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ABSTRACT

THE IMPACT OF MODALITY AND FEEDBACK ON REASONING ABOUT BASE
RATE NEGLECT PROBLEMS IN BEHAVIORAL AND EYE TRACKING STUDIES:
A COGNITIVE SCIENCE PERSPECTIVE

Verim, Burcu
Master of Science, Department of Cognitive Science

Supervisor: Assoc. Prof. Dr. Annette Hohenberger

September 2014, 73 pages

The base rate fallacy is a type of reasoning error which is rooted in judgements of
humans about the likelihood of some state or some event on prior beliefs and intuitions
about the representativeness of the problem while neglecting base rate probabilities of
this state or event. So far, base rate neglect problems have been presented in the verbal
modality, in the form of story scripts. The purpose of this study is to investigate to what
extent the different modalities (verbal vs. graphical) have an effect on reasoning about
these problems via providing random sampling and feedback. Eye-tracking data, reaction
times and accuracy rates of judgments will be measured. It is hypothesized that
providing the participants feedback for questions about frequency distributions along
with the direct experience of random sampling will cause a decrease in the base-rate
neglect. The results indicated a significant difference between the three experimental
groups. This study has implications for education in terms of multi-modal teaching,
learning, and reasoning.

Keywords: judgment under uncertainty, base-rate neglect, feedback, eye-tracking
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BILISSEL BiLIMLER PERSPEKTIFINDEN DAVRANISSAL CALISMALARDA VE
GOZ IZLEME CALISMALARINDA MODALITENIN VE GERI BILDIRIMIN
TEMEL ORAN YANILGISI PROBLEMLERI UZERINE DUSUNMEDEKI ETKiSI

Verim, Burcu
Master, Bilissel Bilimler Bolimii

Tez Yoneticisi: Dog. Dr. Annette Hohenberger

Eylil 2014, 73 sayfa

Temel oran yanilgisi problemleri, temelinde insanlarin problemlerin temsili hakkinda bir
durumun ya da bir olaymn olma olasiligin1 degerlendirirken o durum ya da olay ile ilgili
temel oran olasiliklarin1 gérmezden gelerek dnceden sahip olduklari inang ve sezgilerine
dayanma yatan, bir gesit diisiinme hatasidir. Su ana kadar, temel oran yanilgisi
problemleri sozel modalite ile senaryolastirilmis hikayeler seklinde sunulmustur. Bu
calismanin amaci, katilimcilara rastgele 6rnekleme fikri ve geri bildirim vererek farkli
modalitelerin (sozel ve grafiksel) bu problemler iizerine diislinmeyi ne derece
etkiledigini arasgtirmaktir. GoOz-izleme verileri, reaksiyon zamanlari ve yargilarin
dogruluk oranlar1 olgiilecektir. Katilimcilara bir 6rneklemden rastgele bir kisi se¢cme
deneyimini saglamakla birlikte frekans dagilimlariyla ilgili sorular i¢in geri bildirim
vermenin temel oran yanilgisinda diislise sebep olacagi varsayilmaktadir. Sonuglar {i¢
deneysel grup arasinda anlamli bir farklilik oldugunu gdstermektedir. Bu ¢alisma
egitimde ¢ok modlu 6gretim, 6grenme ve akil yiiriitme alanlar1 ile baglantilidir.

Anahtar Kelimeler: belirsizlik altinda karar verme, temel oran yanilgisi, geri bildirim,
g0z izleme
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CHAPTER 1

INTRODUCTION

Base-rate neglect was defined by Kahneman and Tversky (1973) as underweighting or
neglecting the base-rates and relying on the representativeness heuristic when making
judgments under uncertainty. Base-rate in this context means how likely it is that the
behaviour or trait under consideration occurs in the population in the first place.
Depending on existing beliefs to make judgments under uncertainty is relatively
effortless, fast and practical in many situations. On the other hand, it causes some
computational bias (Stanovich & West, 2003). In the past, many studies argued over
extent to which human beings are rational (Cooper, 1989; Evans & Over, 1996;
Stanovich & West, 2003). The main reason of this discussion is the finding of numerous
studies demonstrating humans’ inability to reason as properly as probability theories
suggests. For example, it has been claimed many times that the human mind does not
work in line with Bayes’ Theorem. According to the Bayes’ rule, existing knowledge
must be updated in consideration of recently acquired evidence (Welsh and Navarro,
2012). In addition, it is evident that inhibiting the improper information is a really hard
work (De Neys & Franssens, 2009). As it was the case in the current study and in many
other base-rate neglect studies, Bayesian priors may not be based on empirical data; they
may also based on other factors such as innate factors. That is, not all evidence is equal:
some evidence is empirical (i.e., changeable) and some is innate (i.e., less or not
changeable at all). This may have consequences for the updating of the posteriors, for
example, the weigths that are given to the evidence may change. In this study, the
evidence the participants encountered in the base-rate problems, the distributions related
to attitudes, the behaviors or other characteristic features of groups of people were
empirical.

