z(sn/N), according to the 

relation 

P= 1 

/2tt 
-x2 exp{-|->dx (3.3) 

which is the integral of the standard normal distribution. 
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A straight line of unit slope is fitted to the points on Z 

coordinates. The index d1 is the value of Z(sn/SN) at which 

Z(sn/N) = 0.0. 

With unequal variances, i.e., a nonunit slope, d1 

cannot be used. Instead of d1, it is customary to give either 

(1) the slope S = ^ iSn/A^ = —and Am, the absolute value dZ(sn/N) agN 

of Z(sn/N) for which Z(sn/SN) = 0.0, or else (2) the quantity 

d'e, the value of d' for a graph of unity slope that inter

sects the Z-axis plot on the negative diagonal. While d' is 

the difference between the means in units of the common 

standard deviation, Am is the difference in units of the 

standard deviation of the distribution conditional on N and 

d'e is the difference in units of the average of the two 

standard deviations. 

Another measure of degree of overlap is the area 

under the ROC curve, which is the relation between P(sn/SN) 

and P(sn/N). This measure is the one adopted for use in 

the present research. It has several especially desirable 

properties and is discussed more fully in the next section. 

3.3.3. Experimental Methods and 
Signal Detection Theory 

Three types of experiments used in signal detection 

studies are discussed below. 

Yes-No Experiments (YN(FR)). The subject is presented 

with instances each of which is either SN or N, and he responds 
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by saying sn or n. The observer is presumed to respond sn if 

his decision variable x is greater than or equal to some 

cutoff value and n if it is less. This method yields only a 

single point on the ROC. But other points can be obtained 

by inducing the subject to change his cutoff. 

Rating Experiment. The subject responds with an 

indication of the relative value of the scalar decision 

variable that results from the observation. This makes it 

possible to infer the ROC curve that would result from 

decisions based on the use of a cutoff on that variable. 

For example, subjects are presented with instances of SN or 

N and are asked to respond with a number, r = 1,2,3,4, or 5, 

depending upon how certain they are that the presentation is 

SN; "1" for "quite certain it was N," and "5" for "quite 

certain it was SN." If it is assumed that decisions are to 

be made using a single cutoff on this axis, an approximate 

ROC can be generated by taking each of the response categories 

in turn as a cutoff and calculating the hit and false alarm 

rate for it, using the relative frequencies as approximations 

to the conditional probabilities. The hit and false alarm 

rates are then found from 

5 
P(sn/SN)j = Z P(i/SN) 

i=j 
(3.4) 

5 
P(sn/N)j = I P(i/N) 

i=j 
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in which 

P(i/SN) = The number of responses "i" when SN is the case 
The number of times sn was the case 

P(i/N) = T̂ e number of responses "i" when N is the case 
The number of times N was the case 

or, in other terms, if the frequency of the ith response under 

condition SN is m. , then the jth ROC point has coordinates 
J- OiN 

P(y/sn)j 

If there are five response categories, there are four 

cutoff points, x^/ ~&2 ' x3 ' x4 ' such that the subject would 

respond: 1 if x < 2 if x1 < x < x2; 3 if x2 < x < x3; 

4 if < x < x^; 5 if x^ < x. Thus, the X scale is parti

tioned into 5 mutually exclusive connected regions. This 

method yields a point on the ROC for each cutoff point. 

Two Alternative Forced Choice Experiment. In the two 

alternative forced choice experiment, the observer is presented 

with two stimuli on each independent trial. One of these is 

SN and the other is N. The order of these two types of stimuli 

changes at random from trial to trial; the observer must 

respond with which stimulus is SN and which one is N. It is 

.^.miSN 
= 1=3 

J/iSN 

. IN 

5 

•I - m  

P (sn/N) . = 

l m. 
i=l iN 



assumed that the subject selects as SN the stimulus that 

produced the larger value of the decision variable X. This 

is optimal if X is monotonically increasing with the likeli

hood ratio for the observation. 

In this research, the rating experiment has been 

used. The main reason being that one can obtain ROC curves 

from these ratings, and from the ROC determine A, the area 

under it as a nonparametric measure of detectability. Green 

(1964) derived a proof that, assuming the model, the area 

under the ROC curve obtained with the Yes-No experiment is 

equal to the percentage of correct responses in the two 

alternative forced choice experiment. This prediction has 

been empirically verified in a recognition memory task 

(Green and Moses 1966) and in an auditory signal detection 

task (Emmerich 1968). Green's most important finding was 

that no assumptions had to be made about the form of the 

conditional distributions or the decision variable x. 

Pollack and Hsi<=> h (1969) studied the sampling dis

tribution of A by means of simulation experiments. To a 

good approximation, A was normally distributed. They also 

found that the binomial variance of the proportion correct in 

a two alternative forced choice experiment of N items, 

A(l-A)/N, was always larger than the variance of the area 

under the ROC obtained from the simulated rating experiments. 

The relation between the variance of A and that of the 

binomial variance can be approximated 
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var(A) 21 V(A) = f2 (A) [A(l-A)/M] (3.5) 

The function f (A) is nonlinear but can be linearized for 

the case of .5 < A < .95 and M = 4 0 as 

F(A) % .75 - .3A (3.6) 

The quantity M is half the number of stimuli in the 

rating experiments and equal numbers of SN and N stimuli 

were used. The effects of unequal numbers and different 

values of M have not been explored. The variance is probably 

less for larger M and greater when the numbers of the two 

types of stimuli are unequal. It is, however, not sensitive 

to distribution type. The approximation of (3.6) is used in 

lieu of a better one. 

The experimental paradigm then can be classified as: 

(1) Present subjects with questions or problems the 

answers to which can be scored as correct or incorrect. A 

clear distinguishable dichotomy is essential. 

(2) Require the subjects after answering each ques

tion to give their confidence that they are correct, that 

they know the answer to the given question, in the form of 

probability, relative odds, or a verbally defined category 

representing an interval on a scale of certainty. The objec

tive is to obtain a value indicative of their subjective 

feelings. 

(3) Score the problems and obtain the empirical 

conditional distribution functions of equation (3.4). 
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(4) Compute for each subject the measure A of the c 

area under the ROC curve for correctness of responses and 

the proportion of correct answers P(c). 

(5) The value of P(c) is interpreted as a measure 

of how much the subject knows about the material tested and 

Ac, the detectability of correctness, is interpreted as a 

measure of the degree to which the subject knows that he 

2 knows (K ). 

The sampling distribution for A given by Pollack and 

Hseih (1969) provides a basis for determining the number of 

questions to be asked in using A as a measure of knowing that 

one knows. If it is desired to discriminate differences in 

A of an amount D, with a given confidence level, equations 

(3.5) and (3.6) can be used to estimate the number N of ques

tions that must be asked. For A = .77, D = .05, and 2-sided 

confidence of 95%, N = 2M = 106. In general, an effort has 

been made to keep N as large as possible, 100 to 200, but 

circumstances often prevented the use of such large sample 

sizes. When average group performances are being compared, 

such large samples are not needed. 

3.4. The Decision Variable Partition Model 

Ferrell (1972) proposed a signal detection measure of 

knowing what one knows, a measure of the extent to which one 

can distinguish what one knows from what one does not. Ferrell 

and McGoey (1980) proposed a model of subjective probability 
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calibration in which knowing that one knows has a specific 

interpretation. This model will be briefly described to 

motivate the result. 

3.4.1. A Brief General Description 
of the Task 

Assuming that answers to questions are right or 

wrong, the ability of the person to distinguish right from 

wrong answers as measured in accordance with signal detection 

theory is presented. It is assumed that each question-answer, 

or stimulus-response pair generates a realization y of a 

random variable which has a larger mean when the answer or 

response is right than when it is not. The variable y which 

can be called "plausibility" or "apparent truth" in the case 

of questions and answers is used to generate a decision vari

able X. The separation between the distributions of X for 

right and wrong answers is measured by the signal detection 

measure A . c 

To measure the detectability of correctness and thus 

the extent to which one knows that he knows, one has to 

assign subjective probabilities or at least ratings that he 

has rightly performed a task, truthfully answered a question, 

or stated a proposition, or otherwise appropriately responded 

to the stimulus. There are two parts to this: (1) attempting 

to detect whether or not the response was correct, and (2) 

assigning a numerical value on that basis. The numerical 

probability is assumed to be determined by partitioning the 
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range of the decision variable into intervals with a set of 

cutoff values {x^}. Then the set of m allowable probability 

responses is mapped onto the intervals with higher values 

of rgoing to higher values ofx. One then gives the probabil

ity response r corresponding to the interval into which the 

observed value x falls. Figure 3.3 illustrates the point. 

The simplest task type, conceptually, is one in which 

the respondent supplies an answer to a question such as "What 

is absinth?" and gives a probability r on the full range 

[0,1] that he is correct. This is the same as the signal 

detection task with a rating response. In this case, the 

value y presumed to be generated is a measure of certainty, 

and the decision variable X by which one would decide whether 

the answer is correct is the same variable. 

In such cases, when respondents supply their own 

answers, the detectability Ac is a measure of how well the 

respondent can distinguish correct from incorrect responses, 

and it is potentially independent of the proportion of correct 

answers P(c). In the two alternative forced choice task in 

which a question is given along with two answers and the 

respondent has to choose one, A and P(c) are not independent, 

because the separation of the distributions determines P(c). 

