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The confidence-frequency effect:
A heuristic process explanation

Abstract: People's feelings of confidence in the correctness of their knowledge while answering a knowledge test can be
inferred in two ways: either by averaging the values of specific confidence values assigned to each item in a test (local
confidence) or by asking after the termination of the test for an evaluation of the number of correct answers regarding
the entire test (global confidence). Surprisingly, when local and global confidence values of the same test are compared,
global confidence tends to be significantly lower than local confidence (the confidence frequency effect). In the present
study a heuristic process explanation for the effect is presented and its validity is empirically tested. The global confidence
heuristic (GCH) process is based on the ability of participants to recall, after a test was completed, the frequencies of
specific confidence values which were assigned to the test’s items. Participants build their global confidence by adding
about half the number of their guessed answers, to the number of questions with sure answers. The proposed GCH process
was supported quantitatively. A content analysis on retrospective explanations provided by participants indicated that this
process was feasible. Further research is needed in order to fully explore the power of the explanation suggested here for
the confidence-frequency effect.
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Introduction when the initial level of confidence in a given hypothesis

was high, the motivation for acquiring more information in

Confidence is a feeling which emerges automatically
while accompanying most of goal-directed mental activities
(Zakay, 1997). After a mental activity was terminated (i.e.,
solving a problem, retrieving required information from
memory, making a choice, etc.), a retrospective feeling of
confidence is being felt. Peterson & Pitz (1988) defined
the feeling of retrospective confidence as a belief about the
optimality of one’s past performance. Retrospective feelings
of confidence are important in directing the course of one’s
future behavior. A domain, in which this is salient, is that
of testing people’s knowledge by multiple-choice tests.
Zakay & Glicksohn (1992) demonstrated how students’
feelings of confidence directed their behavior in such tests.
Ongoing feelings of confidence may determine whether a
specific planned task will be executed and whether or not
an ongoing activity will be stopped or continued( Zakay,
1997). Kruglanski, Peri and Zakay ( 1991) showed that

order to test the hypothesis was lower than when the initial
confidence was low.

People’s confidence in the correctness of their
answers in a test is traditionally measured in two ways:
probabilistic confidence judgments relating to each question
(“specific confidence judgments”) and frequency judgments
relating to the total of the test’s questions (“global confidence
judgments”). Specific confidence is measured by asking a
participant to assign each one of his/her responses a value on
a 50-100 probability scale (in the case of a two alternatives
questions). By assigning the value of “100” the participant
indicates that he/she is sure about the correctness of the
response. By assigning a value of “50”, the participant
indicates that the response was based on a guess. The
average of all specific confidence values is considered to
reflect the level of confidence regarding the entire test.
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Global confidence is measured by asking a participant to
evaluate the number of correct responses in the whole test.
Thus, local and global confidence should both indicate the
overall level of confidence in the entire test. Surprisingly, it
was found that when local and global confidence regarding
the same test were compared, a paradoxical state was
revealed: Local confidence was mostly higher than global
confidence. According to Hoffrage (2004), local confidence
exceeded global confidence by about 15 percent. This
discrepancy, which was termed “the confidence-frequency
effect by Gigerenzer, Hoffrage, & Kleinbolting, (1991);
or the “aggregation effect” by Treadwell & Nelson, (1996)
was demonstrated in numerous studies regarding general-
knowledge tests. (May, 1986; Griffin & Tversky, 1992;
Keren, 1991; Sniezek, Paese, & Switzer, 1990; Schneider,
1995), as well as in evaluating the quality of physical
performance in skill tasks (Stone, Rittmayer, Murray, &
Murray McNiel, 2011).

Several explanations were provided for the
“confidence-frequency effect”: Schneider (1995) as well as
Sniezek et al. (1990) proposed the Dual-Source Explanation
according to which each of the confidence judgments relied
on information concerning distinctly different issues, each
one relied on information coming from a different source.
Therefore these judgments should not be expected to yield
similar results. This explanation is not accounting for the
effect since it is vague and too general.