Previous studies showed that people tended to ignore or significantly underweight base-
rates when they did not perceive them as causal (Ajzen, 1977; Bar-Hillel, 1980; Tversky
and Kahneman, 1980; Locksley and Stangor, 1984), and strongly associated with the
diagnostic information/description (Kahneman & Tversky, 2000). In addition, time-
pressure in decision-making tasks was found to be disadvantageous (Baddley, 1972;
Hockey, 1993; Janis & Mann, 1977) because it evokes heuristic processes (Goodie &
Crooks, 2004).

On the other hand, over past the forty years, researchers investigated varying methods
differing in their effectiveness in order to answer the question “How can humans
overcome the biases or cognitive illusions in reasoning?” (Fischhoff, 1982; Parmley,
2006). These methods comprised teaching participants how to solve problems related to



the topics probability and statistics (Kosonen & Winne, 1995), giving them instructions
written in a booklet on how to do the computations with Bayesian reasoning (Nisbett et
al., 1982) giving participants information on the subjects of cognitive heuristics and
biases (Nisbett et al., 1986; Bjork et al., 2006), presenting subjects with varying base-
rates (Fischhoff, Slovic, and Lichtenstein. 1979; Birnbaum & Mellers. 1983), and
conducting experiments with items in repetitive format (Kahneman & Tversky, 1973).
Moreover, situations were studied where the sample in the studies that the base-rate is
given from is representative (Wells & Harvey, 1977); likewise, situations where
diagnostic information is not reliable (Schwarz et al., 1991) and not indicative enough
(Ginossar & Trope, 1980). Lastly, the use of different formats — presenting the problem
using frequency instead of probability information (Gigerenzer & Hoffrage, 1995) — and
participants’ direct experience of random sampling (Gigerenzer, Hell, and Blank, 1988)
cause a significant facilitation in reasoning about base-rate problems.

Another line of research, namely eye-tracking studies along with other behavioural
experiments provided insight into the on-line processes underlying human reasoning. For
instance, Ball et al. (2006) investigated the eye-movements of participants when they
were reasoning about deductive syllogisms. These types of problems require analytic
thinking as is the case with base-rate problems. There were two conditions in these
problems: in one case the believability of the conclusion was congruent with the logical
validity of the problem; in the second case the believability of the conclusion was
incongruent with the logical validity of the problem (De Neys & Glumicic, 2008). Their
results revealed longer response times for the incongruent condition. Further findings
came from the experiments of De Neys and Glumicic (2008). They observed when
people were trying to solve conflict and neutral base-rate problems, they needed more
time to inspect either because there was a conflict between the diagnostic information
and prior probabilities or there was no clue to the answer in the descriptions.

The overarching research question of the thesis was to find out how to facilate base-rate
neglect problems such that subjects would understand and answer them better. In the
light of preceding studies, the main reason of conducting the current thesis was to
examine the impact of different modes of presentation (verbal, graphical), random
sampling and feedback on base-rate neglect problems. Accuracy rates of judgments,
response times and eye-tracking data (which comprised total fixation duration, total visit
duration, average visit duration and visit count) were analyzed.

Before the main study, two preparatory studies were conducted, (1) a rating study and
(2) a pilot study. Firstly, in order to create suitable scenarios for base-rate problems, a
group of participants rated the likelihood of categories to which the protagonists (the
person whose individuating information was given) belongs to. Then, 18 base-rate
problems, 6 from each condition (no-conflict, conflict, neutral) were chosen and
presented in each experimental condition. Secondly, a pilot study was conducted with
the purpose to examine the effects of different modalities (verbal vs. graphical) on
reasoning about base-rate problems. In particular, it aimed to find out if graphical
presentation of the crucial probability information, prior to or simultaneously with the
verbal problem statement, improved proper reasoning about base-rate problems in
comparison to the classical verbal-only presentation mode.



Hypotheses for the pilot study were as follows:

H1: The graphical presentation of the crucial probability information, prior to or
simultaneously with the verbal problem statement, will improve proper reasoning about
base-rate problems in comparison to the classical verbal-only presentation mode.

H2: The graphical presentation of the crucial probability information, prior to or
simultaneously with the verbal problem statement, will improve proper reasoning about
base-rate problems in comparison to the irrelevant picture condition.