3.4.2. Experimental Test of the Independence of 
Knowing and Knowing that One Knows, i.e., 
of P(c) and Ac 

When answers are supplied by the respondent and his 

response is his confidence indicating that he is right, the 
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model says that the ability to generate correct answers and 

the ability to distinguish correct from incorrect answers are 

independent attributes. The following experiment was done 

to test this (Ferrell and McGoey 1980): 

Subjects were volunteer students in three 
engineering courses. On examinations, after working 
or attempting each problem in two of the courses, or 
after reading but before attempting any problem in 
the other, each student recorded on a prepared sheet 
separate from his answers an estimate of his confi
dence that his answers would be substantially correct, 
defined as the student's clearly demonstrating an 
understanding of the basic idea being tested by the 
problem, as judged by the instructor when grading 
the examinations and without having seen the 
confidence judgments. 

Table 3.1 summarizes the experiment. 

For each student, the proportion of correct answers 

P(c) was calculated as a measure of knowledge. In addition, 

treating the data as from a rating experiment in signal 

detection, the ROC curve was determined, and the area Ac 

under the curve was computed as a measure of knowing that 

2 they knov;. The product moment correlation r was computed 

between P(c) and A for the students in each of the classes. c 
2 The largest of the three values of r was equal to .0021 

indicating that there was no relationship between the ability 

to answer questions or do problems correctly and the ability 

to detect that one can do so. 

Since this model predicts that the ability to decide 

whether one is correct or wrong is independent of the amount 

of knowledge a person might have for tasks for which the 



TABLE 3 .1. YN(FR) EXPERIMENT SUMMARY 
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Total 
Course Students Exams Questions Responses 

Introduction 10 3 28 225 
Numerical Analysis 

Human Performance 21 3 48 967 

Probability Theory 33 1 16 522 

Total 64 7 92 1714 
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respondent has to supply the answer the research will con

centrate on that type of task. When respondents produce an 

answer for a question, they are acting the way a consultant 

does when he is asked about a problem, and indeed, that is 

the most interesting case from a practical standpoint. 

The model indicates a quantity, namely Ac, that 

should prove more valid than calibration as a measure of 

"knowing what one knows" and it gives the necessary condition, 

namely respondent supplied answers, for Ac not to be confounded 

with the proportion of correct response 'P(c). Previous 

attempts to assess knowing that one knows by Schuford and 

Brown (1S75) and Lichtenstein and Fischhoff (1977) did not 

meet either of these requirements. They used multiple choice 

tests and assessed knowing that one knows by degree of 

calibration. 

3.5. The Advantage of Being Able to Choose 
Which of the Two Questions to Answer 

It is claimed that those who know that they know 

should be able to distinguish between correct and incorrect 

answers. If they could do that, and if they had a choice of 

questions to answer, they would probably select the questions 

they could answer correctly and thus improve their scores. 

If that is the case, then one who can detect correctness 

well can maximize his performance by suitable task selection. 

Here this capacity to improve performance is analyzed, and 

the relationship between the predicted score and the actual 
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one is derived for pairwise choice between questions. In 

Chapter 4, a simulation experiment is presented which tests 

this model empirically. 

Denote by p the probability of a correct answer to a 

question and by A the area under the ROC curve for detection 

of questions one can answer correctly. Let p2(c/A,p) be 

the average probability of a correct answer for a pair of 

questions of which the person selects one to answer. Denote 

by c a question one can answer and by c a question one cannot 

answer. Each pair of questions between which there is a 

choice will be from the set {cc,cc,cc,cc}. The probabilities 

2 of occurrence of those pairs is (1-p) , p(l-p), 

2 (1-p)p, and p . The probability of a correct answer to the 

first type is zero, to the last is one, and to the mixed 

pairs it is the probability of a correct response on a two 

alternative forced choice test, i.e., A; hence, the proba

bility of a correct answer, given A and p, when there is a 

choice, is no longer p but is 

P2(c/A,p) = P(cc)0 + P(cc)A + 

P(cc)A + P(cc)1 

= p2 + 2p(1-p)A + 

P2(c/A,p) = 2pA - p2(2A-l) 



Figure 3.4 shows this relation between p and P2(c/A,p) for 

three values of A, namely, .5, .75, 1. The graph reveals 

that for a person with high detectability A, a great amount 

of improvement can result if he is given a choice (the 

greatest if p = .5). Obviously, when a person cannot dis

criminate between his correct and incorrect answers, the 

case when A = .5, he could not perform any better with a 

choice. This relationship will be explored more fully 

through simulation in the next chapter. 
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Figure 3.4. Functional Relationship Between P?(c/A,p) 
and p for Different Values of A 



CHAPTER 4 

DO THOSE WHO KNOW MORE, KNOW MORE 
ABOUT HOW MUCH MORE THEY KNOW 

4.1. Introduction 

This chapter reports on the first experiment done 

for this research. Its direct objective was to test, in the 

context of knowledge of management, the independence of the 

measures of knowing and of knowing that one knows. Although 

that question is not conceptually first, the experiment is 

described at the beginning because it serves as a good basis 

for an illustration of the experimental procedures used in 

the rest of the research and for a discussion of the prob

lems associated with it. 

4.2. Objectives 

The direct objective of this experiment was to test 

whether the amount of knowledge a person has as demonstrated 

by P(c), the proportion of correct responses, is independent 

of the extent to which he knows that he knows as measured by 

A , the ability to discriminate correct from incorrect c' 2 

answers. Dependence, however, might be conditional on the 

level of knowledge. Denote knowing that one knows by 

2 K . So,for abbreviation, this notation will be used. 

61 
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It might be that detectability of correctness is 

actually a measure of knowing the fundamentals of the field 

of knowledge. If this were true, then at low knowledge of 

an area, the detectability of correctness might depend on 

the proportion of correct responses, but at a high knowledge 

level, detectability might be relatively independent of 

proportion correct P(c). This would result, overall, in a 

nonlinear relation between Ac and P(c). 

A more general objective was to gain familiarity 

with the method of measuring Ac and the problems associated 

with it, and these are discussed below. 

4.3. Experimental Design 

4.3.1. Stimuli 

In this experiment and all other experiments, stimuli 

were the type for which respondents had to supply answers. 

The reason for considering only these types of questions is 

because this is close to the way consultants work and 

also it was noted in section 3.4 that in these questions 

P(c) and Ac are two independent attributes (Ferrell and 

McGoey 198 0) . These questions are hard to generate. If 

2 K is basically a property of individuals independent of the 

nature of knowledge, then the nature of knowledge tested is 

not important, neither is the homogeneity of the stimuli. 

2 This, however, does not seem likely; K is probably an inter

action between a person, the effects of his background and 
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training, and a particular type of subject matter, possibly 

even a type of knowledge such as memory, etc. Then one might 

need material of practical importance to the knower and need 

to be concerned with homogeneity. 

The number of stimuli must be adequate for a reliable 

measurement. The approximate calculation of section 3.5 

indicates about 100 questions per subject for a reasonably 

accurate measurement of Ac. With groups one can allow 

reduced precision of individual measurement by increasing 

the number of subjects. One also has to consider item 

difficulty for designing the experiment. It should be 

noted that in order to determine A , one wants to have 

responses in all categories of confidence rating in order to 

accurately estimate the conditional distributions. Questions 

which are too easy or too hard, will not yield to this 

procedure. It is often difficult in practical cases to have 

as many items as desirable due to varieties of constraints; 

therefore, one has to limit the number of items or subjects 

accordingly. 

In the present experiment, the stimuli were questions 

extracted from the area of managerial behavior and organiza

tional theory. A questionnaire with fill-in-the-blank type 

questions was given for which the respondents had to supply 

an answer and their subjective confidence that the answer 

was correct. For example, one question was: "The final step 
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correct answer is "choice.") 
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" (The 

4.3.2. Response Mode 

The respondent was to answer the question by filling 

in the blank and rate the response on a scale of 1 to 5, 

where 

5 indicates the respondent is quite certain the 

answer is right. 

4 indicates the respondent is fairly certain the 

answer is right. 

3 indicates the respondent is likely to be as 

wrong as right. 

2 indicates the respondent is fairly certain 

the answer is wrong. 

1 indicates the respondent is quite certain the 

answer is wrong. 

The scale of 1 to 5 was used in this experiment due to its 

simplicity. In some other experiments, subjective probability 

is used for confidence rating because the subjects in those 

particular experiments were familiar with the theory of 

probability and subjective probability. 

4.3.3. Subjects 

University students were chosen since they are in the 

process of learning and knowing and will benefit greatly from 
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exercising their ability to detect correct from incorrect 

responses as it was explained theoretically in section 3.5 

and will be demonstrated experimentally in this chapter. A 

problem that has to be dealt with is that of motivation. One 

has to be motivated enough to use all his resources for a 

higher P(c) and Ac; one could trade off the first to maximize 

the second. For example, one could, when uncertain, give a 

clearly wrong answer and a confidence of 1 rather than 

try to give a correct answer. This practice would inflate 

Ac at the expense of P(c) . 

In this experiment, there were 29 respondents who 

were undergraduate students enrolled in the College of Business 

Administration and taking a course in the field of management 

and organizational behavior. They all had at least two years 

of academic training in management theory and related fields. 

It was part of the course, but giving confidence responses 

was voluntary. 