Keren (1991) argued that as specific confidence
was restricted to a 50-100 scale (In double-choice questions)
and the global confidence scale ranged between 0-100, a
discrepancy between both judgments was not inevitable.
Indeed, when below-chance judgments were excluded
from the analyses, no difference between local and global
confidence was found. However, that explanation was
not supported in all experiments (e.g., Sniezek, Paese &
Switzer, 1990)

Liberman (2004) suggested that the confidence-
frequency effect stemmed from participants’ failure to
understand that when guessing (In binary tests) they still
had a 50% chance of being correct. In one experiment,
participants answered double-choice questions, and scored
their confidence in the correctness of each answer (specific
confidence). Global confidence was judged differently in
each experimental group: participants in the “unrestricted
group” answered the question: “what percentage of
questions have you answered correctly?”” while participants
in the “restricted group” were additionally told that “Your
estimate should be 50% or higher, because if you were
to answer at random about 50% of the answers would
be correct” (Liberman, 2004, p. 729). It was found that
global confidence was lower than local confidence in the
“unrestricted” group, but was higher than local confidence
in the “restricted” group.

Griffin & Tversky (1992) proposed a resembling
explanation as they found that participants reported as
correct (global confidence) only the items they knew with
certainty, and did not include any items they guessed. Some
participants added an alternative explanation that proposed
that unlike specific confidence, the global confidence

reflected the difficulty of the test. Griffin & Tversky as well
asLiberman’s explanations are partial, since they refer to
one category of responses only.

Griftin & Buehler (1999) conducted an experiment,
in which participants were asked to answer 20 general
knowledge double-choice questions and rated their specific
and global confidence. The researchers additionally asked
the participants to explain in writing how they evaluated
their global judgment. The confidence-frequency effect
was revealed, namely, participants were overconfident in
their local confidence, and underconfident in their global
confidence. Analyses of the verbal explanations provided
by the participants enabled the identification of three
strategies by which global confidence judgments were
obtained. Two strategies were based on specific confidence
judgments. According to one strategy, participants rated
their global confidence as the number of questions for
which they assigned the specific confidence value of 100,
while ignoring all other answers. The size of the confidence-
frequency effect for this group was the biggest. According
to a second strategy participants counted the number of
answers for which they assigned fairly confident values and
to this they added a number of questions to account for the
answers they guessed. The size of the confidence-frequency
effect in this group was smaller than that found in the former
group. A third strategy, which was not based on specific
confidence values was to evaluate global confidence on
the basis of cues like the felt difficulty of the test, the
participants’ belief in their knowledge and their experience
in answering similar tests. The size of the confidence-
frequency effect in this group was minimal.

The global-confidence heuristic (GCH) process

Based on Griffin & Tversky (1992), Griffin &
Buehler (1999), and Liberman (2004), and in accordance
with Gigerenzer et al. (1991) who suggested that specific-
confidence ratings could serve as relevant cues to global
confidence ratings, we propose that when participants
are called to perform global confidence judgments
regarding their performance in a test, they use a heuristic
process which we call the global-confidence heuristic
(GCH) (Fleisig, 2005; Zakay & Fleisig, 2009; 2011). The
proposed GCH process is composed of the following steps:
participants retrieve the frequencies of responses according
to categories of specific confidence values which were
assigned during a test. The number of responses which were
assigned specific confidence values of 100 (sure answers)
are stored in memory. To this value, about half of the
number of responses to which specific confidence values
of 50 were assigned (guesses) is added. The obtained value
is considered to reflect the requested global confidence. For
example, suppose that a participant was presented with a
forced choice test, composed of 10 binary questions. The
participant assigned specific confidence values of 100 to
three responses and specific confidence values of 50 to other
four responses. Our participant assigned to the remaining
three responses specific confidence values of 70. When
requested to evaluate her global confidence (the overall
number of correct responses), the participant counted as



IS

38

www.czasopisma.pan.pl P N www.journals.pan.pl

Fleisig Dida, Zakay Dan

correct al three sure responses (100) and added two of the
four guessed ones, while ignoring the rest, thus reaching the
value of 5. (Note that the value of local confidence which
is the average of the specific confidence values is, in this
case, 7.1). This heuristic process reflects a naive theory
according to which all answers which were assigned a
specific confidence value of 100 are correct and about 50%
of the answers which were guessed should also be correct.
Liberman (2004) found that not all participants considered
guessed questions. In such a case, and in accordance with
the first strategy identified by Griffin & Buehler (1999),
the GCH process would be comprised only of the first
step described above, namely, counting the number of sure
answers. It is clear that the GCH process is not imposing
high mental load on participants, since it does not require
accurate calculations.