The pilot studies led to the main study by providing clues about changing the structure of
the graphical presentation of the crucial probability information. The purpose of
conducting the main study was to find out whether understanding the nature of random
sampling, presenting the crucial probability information in a frequency format rather
than as a probability statement along with feedback for the judgments will help solving
base-rate problems. All participants made judgments about eighteen base-rate problems
(six no-conflict, six conflict, six neutral) in three experimental groups (No feedback;
Feedback; Double-Feedback). First, they all chose an individual from a sample space
composed of ten neutral faces. Second, they were presented with the frequency
distribution of the population indicated by coloured circles and they answered the
question to which colour group the previously chosen individual was more likely to
belong. Finally, they were presented with the base-rate problems and the distribution of
the population together and they made judgments about the answer category to which the
protagonists in the descriptions were more likely to belong.

Hypotheses of the main study that are related to accuracy scores and response times:

H1: Giving the participants the choice of choosing an individual randomly from a
sample and providing them with feedback for questions about frequency distributions
will cause a decrease in the base-rate neglect.

H2: Reaction times will be higher for the base-rate problems in the conflict condition
than no-conflict and neutral conditions.

H3: For scenario questions related to the base-rate, accuracy rates of judgments will be
the highest in the double feedback group and somewhat lower in the color feedback
group. The no feedback group will be the least successful one in terms of the accuracy of
answers to the scenario questions.

H4: For scenario questions, the accuracy rates of judgments for the base-rate problems in
the no-conflict condition will be higher than in the neutral condition and the conflict
condition will be the least successful condition for subjects.

H5: For color questions related to the crucial frequency information, the accuracy rates
of judgments for the base-rate problems in the color feedback group will be higher than
in the double feedback group and the no feedback group will be the least successful one.

H6: In the double feedback group, the accuracy rates of judgments will be higher in the
test part than the training part.



Hypotheses of the main study that are related to eye-tracking measures:

H7: The number of switches between the AOIs (graphic, text) will be lower for the base-
rate problems in the no-conflict condition than neutral condition and conflict condition
will have the most number of switches.

H8: In the graphic area, total fixation duration, total visit duration and visit count will be
longer for the base-rate problems in the conflict condition than in the the text area.



CHAPTER 2

LITERATURE REVIEW

2.1 Evolutionary Perspectives on Human Reasoning and Judgment Under
Uncertainty

In his work on evolution of reasoning Cummins (2004) refers to human cognition as
an adaptive mechanism that processes data gathered from both social and physical
environments. Moreover he says that we do not encounter this information in terms
of single event probabilities and odds/ratios. Instead we are exposed to it in different
forms such as frequencies of entities and events. It does not go far back that
probabilities and percentages have come into view as in the forms of quantitative
representations in the work on evolution (Hacking, 1975). Percentages were started
to be studied under the subject of uncertainty in the nineteenth century (Gigerenzer,
Swijtink, Porter, Daston, Beatty, & Kriger, 1989). It seems like it took the literature
a very long time to enhance the percentage and probability concepts culturally.
Thus, this might be the reason why it is hard for people to use and enhance them
when they reason. Especially when studying judgment under uncertainty, as a
comment to Koehler (1996)’s article in which he discussed if the Bayes’ Theorem
was the only proper source to compare the human judgments to, Ginzburg et al.
(1996) claimed that the reason why individuals are not good at calculating
probability may be because it is not favourable in terms of evolution. In their point
of view, as humans we’re evolved in an environment that is autocorrelated in time
and space and because judging probabilities relies on the independence hypothesis it
may reveal maladaptive behaviour. They argue that the errors that our reasoning
produces may not be considered as errors in terms of fuzzy arithmetic which is an
area interested in a nonprobabilistic calculus of reasoning under uncertainty which
consists of irrelevance of independence assumptions, sensitivity to sample sizes,
neglect of prior probabilities and conservatism about uncertainty. This argument
may be plausible if we consider some of the following characteristics of probability
theory. First, it is not intuitive. Second as we mentioned above, there is dependence
in nature, it is not like gambling devices whose structure rely on statistical
independence. Third, Ginzburg et al. (1996) claimed that spatial patterns include
positive autocorrelations. In the early ages, when humans foraged, they had to
represent the next place to look for food which probably was somewhere near to the
previous location. This situation is similar in animals as well (Stephan & Krebs
1986, pp. 81-90). Another support to these ideas comes from Melone & McGuire
(1992). They argue that because ambiguous and uncertain cues occur frequently in
our environment, non-Bayesian strategies such as cue-averaging may be favoured.



From this perspective, Koehler does not seem to be on the right way by comparing
our way of making statistical judgments to Bayesian probability theory although
there is no clear evidence that one theory is more plausible than the other.