4.3.4. Results 

Table 4.1 shows the number of estimates, the means, 

and variances of area under ROC curve Ac and the proportion 

of correct answers. Figure 4.1 shows a scatter plot of Ac 

versus P(c). Table 4.2 as an example shows the data and the 

actual values calculated for respondent 5. The ROC curve for 

that person, the area under which is the value of Ac, is 

shown in Figure 4.2. 



o 

O 

o 

GD 

0 O 

O 

G 

0 0  

o 

o w 

CD 

o 
o 

o o 

1 
.6 
P(c) 

T 
.7 

"1 
. 8 

T 
,5 

Figure 4.1. Scatter Plot of A versus P(c) 
c 



67 

TABLE 4.1. EXPERIMENT 1. THE AREA UNDER ROC CURVE AND 
PROPORTION CORRECT FOR YES/NO FULL RANGE 

TASK FOR MANAGEMENT PROBLEMS 

Subject Number of 
Number Estimates* 

1 52 
2 73 
3 89 
4 88 
5 59 
6 . 76 
7 71 
8 85 
9 62 
10 78 
11 44 
12 66 
13 66 
14 57 
15 58 
16 76 
17 67 
18 85 
19 74 
20 86 
21 75 
22 69 
23 76 
24 80 
25 90 
26 69 
27 70 
28 68 
29 59 

P(c) A_ P(c) —C 

6346 .7943 
3699 .8140 
4270 .7985 
5455 .8591 
5085 .7471 
4474 .6786 
4935 .6758 
4235 .7676 
5484 .8545 
5128 .9171 
,6136 .8225 
,5152 .8222 
6061 .8923 
,7719 .7815 
,5173 .6780 
,4737 .8212 
,5970 .6843 
,5177 .7763 
,5135 .6075 
,5814 .6828 
,6000 .8308 
,5940 .8815 
,5921 .8652 
,7500 .8133 
,7333 .7326 
,6087 .8607 
,5429 .8166 
,5441 .8195 
,6610 .8180 

P (c) = .5614 = .790 
r2 = .001 

a2 , = .0084 a2 = .0056 
P(c) A Ac 

•Students were asked to omit questions they were sure they 
could not answer. This practice was abandoned in later 
experiments in view of the observations on page 65 which 
suggest that would underestimate Ac. 



TABLE 4.2. ANALYSIS OF DATA FOR SUBJECT NUMBER 5 

Responses = 59 Area = .7471 P(c) = .5085 

Response 1 2 3 4 5 

Correct 0 0 1 2 27 

Incorrect 9 2 3 2 13 

Proportion 
Correct 0 0 .25 .50 .68 

P(RESP) .15 .03 .07 .07 .68 

P(c/C) .90 .97 1. 1. 1. 

P(c/C) .45 .52 .62 .69 1. 

P(c/C) = Probability of declaring that one's answer is 

correct when in fact it is correct. 

P(c/C) = Probability of declaring that one's answer is 

correct when in fact it is wrong. 
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Figure 4.2. The Relative Operating Characteristic 
for Subject Number 5 
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The Pearson coefficient of determination between 

Ac and P(c) is equal to .001 or almost zero, which confirms 

the previous findings of Ferrell and McGoey (1980) . It 

appears that the amount of knowledge a person holds is 

independent of ability to discriminate between correct and 

incorrect responses. The overall independence of A and 

P(c) is subjectively quite convincing in that the two 

respondents with the least and highest P(c) scores both had 

the same Ac = .81, and similarly, the two with the lowest 

and highest Ac values had the same P(c) = .51! 

To test whether the detectability of correctness is 

actually a measure of knowing the fundamentals of the field 

of knowledge, i.e., to test whether at low level of knowledge 

of an area, the detectability of correctness might depend on 

the proportion of correct responses and at high level of 

knowledge it might be relatively independent of P(c). The 

proportion of correct responses was divided into three 

categories; namely, low, middle, and high level of knowledge 

about the subject matter. It was assumed that the underlying 

distribution for P(c) was normal. Therefore, the area under 

this distribution was divided into three equal parts. Using 

the table of standard Z scores, the cutoff points on P(c) 

for the three different levels are found to be .5203 and 

.6251. All those subjects who had P(c) less than .5203 were 

placed in the low knowledge category. All those between 
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.5203 and .6024 were placed in the middle category, and those 

greater than .6024 we re placed in the high knowledge level. 

Table 4.3 shows the three different categories with 

the values of P(c) and A . Figure 4.3 shows a scatter plot 

of P(c) and A which are divided into three categories. The c 
2 coefficient of determination r was calculated for each 

level of knowledge and was equal to .02, .02, and .10. These 

correlations are insignificant and offer no support for the 

hypothesis that there is a relationship between the detecta-

bility of correctness for low or high levels of knowledge. 

Despite this fact, a t-test was run to test whether there is 

a significant difference between Ac for low level of P(c) and 

high level of P(c). Indeed, the difference found was signi

ficant. Respondents with higher proportion correct, had 

higher detectability of correctness than those with lower 

proportion of correct responses. The interpretation is that 

there is some slight evidence for a nonlinear relationship 

between Ac and P(c) which is not very strong. 

Knowing about what one knows was defined by 

Lichtenstein and Fischhoff (1977) as being well calibrated 

with an overall finding that those who know more in the sense 

of having a higher P(c) were less overconfident which, in many 

cases, made them better calibrated. The decision variable 

partition model of calibration (Ferrell and McGoey 1980) 

predicts this effect even when the responses are ratings of 
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TABLE 4.3. THREE LEVELS OF PROPORTION CORRECT 
AND ITS CORRESPONDING A 

Low P(C) Middle P(C) High P(C) 

P(C) A —c 
P(c) P(c) 

.3699 .814 .5441 .8195 .7333 .7326 

.5135 .6075 .5429 .8166 .7500 .8133 

.5177 .7763 .5921 .8652 .7719 .7815 

.4737 .8212 .5942 .8815 .6087 .8607 

.5173 .6780 .6000 .8308 .6346 .7943 

.5152 .8222 .5814 .6828 .6610 .818 

.5128 .9177 .5970 .6843 .6346 .7943 

.4235 .7676 .5484 .8545 .6061 .8923 

.4930 .6758 .5455 .8591 .6136 .8225 

.3085 .7471 

.4270 .7985 

r2 = .02 r2 = .02 r2 = .1 

P(c) = .47 P(c) = .57 P (c) = . 66 

A c 
= .76 A = 

c .810 A = 
c .812 
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confidence, rather than subjective probabilities, i.e., it 

predicts a decrease in overconfidence with increasing P(c). 

Figure 4.4 shows the calibration curves for the three sub

groups according to how knowledgeable they had been. The 

worst subjects (11 subjects with mean proportion of .47), 

the middle subjects (nine subjects with mean proportion of 

right answers equal to .57), and the best subjects (nine 

subjects with mean proportion of correct .66). This graph 

is strikingly similar to the ones obtained by Lichtenstein 

and Fischhoff. 

4.3.5. Summary and Conclusions 

The ability of a decision maker to discriminate 

between his correct and incorrect responses, to know that he 

knows, was studied by means of the signal detection model in 

which the area under the ROC curve can be an indication of 

this ability. The results revealed that 

(1) The area under the ROC curve and proportion 

of correct answers for cases in which respondents 

supply their own answers to questions are apparently 

independent attributes. 

(2) People who knew more outperformed those 

who knew less in terms of the calibration of their 

subjective confidence. They were better calibrated 

and less overconfident than those who knew less. 

The better calibration, however, is probably a 
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Figure 4.4. Calibration Curves by Subjects 
According to Knowledge 
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result of the task difficulty, and when P(c) was 

higher, the reduced overconfidence could result in 

worse calibration. 

4.4. The Effect of Knowing That One Knows on 
Performance When One May Choose Which Question to Answer 

In life, if a person can discriminate adequately 

between what he can do and what he cannot, then he will 

choose to do what he can do and consequently will perform 

well. Of course, in certain situations choices are not 

always available, and some tasks must be attempted regardless 

of whether the person can do them well or not. But if one 

has knowledge and an accurate assessment of himself, i.e., 

what his resources and abilities are, then one should be 

able to make the best use of that knowledge and those skills 

and resources. This idea stimulates the study of knowing 

that one knows. 

A somewhat artificial but theoretically important 

example is that of a test of knowledge in which there is 

choice among the items to be scored. As shown in section 3.5, 

detectability of correctness A determines in principle at 

least, the ability to increase one's score when one has a 

test with pairwise choice between items. There the following 

relation was derived, relating the score on such a test p1 

to the score p on a test without a choice 

P(c/A,p) = p' = 2pA - p2(2A-1) (4.1) 
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This section describes a test of the relation in 

equation (4.1). The results of the experiments in section 

4.3.4 were used to simulate a case in which pairwise choice 

is permitted. 

4.4.1. Procedure 

The data obtained in the experiment just described 

(section 4.3) were used. The responses of ten students were 

chosen for analysis. They were selected so that there was a 

wide range of Ac and P(c), .678 to .917 and .427 to .750, 

respectively. The simulation assumed that if a person has a 

choice between two questions, one of which he feels he knows 

better, and consequently the answer to which has, he feels, 

a higher probability of being correct, he would pick the one 

to which he would give the higher rating of confidence. 

Based on this assumption and choosing two problems at a time 

among the questions that the subjects attempted, the percen

tage of correct answers was computed. Since the percentage 

of correct answers can vary depending upon which pairs of 

questions are chosen, the whole process was repeated three 

times using different effectively random selection strategies. 

The resulting p1 values were averaged to obtain the predicted 

P'(c) . 
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4.4.2. Results 

Table 4.4 shows A the area under the ROC curve, c 

p(c) the proportion of correct responses, p' the predicted 

proportion of correct responses calculated using equation 

(4.1), and P (c), the proportion of correct responses found 
s 

by simulation. Figure 4.5 shows the graph of P (c) and O 

p'(c). The correlation r is .86. 