The explanation of the confidence-frequency
effect, according to the Global-Confidence heuristic
process is that the global confidence judgment reflects
under-representation of answers that were not assigned with
high confidence scores. When subjects count as correct all
the “certain” answers but do not allocate a high enough
probability for the correctness of the other answers, about
which they felt less confident, and thus do not count some
of them as being correct, global judgment is, eventually,
lower than the average of the specific confidence judgments,
i.e. local confidence, hence resulting in the confidence-
frequency effect.

The aim of the present study is to validate the
proposed heuristic process. In order to do so, the following
three hypotheses should be empirically supported: 1). The
confidence-frequency effect will be found. 2). Participants
can retrieve their specific confidence judgments and the
frequencies of the judgments after a knowledge test was
completed. 3). Participants will describe the process by
which they evaluated global confidence values and this
process will reflect the GCH process. It should be noted
that validating the second hypothesis is crucial, and this is
directly tested for the first time in the presents study.

Empirical testing of the GCH process

The proposed heuristic process describes the way
participants evaluate their global confidence — by way of
relying on their specific confidence judgments.

The purpose of the experiment was to validate the
GCH process by prooving participants’ ability to recall the
frequencies of their specific confidence judgments, and to
demonstrate their use of the proposed heuristic process.

Method

Participants:

40 students (7 males and 33 females) participated in
the experiment, as partial fulfillment of course requirements.
Mean age was 22.6 years (ranging between 18 to 30 years;
sd=2.27). All participants were naive as to the purpose of
the experiment.

Materials:

General knowledge test: a general knowledge test
comprised of 40 binary items was constructed. (Examples of
questions asked are: a Spanish island in the Mediterranean
sea is: 1. Ibiza or 2. Bermuda.; The author of “The Satanic
Verses” is 1. Salman Rushdie or 2. Nagib Mahfuz.). No
misleading questions in terms of a confounding between
familiarity and accuracy (for example: the capital of
Switzerland is Bern, but Zurich is much more familiar)
were included. All questions had a correct answer and the
questions represented topics which are taught in Israeli high
schools (e.g., history, geography, etc.).

Procedure: The experiment was conducted with an
IBM Pentium PC. Following Allwood, and Montgomery
(1987). The subsequent instructions appeared on the
computer screen: “you will be presented with questions
having two alternative answers, marked by the numbers
1 and 2. You are asked to choose the correct answer by
entering the number of that answer on the keyboard. After
you have answered, you will be asked to rate the degree of
your confidence in the accuracy of your answer on a scale
that ranges between 50 and 100. A score of 50 expresses a
guess and a score of 100 expresses complete confidence in
the correctness of your answer. The scale ranges between
50 and 100 because if you choose a score which is lower
than 50 to mark a certain answer, it means that you believe
the second answer should get a score higher than 50. If this
is the case, then you were supposed to choose that answer
as the correct one. You may use all values between 50 and
100, with higher values expressing higher confidence”.

After a participant completed answering all 40
questions, the following instructions appeared on the screen:
“How many questions, out of the 40 you were presented with,
did you, in your opinion, answer correctly?”’the participant
entered any number between 0-40, which reflected his/her
global confidence.

In the next step, participants were asked to write on
a paper an explanation describing the way they evaluated
their global confidence. They were asked to be as accurate
and detailed as possible.

After completing the written explanation, the
participant was presented with a table consisting of 2
columns and 10 rows. The heading on top of the first (on the
right) column was: “confidence score” and the heading on
the second column (on the left) was “number of questions”.
The instructions were: “in the following table you are asked
to write the confidence scores you assigned all of the 40
questions in the test. For each “confidence score” (i.e. 50,
63, etc.) you should indicate the number of questions that,
according to your memory, were assigned that score. For
example, if you remember assigning a confidence score of
72 to three questions, you should write “72” on the right
column and “3” on the left’. Afterwards, the following
instructions appeared on the computer screen: “you will be
presented with categories of confidence scores. Please state
the number of questions to which you assigned a confidence
score within that category”. The specific confidence
categories appeared one at a time on the computer screen, and
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participants entered the number they remembered to be the
number of questions they assigned those confidence scores
in that category. The following seven confidence categories
(based on Gigerenzer et. Al, 1991) were presented: 50; 51-
59; 60-69; 70-79; 80-89; 90-99; and finally category 100.

To summarize, the structure of the experiment was

as follows:

1. General knowledge test including assigning specific
confidence values

2. Global confidence judgment

3. Written explanation of the judgment of global
confidence

4. Free-recall of frequencies of assigned specific
confidence values

5. Structured recall of frequencies of assigned specific
confidence values, regarding each of 7 presented
categories

Participants performed the experiment individually.
The test was self paced, and mean completion time was 30
minutes.

Results

Hypothesis 1: The confidence-frequency effect

Local confidence values were calculated for each
participant and compared to respective global confidence
values. The confidence-frequency effect was revealed,
as average local confidence was higher than average
global confidence (M=76.88, sd=6.99 and M=57.25,
sd=19.67, respectively; T-test for dependent variables 7=-
7.68, p<.0000). Participants were overconfident in their
local judgment, as it was higher than actual performance
(M=70.94, sd=10.97 in percentage ; T-test for dependent
variables 7=-3.69, p<.001). Participants were under
confident in their global confidence. (T-test for dependent
variables 7=4.90, p<.001).

Hypothesis 2: Recollection of specific confidence scores

Participants were asked to recall the frequencies
of their specific confidence scores regarding their answers
in the test in two ways: “free recollection” (filling the table
with confidence scores and their frequencies — stage 4)
and by “structured recollection” (indicating frequencies to
presented confidence categories — stage 5). Based on those
frequencies, two values of recollected local confidence
were calculated for each participant: the mean of the “free”
recalled scores (F-R), and the mean of the “structured”
recalled scores (S-R). Means and SD (in brackets) of the
actual local confidence(A-LC), and the recalled confidence
scores (F-R, and S-R) were the following: 76.88 (6.99);
75.67 (7.79); 77.47 (7.19); respectively.

The three confidence scores were compared by
ANOVA with repeated measures. No significant differences
were found (F(2, 74)=.71, n.s.).

Pearson Correlations between the values of F-R and

A-LC and between S-R and A-LC were computed for each
one of the seven confidence categories. The correlations are
presented in table 1.

Table 1: Pearson correlations between F-R, S-R, and A-LC values

Confidence 100 90-99 80-89 70-79 60-69 51-59 50

category

Correlation " " " " " *

P Rand Al A3 33 52 17 38 54¢ 48

Correlation " " " * * *

SRamdapc 76T a8t 51 14 42¢ 47* 68
Note: p<.05 *

The results support hypothesis 2. Participants were
able to recall the frequencies of the specific confidence
values they assigned to the test items, after the test was
completed. Local confidence values computed by averaging
the recalled and actual specific confidence values did not
differ significantly from each other. It is of interest to note
that the high confidence categories (90-99; 100) and the
“guess” or “near guess” categories (50; 51-59) were most
accurately recalled.

Analysis of the retrospective explanations

The analysis of the retrospective explanations was
done in two stages. In the first stage, two expert judges
extracted and defined process units reflecting basic steps in
the process, for each one of the retrospective explanations.
After comparing the product of each one of the experts, 9
common process units were defined. In the second stage,
the experts reanalyzed the retrospective explanations
and identified those process units which appeared in
each retrospective explanation. In order to permit the
completeness of the analysis, 3 more units which were
defined in previous research (Fleisig, 2005) were added,
thus amounting the total to 12 units. The compatibility
between the two experts was very high (above .90).