4.4.3. Discussion and Conclusion 

The conclusion based on the results of the simulation 

is that equation (4.1) is a good predictor of the increase 

in score to be expected with a choice of which of two answers 

to score. This is strong evidence that Ac is a valid measure 

of knowing that one knows. It meets the test of face vali

dity and that of predictive power. This ability is not being 

taught in school, or at least there seems to be no attempt 

to provide situations in which students can exercise this 

ability to an extent needed to improve it. As a result, 

they may be faced with difficulty in real-life decision 

making which is confounded by the lack of training. On the 

other hand, if the ability to discriminate between what one 

knows and what one does not is enhanced and one is given a 

chance to choose, then one could better use his discretion 

to select the best action and the result would be higher 

performance, efforts better expanded, more efficient use of 

knowledge and abilities, and in short, better management. 
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Predicted Simulated 

^c P(c) P' PJo) ^c 

9171 .5128 .720 .720 

865 .592 .767 .790 

860 .608 .778 .774 

822 .515 .675 .71 

813 .750 .866 .84 

798 .427 .572 .54 

747 .508 .631 .75 

7326 .7333 .823 .77 

684 .597 .685 .68 

678 .517 .605 .57 

P»(c) = 2pA - p2(2A-1) 
c c 
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Another aspect of the findings is that since this 

ability has b'een shown to depend, as predicted, upon A and 

there is a strong correlation between the predicted and simu

lated results, then there is strong evidence for the validity 

of Ac as a measure of knowing that one knows. 



CHAPTER 5 

FEELING OF KNOWING AND KNOWING THAT ONE KNOWS 

5.1. Introduction 

Feeling of knowing (FOK) as defined in section 2.3 

is the subjective feeling that one would recognize, if 

presented, the correct answer to a question. As described 

previously, Hart (1965, 1966) used a recall-judgment-

recognition paradigm in which subjects first took a test of 

recall of general information and then made feeling of 

knowing judgments about items they were unable to recall 

correctly. The main findings were that the proportion of 

correct recognition increased with the magnitude of feeling 

of knowing judgments. 

In this chapter, an experimental investigation of 

the relationship of feeling of knowing to detectability of 

correctness is described. The experiment (Smith 1980) was 

done by a graduate student, in consultation with the author, 

to further the research reported here and as a term project 

in a course on human performance. To examine the relation

ship, the detectability of correctness A was determined in 

the usual way with questions. In addition, judgments of the 

strength of the feeling of knowing were obtained for each 

question, correctly answered or not. The detectability of 

82 
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correct recognition A^ implied by these judgments was com

puted the same way as Ac was computed. The measure AR is a 

much more satisfactory indicator of the validity of feeling 

of knowing that the proportion of correct recognitions used 

by Hart (1966) since it is in principle independent of 

response bias and the frequency of correct recognition. 

It is also hypothesized that A < A because judgments K ~* C 

in the former case are easier than the latter. The confidence 

in correctness of an answer refers to a concrete present 

stimulus, whereas the strength of feeling of knowing refers 

to a hypothetical future encounter with unspecified, possible 

stimuli. For the same reason, a larger variance is expected 

for A . 

The experiment was divided into three sections. The 

two sections that are relevant to the purpose of study will 

be reported here. A list of 100 questions from a pool of 300 

question items was chosen from the list developed by Nelson 

and Norens (1980). The questions were selected to represent 

a wide range of recall probabilities and median FOK as 

determined by Nelson and Norens1 data. The distribution of 

questions is given in Table 5.1. First the subject answered 

each of 100 questions and indicated the degree to which they 

felt they had given the correct answer. The second part 

entailed making a judgment that they could recognize the 

right answer if it were presented among a list of words 
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TABLE 5.1. FREQUENCY OF QUESTIONS WITH 
PROBABILITY OF CORRECT RECALL AND MEDIAN FOK 

1 > P > .75 .75 > P > .5 .5 > P > .25 .25 > P > 0 

FOK* FOK FOK FOK 

f 

low med. high low med. high low med. high low med. high 

f 6 6 6 10 10 10 12 11 11 6 6 6 

where P = probability of correct recall, and 

f = number of questions 

*Feeling of knowing, the value obtained for incorrectly 
answered questions. 
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irrespective of whether they were able to answer correctly 

or not in the first part. 

5.2. Stimulus Material and Subjects 

There were 100 questions in each section to be 

answered. The questions covered general knowledge in a 

variety of topics such as science, art, literature, and sports. 

The 100 questions in the first list, ordered randomly, 

were to be answered and confidence in the answer given on a 

scale of 1-5. The list of part two consisted of the same 100 

questions which were to be responded to with a judgment of 

feeling of knowing measured on a scale of 1-5, i.e., making 

a judgment about whether the respondent would recognize the 

right answer if he were to see it among a list of words, 

irrespective of whether he was able to answer correctly 

or not in the first section. The correct answer to the 

questions was presented in a list of 200 words. The correct 

answer to the questions was present on the list as well as a 

second word which bore some similarity to the correct answer 

either semantically or by sound. An example of a question 

is: 

What term is used to mean an inability to sleep? 

In the list of answers in Part Three, Insomnia, the correct 

answer, is included. In Part Two, the subject had to attempt 

to recognize it. The test was given to 10 subjects of which 

nine returned the completed forms. 
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5.3. Results 

Table 5.2 shows the area under the ROC curve A„ from c 

the first part of the experiment and A_ the measure of 
IN. 

detectability of recognition and their associated proportion 

correct. Figure 5.1 shows the graph of A versus A . Subject 
K C 

number four was excluded since his results seem to be excep

tional, as if he had not understood the FOK judgment task. 

The correlation coefficient (r = .676) was high, indicating 

close agreement between these two variables. As was hypothe

sized in all cases, the value of A^. was less than or equal X\ 

to the value of A . The standard deviation for A„ is .04 and c c 

standard deviation for A_. is .05. There does not seem to be K 

a great difference between the dispersions of these measures 

although the omitted case was exceptional in its AR value, 

in the sense that values of A and A_ differed significantly. 
C JC\ 

5.4. Conclusion and Discussion 

The hypothesis that A_ and A measure the same ability 
K C 

is somewhat supported. The correlation between these two 

values is high and this finding supports the validity of 

as a measure of knowing that one knows. Also, the hypothesis 

that A-p. < A again was supported, reinforcing the notion of 
K — C 

the tasks they represent. Ais concerned with a realistic 

and actual situation, and AR deals with hypothetical and 

imaginary situations. No important difference was found 



TABLE 5.2. AREA UNDER ROC CURVE A AND 
P(c) FOR FIRST AND SECOND PART OF 

Answering 
Section I 

Subject A P(c) 
v 

1 .945 .76 

2 .946 .71 

3 .959 .84 

4 .906 .67 

5 .851 .72 

6 .890 .68 

7 .904 .54 

8 .876 .72 

9 .971 .72 
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PROPORTION CORRECT 
EXPERIMENT 

Recognition 
Section II 

AR P(c) 

963 .88 

847 .76 

961 .92 

662 .90 

838 .77 

904 .73 

899 .61 

810 .78 

incomplete 



A. 

Figure 5.1. The Relationship Between Measure of 
Detectability of Correctness and Detectability 

of Recognition 
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between the standard deviations for A„ and A„. The superi-
C K 

ority of Ac as a measure of knowing that one knows consists 

of its being less hypothetical and its being applicable to 

complex answers for which it would be difficult to assess 

correct or incorrect recognition. 



CHAPTER 6 

LINGUISTICALLY BASED KNOWLEDGE— 
THE CLOZE PROCEDURE 

6.1. Introduction 

Measurement of A for detection of correctness c 

requires a large number of responses as explained in section 

3.3.3. The questions should be of a nature for which the 

respondent supplies an answer, since it was shown in section 

3.4 that this type of question is the one for which P(c) and 

Ac are independent. Also, one has to control for the homo

geneity of the content of questions as much as possible, while 

at the same time have enough variation so the questions differ 

and don't test exactly the same knowledge. If one does not 

have homogeneity of content of questions, one cannot be sure 

whether she is measuring the variable under investigation, 

or whether the results obtained have been caused by some 

interaction effect between the variable of interest and other 

extraneous variables. Generating questions that take into 

consideration all these factors proves to be very difficult. 

The idea of deleting words from the text and having 

subjects to come up with the word deleted as an easy way to 

generate a large number of homogeneous questions was hit 

upon. The author soon found that this was a common method 

90 
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for studying reading and is called the cloze procedure. This 

chapter reviews the cloze method and some of the findings 

about what it measures. Subsequent chapters will detail the 

results of cloze tests in which detectability of correctness 

was measured. As far as is known, this research is the first 

application of confidence judgment with the cloze procedure. 

It is quite possible that the measurement of Ac in cloze 

tests will prove to be a useful addition to the diagnostic 

tools available to educators. 

6.2. The Cloze Procedure 

Wilson L. Taylor developed the basic concept of the 

cloze procedure in 1953 and since then, it has been widely 

used in the area of reading primarily for diagnostic purposes, 

but also for measuring the readability of text and for helping 

students learn to use context in reading. 

In Taylor's early cloze investigations, he omitted 

every fifth word, and felt that was sufficient for measuring 

readability, contingent upon a minimum of 16 cloze blanks 

per passage. In later studies, he concluded that deletion 

of every fifth word was effective, particularly for assess

ment of readability of materials, but he increased the 

number of cloze items to fifty per passage to insure what he 

felt would be a more representative sample (Jongsma nd) . 

The cloze procedure has usually been used with 

passages of 250 to 300 words long with every fifth or tenth 
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word deleted to give 25 to 60 items to be scored. The 

percentage of correct cloze items is determined by dividing 

the number of correct responses by the total number of cloze 

items on the test. The percentage of cloze items correctly 

completed by a subject can then be compared with a criterion 

scale. One example of a criterion scale is the one developed 

by Rankin and Culhane (1969) . Students whose cloze scores 

are less than 40 percent are performing at frustration level, 

i.e., the test is very difficult. Likewise, the instructional 

level would be determined by the correct replacement of 41 

percent of the deleted words and the independent level of 

the student would be the correct replacement of 61 percent 

or more of deleted words. 

As Jongsma ( nd , p. 3S) pointed out, "There appears 

to be no one universally accepted procedure for constructing 

cloze exercises. Some, of the problems facing the developers 

of cloze instruments have been determining the appropriate 

length of cloze passages, the type of deletions to be made, 

the rate of deletions, and the total number of deletions per 

passage." 