A note on process tracing

Part of the analyses in the experiment relies on
participants’ retrospective verbal explanations to the way
they evaluated their global confidence values. The notion
of extracting thinking processes from verbal protocols
goes back to Newell and Simon (1961). In order to gain
understanding of human decision processes, one can not
study final decisions alone, but has to examine additionally
the perceptual, emotional, and cognitive processes (Svenson,
1979; 2003; Ranyard & Svenson, 2011).Process tracing can
help in assessing what information was used in forming a
judgment (Payne, Braunstein, and Carroll, 1978). Verbal
protocols (amongst others) enable inferring the decision
strategies that were utilized by participants. (Ford, Schmitt,
Schechtman, Hults, & Doherty, 1989).

As Schulte-Mecklenbeck, Kiihberger, and Ranyard
(2011) state (p. 733): “Process models can be tested and
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evaluated in terms of both JDM behavior and process tracing
methods, which elicit and analyze observations of a range
of verbal and nonverbal antecedents and concomitants of
judgments and decisions.” The authors argue that for process
models validation process data is important, because it is
richer than input-output data and can provide important
evidence of explanatory mechanisms. In the present study,
the explanation for the confidence-frequency effect is based
on a heuristic process. Relying on process tracing methods
in order to validate the suggested heuristic process seems
relevant and justified.

Results of the content analysis of the retrospective
explanations

The process units which were extracted from the
retrospective explanations and from previous research are
represented below. Alongside each process unit a verbatim
from the written explanations is presented in brackets.

1. Referring to feelings of confidence (“/ counted the
questions according to the feelings I had, whether 1
was confident in my answer or not”)

2. Counting the questions for which a specific confidence
value of 100 was granted, and “correcting” that number
(““I think that I scored 100 in confidence regarding
about 4 questions, but I might be wrong, so I'’ll count 3
as certainly correct™)

3. Counting the questions for which a specific confidence
value of 100 was granted, yet, not “correcting” that
number (“/ scored 100 in confidence for 5 questions,
so all 5 are certainly correct”)

4. Counting the questions for which a specific confidence
value of 50 was granted and “correcting” that number
(“I guessed 6 questions, I really had no clue, yet, as
there were only 2 answers, [ have a chance that half of
them are correct, so out of the 6 I'll count 3 as correct’™)

5. Counting the questions for which intermediate specific
confidence values were granted, and “correcting” that
number (! think that regarding about 4 questions [ was
not sure, I did not guess but something in between, so 1
have the chance that 3 will be correct™)

6. A manifestation of a probabilistic thinking regarding
the specific confidence values, and “correcting” the
calculated number (“/ assume I should calculate the
sure answers, the guesses and the others according
to the probability of them being correct, because even
when I am certain I still might be wrong, and maybe my
guess was correct?”)

7. Counting questions based on specific confidence
values without “correcting” that number (“/ was not
so sure about 5 questions, but I'll assume they still are
correct”)

8. A manifestation of a probabilistic thinking not
regarding the specific confidence values(“/ think I have
the chance of half of the answers being correct”™)

9. Areference to the overall difficulty of the test (“The test
was difficult, so I might have succeeded in 4)

10. A reference to a personal capability (“/ am really bad
in geography, so let’s say 3”)

11.
12.

Pure guess (“I just guessed — 7”)
Restoring the actual answers (“there was that question
about Belgium which I think I answered Ostend, and
that question about Tanzania....”)

It should be noted that whereas process units 1-7
refer to confidence feelings, process units 8-12 are not
associated with specific confidence.

The frequencies of appearance of each process
unit across all 40 retrospective explanations are presented
in table 2.

Table 2:frequencies of appearance of each process unit across all 40
retrospective explanations.

Process unit frequency
1- referring to confidence 7
2 - counting scores of “100” and correcting 0*
3 - counting scores of “100” without correcting 15
4 - counting scores of “50” and correcting 14
5 - counting intermediate scores and correcting 2
6 - probabilistic thinking regarding the confidence scores 9
7 - counting questions based on confidence scores 4
without correcting
- Total for categories regarding specific confidence 51
8 - probabilistic thinking not regarding confidence scores 7
9 - reference to the overall difficulty of the test 0%
10 - reference to a personal capability 4
11 - pure guess 2
12 - restoring the actual answers 0%
- Total for categories not regarding specific confidence 13

Note: * added from previous research (Fleisig, 2005)

As can be seen, most explanations (51) were based
on specific confidence, whereas only 13 were not. Out of
the explanations that were based on specific confidence
judgments a pattern emerged: counting the number of
questions for which the specific value “100” was granted,
as correct answers, and counting the questions for which the
specific value “50” was granted and adjusting that number
for the global assessment. However, it should be noted that
different participants utilized different strategies. It should
also be noted that the frequencies of the added process units
in the second stage analysis was zero.

Comparing global confidence values based on the
content analysis

Participants were divided into two groups, based
on the nature of their retrospective explanations. The
“confidence” group was comprised of 29 participants
who based their global confidence evaluations on specific
confidence, in one way or another. The “intuitive-
confidence” group was comprised of 11 participants who
did not base their global confidence evaluations on specific
confidence.
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No difference (In a one-way Anova, N.S.) was
found between the two groups regarding their actual test
scores (M=71.29, sd=12.06 for the “confidence” group;
M=70.00 sd=7.82 for the “intuitive-confidence” group).
Similarly, no difference (In a one-way Anova, N.S.) was
found in their local confidence values (M=75.98, sd=7.25
for the “confidence” group; M=79.26 sd=8.13 for the
“intuitive-confidence” group). Yet, a significant difference
(in a one-way Anova F(1, 38)=5.70, p=.022)was found
between the two groups in their global confidence values
(M=52.93, sd=19.92 in the “confidence” group; M=68.63
sd=14.15 in the “intuitive-confidence” group) . It emerges
that the confidence-frequency effect is significantly higher
in the “confidence” group (M=23) than in the “intuitive-
confidence” group (M=11) (F(1,38)=5.22, p<.02).

Discussion

The picture that emerges from the joint quantitative
and qualitative analyses is the following:

The confidence-frequency-effect was obtained,
however, its size was found to be dependent on the type of
process participants utilized in order to evaluate their global
confidence. The effect was large for those participants
who were using the complete CGH process (basing their
evaluation on both “sure” and the “guesses” categories) or
partially (basing their evaluation on the “sure” category
only).

The confidence-frequency-effect was also revealed
for participants who were not relying on specific confidence
values (intuitive-confidence group) while evaluating their
global confidence, but it was much lower than in the former
group (23.05 and 10.63 respectively).

It seems that people use different strategies when
facing the need to evaluate global confidence. Most people
(72.5% in our sample) tend to rely in some way on the
CGH process, and fewer (27.5% in our sample) are relying
on intuitive feelings about the test difficulty and their past
experiences in similar tests. It was interesting to find that
despite the fact that the instructions favored numerical
estimates as indicators of global confidence, about one
fourth of the participants used another heuristic.

It is also of interest to note that relying on an
analytical process like the CGH , is leading to a less accurate
evaluation of global confidence than when relying on a pure
intuitive process. The reason is that while applying the CGH
process, people used only the most salient (i.e., 100 and 50)
categories of specific confidence values. This might serve
as an illustration for a situation in which a utilization of a
system 2 process, which demands resources (Kahneman,
2011) is less optimal than using pure intuition (system 1).

Overall, we have validated in this study the ability
of people to recall the frequencies of specific confidence
values, and to use the CGH process in full, or partially.
However, not everyone is doing so, and some are relying
on “guts-feelings”. This finding is of interest since, as was
discussed earlier, feelings of confidence might determine
one’s future behavior. Thus, being accurate in evaluation
one’s confidence is contributing to behavior’s optimality.

In the present paper it was demonstrated that confidence’s
accuracy is dependent on the type of process used for
evaluating level of confidence. A potential implication of
this is that it might be possible to educate people how to
increase their accuracy regarding their confidence. Further
research is needed in order to fully explore this idea.
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