A great deal of attention has been given to the 

problems of scoring data obtained by cloze procedures. The 

generally accepted scoring method is to count as correct only 

exact replacements of deleted words, but much research has 

dealt with comparison of the scoring of synonyms with scoring 
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the exact replacement of deleted words. The results of 
* 

research related to scoring are summarized by Jongsma ( nd ) 

who states, 

The literature consistently shows the scoring of 
exact replacement to be the most objective, efficient, 
and useful scoring system to use with the cloze 
procedure. Although slightly higher reliability 
has been obtained at times using other procedures, 
such as a synonym count, the increased time and 
subjectivity necessary for such systems do not 
warrant their.use. The exception to synonym usage 
may be using the cloze procedure as a teaching 
technique. (p. 9) 

Based on the results of the many studies conducted 

with cloze as a measuring device, it is fairly safe to assume 

that cloze can be used reliably in determining how well one 

knows how to read. 

6.3. Rationale of the Cloze Procedure, A Model 

The word cloze was derived by Taylor from the concept 

of closure, the tendency for an organism to form a complete 

whole by filling in gaps in a structure. In constructing a 

cloze test, a message is mutilated by deleting certain words 

and substituting blank spaces, usually of constant length. 

It thus represents a verbal structure that requires the 

reader to supply closure. 

The rationale underlying the cloze procedure can be 

illustrated by a generalized communication model often used 

by communication engineers to represent signal transmission 

(Anderson 1970). Figure 6.1 shows a modification of this 



Source Plain text Mutilated text Destination 

Decoding Encoding 
Printed or 
spoken word 

Message sent 
by the writer 

Word blanking 
by cloze 
procedure 

Message 
received by 
the reader 

Figure 6.1. The Cloze Procedure as an Information Channel 



95 

model that is more suited to language communication. Accord

ing to this model, the transmission and reception of a message 

are essentially coding operations. The source encoder, the 

writer or author, produces a message, a passage of printed 

English. Noise, which in the present context consists of 

mutilation of the language patterns of the message, affects 

the coded message before it is received by the decoder or 

reader. To decode the message, the cloze procedure requires 

the reader to reconstruct the mutilated language patterns by 

making the most likely replacement in light of his language 

system and the grammatical and semantic cues that are availa

ble to him. If reading comprehension is defined as the 

correspondence between the semantic and grammatical systems 

of writer and reader using the same language, then it can be 

seen that the reader's performance with the cloze procedure 

reveals his reading comprehension. 

Fries (1963) identified three layers of language 

meanings: the layer of meanings carried by the grammatical 

structures, the layer of meanings carried by the lexical 

items, i.e., words, and the layer of social and cultural 

meanings. The cloze procedure relates to all three 

layers of language meanings, for as McLeod (1965) states: 

To successfully reconstruct a message requires a 
familiarity with the grammatical structure of 
English, an understanding of lexical meaning and, 
if the passages selected are concerned with a 
variety of experiences familiar in a given cul
ture, they reflect to some extent "social-
cultural" meaning. (p. 3) 
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There is some theoretical basis, then for believing that 

cloze scores measure or index reading comprehension. 

6.4. Major Findings From Using the Cloze Procedure 

The cloze procedure has been used to measure the 

reading difficulty of English for nonnative speakers 

(Carroll et al. 1959). It was shown to be a reliable 

measure of that property. Froese (1971) studied the cor

relation between intelligence (IQ), vocabulary, and compre

hension. He administered the Canadian Lorge-Thorndike IQ 

test and the Canadian test of basic skills, vocabulary, and 

comprehension subtests to 3 66 students. Words were deleted 

from passages from 12 science text books and administered 

to the subjects. Findings revealed that (1) the 12 cloze 

passages yielded a reliability coefficient of .79, and (2) 

cloze scores correlated from .64 to .86 for vocabulary and 

from .52 to .85 for comprehension. 

Jongsma (1971) studied the cloze procedure as a 

teaching device. He concluded that past research in this area 

has been rather narrowly conceived and limited in scope, and 

as a result that research evidence does not indicate the 

cloze procedure to be an effective teaching technique, 

although it might be so if better used. The research 

discussed so far reveals that: 

(1) The cloze procedure is a valid and reliable 

measure of comprehension ability. 
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(2) It is an important tool for the study of 

reading and language comprehension. 

(3) The score is correlated highly with 

intelligence. 

(4) The score is highly correlated with 

vocabulary. 

Correct response in cloze tests requires knowledge of language, 

i.e., vocabulary, grammar, and the conventions and statistical 

properties of word usage, and it requires that one be able 

to use this knowledge in a constructive fashion. It also 

requires knowledge of subject matter, but the extent to 

which it does so can be controlled by the types of passage 

selected and by the types of words deleted. For example, 

deleting only nouns and verbs gives a high correlation 

between the subject's knowledge of content of a passage and 

the cloze score; deleting only structural words correlates 

highly with intelligence measures (Jongsma nd). The 

homogeneity of items can be relatively high since they draw 

on the same knowledge base, and yet there is sufficient 

variety that individual idiosyncracies are unlikely to domi

nate the score. Production of test items is extremely simple 

and a large number of them can be responded to in a relatively 

short time without boredom. Thus, the cloze procedure appears 

to be a suitable vehicle for measuring detectability of 

correctness—knowing that one knows. 



CHAPTER 7 

KNOWING THAT ONE KNOWS: COGNITIVE SKILLS 

7.1. Introduction 

Exploring for factors that produce larger Ac led to 

the hypothesis that consciously learned skills are better 

understood, hence for them one has better detectability of 

correctness. 

The idea is that conscious attention to learning 

tends to give a more structured understanding, one that is 

more available to conscious introspection and thus is better 

able to be used for determining whether a given assertion or 

response is consistent with what one knows. 

Experiments will be reported in this chapter which 

tested the hypothesis with language skills using cloze with 

confidence estimates. The cloze procedure has been used 

extensively with native language and nonnative languages as 

mentioned before, and it was concluded that the cloze pro

cedure can be applied in nonnative languages as well as 

native language. Respondents who were bilingual took part 

in these experiments. The hypothesis is that the second 

language being learned consciously as a subject in school 

will produce higher Ac values even though P(c) values may be 

lower. The first two experiments were conducted to further 
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this research by students in a second semester upperclass 

course in models of human performance (Dukite 198 0, Al-Hameeri 

1980). Although there were variations in method of selecting 

the words to be omitted, the results obtained are in good 

agreement. The experimental conditions are presented in 

detail in Table 7.1. 

The general procedure for each experiment was the 

same. A text originally published in the native language, 

but also published in English, was used to administer a 

cloze test. Subjects tried to supply the missing words and 

gave responses on a scale of 1-5 that they were correct. 

7.2. Latvian-English Experiment 

7.2.1. Stimulus Material 

The text written in Latvian and translated into 

English is called Latuju Raksti (Latvian Design). Approxi

mately 175 words were deleted for each text. It proved to 

be a difficult test providing low proportions of correct 

responses in both English and Latvian versions. 

7.2.2. Subjects 

Six subjects volunteered to participate in the 

experiment. They were born and reared in Latvia and had 

come to the United States to attend colleges. They were all 

well educated and had a good grasp of both English and 

Latvian. They had various positions; nurse, engineer, 

educator with a Ph.D., home economist, housewife, and librarian. 
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TABLE 7.1. SUMMARY OF EXPERIMENTAL CONDITION 

Native 
Language 

Number of 
Estimates 
Per Subject 

Second 
Language 

Number of 
Estimates 

Per Subject 
Number of 
Subjects 

Latvian 176 English 181 6 

Arabic 132 English 132 5 

Farsi 163 English 163 5 
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7.2.3. Results 

Table 7.2 shows the area under the ROC curve and 

the proportion of correct responses for Latvian and English. 

There were substantially more responses of one in Latvian 

than in English and more responses of four and five in 

English. Subjects were less confident about Latvian responses. 

An explanation is that the Latvian language is very flexible. 

For example, there were instances when a verb was the 

response given, but actually a noun was the correct response. 

7.3. Arabic-English Experiment 

7.3.1. Stimuli 

An Arabic article and its English translation was 

chosen from a book entitled The Mysteries of Almsgiving by 

Al-Ghazzah. The article was called "On the Recipient, the 

Grounds for His Claim, and the Duties of Receiving." It 

dealt with concerns of the Islamic religion. This article 

was chosen since there is a standard English translation 

and the content was familiar to the subjects who were Moslems. 

Every 12th word was omitted, which amounted to 132 words 

within each article. 

7.3.2. Subjects 

Subjects were five university students from countries 

such as Saudi Arabia, United Arab Emerates, Iraq, and Oman. 

Their native language was Arabic. Some of them had more 



TABLE 7.2. RESULTS FOR LATVIAN--ENGLISH EXPERIMENT 
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English Latvian 
Subject P(c) P(c) A —c 

1 .2955 .6831 .326 .6403 

2 .2457 .6178 .2611 .6921 

3 .3179 .6458 .2584 .7243 

4 .3446 .6109 .2333 .7044 

5 .3466 .7242 .3056 .7497 

6 .2599 .6998 .2961 .7222 
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extensive backgrounds than others in the English language 

since they went to a school which was taught by American 

teachers and in which the instructional language was English. 

7.3.3. Results 

Table 7.3 shows the area under the ROC curve and 

the percentage of correct responses for the English and 

Arabic experiment. 

7.4. Farsi-English Experiment 

7.4.1. Stimulus 

A novel, The Crash of 79, was chosen, since it was 

written with relatively simple English, and it was also 

available in a Farsi translation. The same words were deleted 

in both texts and the cloze tests were administered to the 

respondents in random order to avoid a systematic practice 

effect. 

7.4.2. Subjects 

All of the subjects were Persian. They were graduate 

students in engineering and one was a graduate student in 

business administration. All of them had at least five 

years of formal training in English. 

7.4.3. Results 

Table 7.4 shows the area under the ROC curve and 

proportion of correct responses for English and the Farsi 
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TABLE 7.3. AREA UNDER ROC CURVE AND 
PROPORTION OF CORRECT RESPONSES 

Subject 
English 

A —c 
P(c) 

Arabic 
A —c 

P(c) 

1 .5076 .802 .439 .695 

2 .5985 .7484 .447 .7559 

3 .5833 .6152 .4394 .6773 

4 .5303 .7603 .447 .8653 

5 .6364 .6401 .3712 .7552 
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TABLE 7.4. AREA UNDER ROC CURVE AND PROPORTION OF 
CORRECT RESPONSES FOR FARSI-ENGLISH EXPERIMENT 

Subject 
English 

P(c) 
Farsi 

P(c) 

1 .2112 .6074 .3595 .7176 

2 .1963 .7077 .4724 .811 

3 .078 .7519 .3313 .8144 

4 .2654 .6578 .3374 .7387 

5 .2441 .7612 .3174 .76 
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language. Both texts were rather difficult, and that seemed 

to be the cause of a low P(c) . The subjects used all 

categories of confidence ratings frequently. 

7.5. General Results and Discussion 

Although the cloze score does not distinguish the 

native from the second language, the detectability of cor

rectness does. In fact, for 86 percent of the subjects, 

A was greater for the native language than for English; 
v 

while for only half of the subjects, a chance proportion, 

was the cloze score larger for the native language. 

The Wilcoxon Signed Rank Test was used to test the 

difference between Ac for the native language and for English 

for all'the subjects. At the .05 level of significance Ac 

is larger for the native language. The proportion correct 

may have depended on the language. There were mixed results 

for the Latvian-English experiment, where half of the 

respondents had larger P(c) for the native language. In the 

Arabic-English experiment, all of the respondents had more 

correct responses in English. The opposite was true for the 

Farsi-English experiment. Every respondent did better in 

Farsi. It is difficult to interpret these results. One 

might suspect that these differences are due to the structure 

of the different languages, relative to English and to the 

way they are translated. 
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The correlation coefficient between A and P(c) in c 

all cases was close to zero, suggesting that knowing is an 

independent attribute from knowing that one knows. 

7.6. Conclusion 

The original hypothesis that people would be better 

detectors of their correctness for those skills that are 

consciously learned was clearly not supported. Indeed, 

results were obtained that are opposite from those expected. 

Perhaps the opposite hypothesis is true. Perhaps the infor

mation that determines Ac is based on deep intuitive know

ledge that is learned subconsiously rather than being the 

product of conscious analysis and reflection. Ac has been 

found to be separate from knowledge measured by P(c), and 

the evidence from this experiment would confirm that. Know

ing that one is responding correctly in cloze is probably 

based more on an intuitive knowledge of the language than on 

the skills tapped by cloze. Ac is then more reliable than 

the cloze score as a discriminator between native and second 

languages. It is less sensitive to language differences 

that introduce variability or bias in the cloze procedure. 



CHAPTER 8 

KNOWING THAT ONE KNOWS—PERCEPTUAL SKILL 

The hypothesis motivating the experiments described 

in the previous chapter was that consciously learning a 

cognitive skill such as a second language would result in 

one's knowing more about hov; much one knows about it and 

thus having a higher detectability of correct responses in 

a test of that skill. In this chapter a similar hypothesis 

is examined for a perceptual skill, namely, auditory recog

nition of words spoken in noise. It was hypothesized that 

those who make a conscious effort to improve and refine 

skills that are normally developed without conscious aware

ness would be more skilled and also more aware of the nature 

and quality of their performance and hence more discerning 

about what they accomplished with that skill. An example of 

such a skill was thought to be recognition of sounds by the 

blind. People who cannot use their sight make a special 

effort to use their hearing to its fullest, and indeed, 

they often credit themselves and are credited by others, with 

greater skill at discriminating auditory input. 

A test was made of the hypothesis that visually 

impaired persons have a higher detectability than sighted 

persons for the correctness of their auditory recognition. 

108 
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The task was the recognition of words spoken without context 

in the presence of white noise. 

8.1. Procedure 

The physical set-up is diagrammed in Figure 8.1. 

Subjects listened to a tape using headphones and repeated the 

words they thought were presented. The output of the tape 

was mixed with white noise (i.e., having a flat power spec

trum) from a noise generator. An attempt to keep a constant 

level of difficulty for all subjects was made by adjusting 

the noise level so that the proportion of correct responses 

was near .5 on a preliminary trial of 50 words, a set of 

stimuli separate from those used in the test. The output 

of the amplifier was adjusted to a comfortable level. Sub

jects had no information about what words to expect other 

than having heard the preliminary set of stimuli. After 

hearing a word, they wrote the word they thought they 

heard and their confidence that the word they gave was the 

one recorded on the tape. They used a scale of 1-5 from 

least to most confident. 

8.2. Stimulus 

The 200 monosyllabic words of the Central Institute 

for Deaf (CID) Auditory Test W-22 constituted the set of 

stimulus words. These are divided into four phonetically 

balanced lists of 50 words each (i.e., representative of 



110 

Auditory stimulus 

Amplifier Adder Tape player 

White noise generator 

Ear phones 
Noise Signal 

Figure 8.1. Diagram of the Equipment Used in the 
Auditory Recognition Experiment 
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the range of sounds of speech). Typical words were: up, 

when, aim, pie. 

The stimuli were recorded on magnetic tape through 

a tape recorder and associated amplifier by one speaker. 

Although not trained as a speaker, he attempted to use 

accurate pronunciation and to be consistent in tone, pace, 

emphasis, and amplitude. He spoke, "say the word ..." 

followed by the word from the list. At the beginning of each 

experiment, each subject went through a trial period. In 

this period, they heard and responded to about 50 words and 

the noise level was adjusted by trial and error so that the 

proportion of correct responses was near .5. These words 

were different from the test words but were also taken from 

the CID Auditory Test W-22. 

This effort to control difficulty was only moderately 

successful since the proportion correct ranged from .34 to 

.69. As a result, the noise level for each subject is not 

by itself an accurate index of performance. 

Successive stimulus words were separated by a pause 

on the tape. This usually allowed sufficient time for 

listeners to write down their responses after each item. 

(If a subject needed more time, the tape player was stopped 

between words.) 
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8.3. Subjects 

The subjects were five sighted students and five 

blind students. The sighted students were all engineering 

graduate students. The visually impaired were students in 

the College of Education. Four were graduate students and 

one was an undergraduate. Two of them had been totally blind 

for several years after being sighted and one was born 

totally blind. One was partially sighted (i.e., he could see 

letters with a strong magnifier). All subjects said they had 

normal hearing. 

8.4. Results 

Table 8.1 shows the proportion of correct responses, 

detectability of correctness, and the relative noise level 

(on an arbitrary ratio scale) for each of the subjects. In 

spite of the attempts to make difficulty constant, P(c) 

ranged from .34 to .69. There is possibly a slight tendency 

for higher P(c) to be associated with higher Ac. The corre-

2 lation coefficient r is equal to .252 which is significant 

at the .10 level; but the highest and lowest Ac values both 

occur at high P(c). Figure 8.2 shows the scatter diagram 

of Ac and P(c). The Mann-Whitney test was used to test 

whether there was any difference between A for blind and 

sighted subjects. At the .05 level of significance, no 

ground was found for claiming that there was a difference 

between the two measures of detectability. The blind students 
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Sighted 
Subjects 

1 

2 

3 

4 

5 

Blind 
Subjects 

1 

2 

3 

4 

5 

TABLE 8.1. DATA FOR AUDITORY AND 
•RECOGNITION TASK EXPERIMENT 

A P(c) N 

.827 .6856 .03 

.7718 .588 .01 

.7602 .34 .02 

.7294 .4072 .04 

.7192 .34 .03 

.8547 .6134 .03 

.8082 .6178 .06 

.7316 .50 .03 

.7226 .435 .025 

.6753 .6146 .04 
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0=data for sighted subjects 

A =data for blind subjects 

Figure 8.2. Scatter Diagram for Auditory and 
Recognition Task 
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seem to have been better recognizers but that cannot be 

concluded unequivocally since both P(c) and the noise levels 

differed. The best performance was by a blind student with 

P (c) = .62 and N = .06; more than twice the average noise 

level of the sighted students, the best of which had a 

P(c) = .69. A rough index of recognition performance is 

NP(c) since the higher either value, the better is the 

performance. On this basis, the blind students out performed 

the sighted on the average. 

8.5. Conclusion 

The hypothesis that visually impaired are better 

detectors of the correctness of their auditory recognition 

was not accepted; sighted subjects did as well as the blind. 

The hypothesis that conscious efforts to improve perceptual 

skills leads to knowing more how well one can use them is, 

thus, not supported. 



CHAPTER 9 

EXPERIMENTS TESTING THE STABILITY OF Ac 

This chapter is concerned with whether or not the 

ability to detect correctness, as measured by area under the 

ROC for detection.of correctness of test items, Ac, is 

reliable; i.e., whether or not it represents stable and 

replicable individual performance. If a test is not reli

able, its validity must also be limited. In a given situa

tion, a test cannot have a coefficient of validity greater 

than the square root of the coefficient of reliability 

(Diamond 1959). It is known (Guilford 1965) that the pre

dictive validity of a test, other things being equal, is 

directly proportional to its reliability. The more reliable 

a test, the more valid it is and the greater the error 

variance in a test, the less room there is for common-

factor variance, and common factor variance is the source of 

validity. If we make a test more reliable and in so doing 

we increase variances in common factors, the possibilities 

for validity should be increased accordingly. 

The procedure used to examine reliability is the 

split-half method in which the whole test reliability r is 
XX 

estimated from the correlation i/2 ̂ etween t^ie scores 
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on the two halves of a test across subjects. The "Spearman-

Brown" formula is used to estimate the reliability: 

= 
2rl/2 1/2 

xx 1+ri/2 1/2 

This method is used since the individual test items must be 

aggregated to give the Ac score. 

9.1. Split-Half Reliability Procedure 

Four tests with a total of 18 pairs of half-test 

scores were used to compute reliability of Ac, the detecta-

bility of correctness. A variety of tests was used in order 

to reflect the variety of conditions and test types repre

sented by the research. They are summarized in Table 9.1. 

Tests 1 and 2 were the tests from the two parts of 

the Arabic-English experiment described in section 7.3. A 

and P(c) for odd and even items were computed for each sub

ject and are shown in Table 9.2. 

Test 3 employed the cloze procedure using text from 

the novel, Rebecca, by Daphne de Maurier. This experiment 

was conducted by an engineering graduate student (Buss 1979) 

for an upper level course in human performance. There were 

200 deleted words which were chosen at random using computer 

generated pseudorandom numbers with a uniform discrete 

distribution. Subjects were four graduate students. Ac and 
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TABLE 9.1. EXPERIMENTS FOR SPLIT-HALF RELIABILITY 

Test Test Type 

Cloze* (English-
Deletion every 12th 
word) 

Subjects 

5 native Arabic 
speaking University 
students 

Cloze* (Arabic-
Deletion every 12th 
word) 

Cloze (English novel-
Deletion randomly 
every 10th word) 

Dictionary Defini
tions with one word 
answers (English) 

5 native Arabic 
speaking University 
students 

4 native English 
speaking University 
students 

4 native English 
speaking University 
students 

*This is the Arabic-English cloze test described in section 
7.3. The same subjects performed both tests. 



TABLE 9.2. THE AREA UNDER ROC CURVE AND 
PROPORTION OF CORRECT RESPONSES FOR RELIABILITY TEST 

Experiment 1 Experiment 2 Experiment 3 Experiment 4 

Subject Odd Even Odd Even Odd Even Odd Even 

1 .812 .7752 .6576 .704 .740 .812 .811 .879 
2 .758 .699 .817 .742 .777 .789 .882 .842 
3 .594 .6452 .689 .622 .836 .743 .747 .703 
4 .5841 .6832 .720 .766 .7521 .684 .783 .799 
5 .8005 .7132 .833 .9018 

P(c) 

1 .381 .6567 .484 .424 .5488 .544 .608 .576 
2 .5938 .615 .453 .469 .4369 .544 . 666 .394 
3 .573 .582 .3939 .50 .357 .464 .48 .610 
4 .590 .697 .403 .369 .53 .525 .618 .52 
5 .530 .484 .471 .4412 

i—• 
VO 
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P(c) for odd and even items were computed for each subject 

and are shown in Table 9.2. 

Test 4, which was conducted by a student (Trandal 

1979) in a course in human performance, subjects were given 

definitions extracted from a dictionary. The subjects were 

to supply the word defined. The stimulus material consisted 

of 150 definitions, chosen so that the proportion of correct 

responses would fall within the range of .4-.6. Ac and P(c) 

for odd and even items were computed for each subject and 

are shown in Table 9.2. 

9.2. Results and Discussion 

The scatter plot of the half-test scores for. detecta-

bility of correctness Ac is shown in Figure 9.1. The 

correlation, clearly rather high, is .68, giving a projected 

whole test reliability r of .81. Figure 9.2 shows the 
XX 

scatter plot of the half-test cloze scores P(c) themselves. 

The correlation is .25 which is substantially less than that 

for Ac giving a whole test cloze score reliability of 

r = .41. Reported reliabilities for cloze tests are 
xx c 

.79 which are considered to be high (Froese 1971). Thus it 

appears that the reliability of the measure of knowing that 

one knows is greater than that of the measure of knowing. 

This is consistent with the conception of knowing that one 

knows as meta-knowledge, which should be less specific to 

actual test items than is knowledge itself. 
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Figure 9.1. Scatter Plot for Split-half Reliability 
Score for Detectability of Correctness 
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Figure 9.2. Scatter Plot for Split-half Reliability 
Score for Proportion Correct 



CHAPTER 10 

TRAINING FOR KNOWING THAT ONE KNOWS 

10.1. Introduction 

A decision maker's ability to appraise his own 

capacities, to distinguish correct from incorrect responses 

is a skill which (1) is a necessary ingredient in professional 

judgment and professional growth, and (2) is a potential 

source of information about and of guidance for his progress 

in developing skills and knowledge. This research has 

indicated, for the most part, that people are not very good 

at knowing that they know. They are frequently overconfident 

in terms of calibration, but, more important, they seem to 

be only moderately able to detect which answers or responses 

are correct. Values of A in the .9-.95 range have been c 

rarely found in this research; values in the range of .6-.7 

are, on the contrary, very prevalent. One reason may be the 

low importance placed on knowing that one knows in educa

tional settings. Students are rarely given the opportunity 

to choose those problems that they think they can solve; 

i.e., they seldom have choices on tests. The fact that they 

are not allowed to practice this skill early, during their 

educational years, may well confound their decision making 

styles later on in life; therefore, training for improved 
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detectability of correctness may be of considerable impor

tance, and experiments reported below concentrate on this 

question. 

10.2. Research Objectives 
and Experimental Design 

The objectives of the research were 

(1) to investigate whether the detectability 

of correctness, Ac, can be learned, and 

(2) to investigate whether such learning is 

transferable from one subject matter to another. 

The design involves a comparison of the change in 

detectability of correctness from pre-test to post-test 

between an experimental group subject to feedback and 

training and a control group. The two groups were approxi

mately the same with respect to education, age, and overall 

intelligence and knowledge about the subject matter. They 

were junior and senior level university students registered 

in two classes of statistics. There were 23 students in one 

class and 19 in another class. One class at random was 

designated as the control group and the other as the treat

ment group which underwent training. in a second part of 

the experiment, the generality of the effect of feedback and 

training was studied by testing whether a training effect 

can be transferred from one subject matter, in this case 

statistics, to another subject matter, psychology. 
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10.3. Part 1, The Effect of Feedback 
on A Statistics Subject Matter 

C —; 

10.3.1. Procedure 

The subjects of the two groups in part 1 were pre

sented with problems in statistics, the answer to which is 

either correct or incorrect. Therefore, this is a suitable 

situation for measuring the detectability of correctness. 

Each student, after answering the problems, estimated his 

or her chance of success by providing his or her subjective 

probability of correctness. The range of subjective proba

bility being used was between 0 and 1. The students were 

instructed to give their subjective probability that the 

answer they have given is correct. They were instructed 

beforehand in the meaning of this kind of response and urged 

to try to be well calibrated. 

10.3.2. Stimuli 

There were 213 statistical problems on each of the 

pre- and post-tests, but most subjects did not do all of 

them. The problems were presented at intervals as homework, 

quizzes, and exams. The pre-test consisted mostly of review 

and elementary material; the post-test consisted of material 

to have been learned in the course. The score, P(c), in 

the test was the proportion of correct responses. The 

measure of detectability, Ac, was the area under the ROC 

curve obtained using their subjective confidence judgments. 
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10.3.3. Feedback and Training 

After the pre-tests had been completed, the results 

were computed and given to the subjects in the treatment 

group. The results included the proportion P(c) of correct 

responses, area Ac under the ROC curve, the percentage of 

time that each probability response category was used, as 

well as the calibration value P(c/r) for each category. The 

author spent half an hour with each subject in the experimen

tal group discussing the problems, his calibration, and his 

detectability of correctness. Also discussed was how this 

measure revealed how much he knew about his knowledge of the 

subject matter. No feedback of this kind was given to the 

control group. In the post-test experiment, problems that 

were very similar in nature to the ones attempted 

in the pre-test, but dealing with more advanced topics, 

were given to the students of both groups. 

10.3.4. Results of Part 1 

There were a total of 4300 responses, and the results 

of pre- and post-test proportion of correct responses P(c) 

and Ac detectability of correctness are shown by subject in 

Tables 10.1 and 10.2. To test whether there was a signifi

cant change in detectability of correctness after training, 

the sign test was employed, since the concern was with 

whether an improvement occurred rather than with the size of 

it, if any. The data consists of Ac before and after training. 
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TABLE 10.1. EXPERIMENT 1 
TREATMENT GROUP (SUBJECTS WITH FEEDBACK AND TRAINING) 

Before Feedback After Feedback 

Pre-test Post-test 

Subject Number of A  Number of A P (c) Number Responses 2£ P(c) Responses c P (c) 

1 86 .8036 .8372 52 .641 .6731 

2 122 .6146 .8607 26 .62 .69 

3 108 .7006 .8982 86 .7354 .6861 

4 100 .7429 
00 • 66 .735 .7273 

5 101 .50 .7525 79 .6028 .3924 

6 74 .7402 .8243 76 .776 .5395 

7 105 .5835 .7810 146 .7406 .6438 

8 122 .6393 .8279 148 .6985 .7162 

9 127 .7024 .8189 124 .66 .5645 

10 139 .4849 .9497 85 .69 .9412 

11 86 .5539 .8721 96 .622 .5729 

12 113 .6436 .8053 117 .4727 .6410 

13 125 .6623 .7448 169 .6930 .6864 

14 117 .7568 .7778 81 .5461 .5185 

15 93 .7074 .7742 131 .7539 .6336 

16 71 .6781 .7042 66 .5445 .6818 

17 63 .5463 .8572 109 .5669 .8165 

18 112 .5677 .8214 179 .7256 .7654 

19 152 .5975 .7040 142 .6489 .6761 

20 148 .5041 .7162 55 .7162 .72 

21 213 .6874 .7747 34 .8869 .8235 

22 119 .6301 .7395 28 .958 .7857 

23 72 .7445 .8333 102 .688 .6373 
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TABLE 10.2. EXPERIMENT 1 
CONTROL GROUP (SUBJECTS WITH NO FEEDBACK AND TRAINING) 

First Period Second Period 

Pre-test Post -test 

Subject 
Number 

Number of 
Responses A c P (c) 

Number of 
Responses A c P(c) 

24 128 .6858 .8750 83 .5595 .494 

25 102 .5635 .8726 152 .8238 .7829 

26 127 .7433 .7795 77 .84 .5585 

27 114 .7047 .8684 69 .6958 .7246 

28 120 .6915 .85 13 .5238 .5385 

29 142 .5837 .7676 65 .50 .7385 

30 128 .6193 .8833 135 .672 .7408 

31 103 .7155 .8155 39 .3314 .6602 

32 106 .4743 .7642 40 .4331 

in • 

33 129 .8925 .6585 109 .6841 .6606 

34 81 .7885 .8025 48 .8031 .8542 

35 104 .8792 .9327 159 .6490 .8994 

36 135 .6668 .9037 68 .6236 .6177 

37 136 .5849 .8456 123 .5643 .6016 

38 82 .5714 .7439 141 .7856 .5958 

39 109 .6756 .8073 62 .6224 .4839 

40 85 .5527 .7647 29 .7952 .5173 

41 108 .5219 .8611 123 .7214 .65 

42 108 .7006 .8982 86 .7354 .6861 
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For each subject, Ac£2 (area under ROC curve for post-test 

experimental data) and A , (area under RiDC curve for pre-c £ j> 

test experimental data) are compared, and the pair is classi-

fied as "+» if Ace2 > Actl and if < Acel. The 

hypothesis can be stated as 

h 0 !  P(Acel 4 Ac e 2 »  i P(Acel > Ace 2 >  

Hl= p(Acel 4 AcE2> > P(Acel > Ace2> 

For the sign test, one assumes a binomial process and tests 

to see if the number of + signs is too large to be accounted 

a chance event; i.e., whether it has a probability of .05 or 

less. The result of the analysis showed that Ac has improved 

after training. Although positive changes in Ac were found, 

the amount of that change was not very large. 

In order to test whether the change that occurred 

after feedback could be due to other factors than feedback, 

the sign test was used to test for a similar change for the 

control group. The results indicate that at the 5 percent 

level there is no significant difference between those two 

values of Ac, and, therefore, the change that has occurred 

after feedback can be attributable to it. 

However, the determinants of Ac are not known, and 

thus it is not surprising that the rather generalized feed

back and exhortation provided was not especially effective 

in improving A . The effect of adequate feedback on cali

bration is known to be substantial, however (Lichtenstein 
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and Fischhoff 1979) . Since calibration was stressed in the 

feedback sessions, one can gauge the overall strength of the 

feedback by its influence on calibration. 

On close examination and comparison of calibration 

curves on the post-test following feedback and on the pre

test before feedback, one could clearly tell there was not 

appreciable improvement, and it is concluded that the feed

back was not very effective in that respect; insufficient 

time was given to it, and perhaps its importance was perceived 

as slight by the students, or not taken advantage of. A 

significant improvement in Ac across subjects coupled with 

only a weak component in Ac for individual subjects can be 

attributed to motivational factors. One can argue that the 

students improved their detectability not because they 

learned how to do better, but because they were motiva

ted to perform as well as they could with their limited 

ability. 

10.3.5. Discussion 

A slight increase was found in Ac for the experimen

tal group after feedback and no change for the control group. 

Training is expected to be effective in improving the 

detectability of correctness. Although the result of the 

experiment does not provide strong evidence for this asser

tion, individual consultation with students made it clear 

that they felt they had improved. The question of why the 
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feedback has been beneficial is an open question. The fact 

is that too little is known about this ability to enable one 

to teach it effectively. It is concluded that feedback has 

been helpful, but why it has been so is not clear. 

10.4. Part 2, Generalization of the Effect 
of Feedback to Other Subject Matter—Psychology 

10.4.1. Procedure 

The second part of the experiment was conducted to 

test the hypothesis that improvement of detectability of 

correctness in one subject area will generalize into other 

areas. This issue is important from both a theoretical and 

practical point of view. Theoretically, one wants to know 

if the skill is a general one. Practically, one needs to 

decide the context in which to attempt to teach it. In the 

first part of the experiment it was shown that training had 

some positive effect. The purpose of this experiment is to 

see whether such learning is transferable from one subject 

matter to another; in particular, from statistics to the 

field of psychology. Four subjects happened to be registered 

in the statistics class and also in a psychology class at 

the same time and were willing to participate in both experi

ments. These four subjects took statistical pre- and post-

tests as well as psychology pre- and post-tests. They were 

given feedback about their performance only for the statis

tical tests as described in section 10.3. There was no 

feedback about psychology items. 
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10.4.2. Stimuli 

The questions were about psychology. They were the 

"fill in the blank" variety and can be categorized as memory 

questions. There were 167 questions for the pre- and 

post-tests. 

10.4.3. Results 

Table 10.3 shows the results of the experiment for 

those four subjects who took both the statistical and 

psychology tests. The results include area under the ROC 

curve Ac and proportion of correct responses P(c) before 

and after feedback. 

One does not need a statistical test to see that the 

experiment has not successfully shown transfer. Although 

three of the four subjects improved on the statistics test 

and the average Aincreased from .58 to .67 following feed

back, just as many subjects improved as did worse on the 

psychology test, and the average area declined slightly from 

.74 to .72. It was a weak experiment since there were so 

few subjects, but such evidence as there is suggests no 

transfer. 

10.5. Conclusion 

These experiments had two objectives, first to find 

out whether the ability to detect correctness can be improved 

by feedback and second to find out whether such feedback 

about performance on statistical problems (a deductive task) 



TABLE 10.3. TRANSFER OF DETECTABILITY OF CORRECTNESS SKILL 
FROM ONE SUBJECT MATTER TO ANOTHER SUBJECT 

Subject 
Number 

1 

3 

6 

7 

Experiment 2 
Psychology Test 

Before 
Feedback 

c 

,7596 

7175 

7057 

7593 

P(c) 

.39 

.4065 

.2839 

.5127 

After 
Feedback 

A c 

.7839 

.823 

.6503 

.6339 

P(c) 

.3712 

.6559 

.4013 

.5786 

Experiment 1 
Statistics Test 

Before 
Feedback 

c 

,6623 

,5219 

,5975 

,6668 

P(c) 

.7440 

.8611 

.7040 

.9037 

After 
Feedback 

A c 

,693 

,7214 

,6489 

.6236 

P(c) 

.6864 

.6504 

.6761 

.6177 

CJ 
(jJ 
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would carry its effect to a different type of task, i.e., 

psychological questions (a memory task). It is concluded 

that feedback has some positive effect but that there did 

not seem to be transfer of training to the other area. The 

ability to detect correctness is as yet little understood. 

One cannot teach well what one does not know well. The 

question of why feedback works is an open question, but it 

is probably mostly motivation in the present case. It is 

the belief of the author that studies of transferability of 

skill should wait for more specific knowledge about this 

particular skill so that a more discerning experiment can be 

designed. 



CHAPTER 11 

GENERAL CONCLUSIONS 

The work reported is research into a new measure of 

an ability even the existence of which has been disputed and 

about which there has been exceptionally little empirical 

research. Knowing is usually shown by answering questions 

correctly and not knowing is shown by answering them incor

rectly. Indeed, that is the major basis of testing knowledge. 

Knowing that one knows, it can then be argued, is knowing 

that the answers that are correct are, in fact, correct and 

knowing that one does not know would be knowing that the 

incorrect answers are incorrect. More generally, then, 

knowing that one knows can be considered to be the ability to 

separate or distinguish right from wrong answers when one 

has tried to answer correctly, i.e., the ability to detect 

which answers are correct. The following conclusions appear 

warranted by this research. 

(1) The overall conclusion is that knowing that one 

2 knows (K ) is a valid and real concept and Ac is an appropriate 

measure of it. It is an ability that has not been suffi

ciently acknowledged, nor have efforts been made to encourage 

its development. That neglect could, in principle, limit the 

ability to make wise decisions about applying one's knowledge. 

135 
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(2) Specific conclusions are: 

2 (a) K as measured by Ac appears to be inde

pendent of knowledge (K) as measured by P(c). 

2 (b) Ac appears to be a valid measure of K 

as indicated by prediction of the consequences of 

choice. 

(c) Ac appears to be a reliable measure by 

split-half methods, even more reliable than the 

cloze score. 

(d) Ac may be trainable. It appears that one 

can learn to improve this ability, but the question 

of how to approach the problem of training is an 

open issue. 

(e) Ac is a potentially useful application in 

the field of reading and testing when employed with 

the cloze procedure. 

(f) It was found that Ac is greater for native 

than second language when using cloze procedure, and 

it was the same for visually impaired and sighted 

subjects in auditory word recognition. The conclu

sion is that conscious attention to skill learning 

does not lead to higher detectability of correctness. 

In fact, the opposite may be true; A may be a 

measure of deep intuitive understanding. 
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Although Ac has been found to be a measure of an 

important capacity to assess one's own cognition, the way in 

which cognitive structures are assessed and the determinants 

of the ability to appraise them have yet to be found. Future 

efforts need to be taken toward an understanding of the 

processes involved, and Ac is expected to provide a useful 

tool for that work. 
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