2.2 Heuristics and Biases Approach

As humans we encounter many problems to solve and we have a lot of decisions to
make in our daily lives. It does not seem optimal for us to take all the elements into
consideration that form the problem or the situation in order to make decisions. Both
problem-solving and decision-making processes have to be done quickly and
effortlessly. Kahneman and Tversky (Kahneman & Tversky, 1972; Tversky &
Kahneman, 1973, 1974) suggested that judgments that we make intuitively under
uncertainty are generally controlled by judgmental “heuristics” rather than by the
formal laws of probability. A heuristic serves the purpose of coming up with a
solution in a short while without exerting conscious effort. It helps us to function in
a way that we do not need to stop and think about what our next step is going to be.
Heuristics are helpful to us in many circumstances for sure but meanwhile they
make us prone to errors in judgment and decision-making, they lead to biases. In
addition counting on past experiences and heuristics prevent us from taking into
account other options or thinking of novel ideas. Kahneman and Tversky were not
the first ones to challenge the models of rationality but their work thoroughly
influenced many research areas such as psychology, economics, political science,
medical decision making, and legal studies (Griffin et al. 2001). Kahneman and
Tversky’s initial studies indicated that intuitions made people only rely on the
specific descriptions with total neglect of crucial probability information. However,
in their following works they demonstrated how people evaluate information from
different categories and how their dependence on intuition changes accordingly. In
the following part some of the heuristics and the biases to which they lead are
presented.

2.2.1 Representativeness

In the majority of the experiments conducted, people were presented with a question
asking “What is the probability of the sample case A belonging to class B?” or
“What is the probability of the sample case A stemming from process B?”” (Tversky
& Kahneman, 1972). People make judgments in terms of the extent to which A is
representative of category B or in other words to what extent A resembles B. When
A is highly representative of B, people think the probability of A belonging to the
category of B is high. On the contrary if A does not resemble B, they judge the
probability as being low. They gave the following example description in their

paper:

“Steve is very shy and withdrawn, invariably helpful, but with little interest in
people, or in the world of reality. A meek and tidy soul, he has a need for order and
structure, and a passion for detail.” (Tversky & Kahneman, 1972).

There is a list of possible occupations for Steve (e.g. engineer, pilot, librarian or
secretary) and participants are expected to judge which one is more likely and which



one is least likely for Steve. In fact, they make probability estimations for each one
of these occupations. In the representativeness heuristic, because Steve is a
stereotypical member of the category librarian, people tend to judge the option
librarian as most likely (Tversky & Kahneman, 1972). This explains the fact that
people judge by similarity, not by probability (Tversky & Kahneman, 1973). In their
work, Kahneman and Tversky (1972) examined the elements that determine
representativeness of samples or events.

2.2.1.1 Similarity of sample to population: This determinant was explained with
an example:

“All families of six children in a city were surveyed. In 72 families the exact order
of births of boys and girls was G B G B B G. What is your estimate of the number
of families surveyed in which the exact order of births was B G B B B B?”

A sign test was applied and the results were significant: 75 out of 92 people reported
a mean of 30, meaning they thought the second order is less likely than the first one
instead of giving the right answer of 36. In addition, they also performed an
experiment with sophisticated psychologists as subjects (Tversky & Kahneman,
1971). The question asked is shown below:

“Suppose you have run an experiment on 20 Ss, and have obtained a significant
result which confirms your theory (x = 223, p < .05, two-tailed). You now have
cause to run an additional group of 10 Ss. What do you think the probability is that
the results will be significant, by a one-tailed test, separately for this group?”

The results were similar to the ones in the naive subjects’ group. While the median
should have been lower than .50, it was found as .85. According to Cohen (1962)
these situations may cause a decrease in validity and reliability.

2.2.1.2 Reflection of Randomness

The second condition for event A to be representative of group B is for it to possess
the features of its reference category. Capturing the randomness depends on the
context but irregularity and local representativeness are important contributors
(Tversky & Kahneman, 1971). For example;

“On each round of a game, 20 marbles are distributed at random among five
children: Alan, Ben, Carl, Dan, and Ed. Consider the following distributions”:

First Second
Alan 4 Alan 4
Ben 4 Ben 4
Carl 5 Carl 4
Dan 4 Dan 4
Ed 3 Ed 4




“In many rounds of the game, will there be more results of type I or type 11?”

In this study people chose type I rather than type Il because it was perceived as
more random without including any pattern. Moreover, the reference category must
be represented not only globally but also locally. There are many studies (Rapoport
& Budescu, 1977; Kareev, 1995) demonstrating evidence for belief in local
representativeness such as the gambler’s fallacy. To give an example for this kind of
fallacy; in a coin flipping game if the number of the heads are more frequent than
the number of the tails, people think that there will be more tails than heads later on.
The representativeness heuristic leads to many biases such as insensitivity to sample
size, misconceptions of chance, misconceptions of regression, insensitivity to
predictability and insensitivity to prior probability of outcomes which we will
discuss in detail in the following chapter.

2.2.2 Biases Related to Representativeness Heuristic
2.2.2.1 Base-rate Neglect

Kahneman and Tversky (1973) explained this bias as making judgments relying on
existing beliefs and neglecting the crucial prior probability information. Their first
experiment examined this phenomenon in detail. In the first experiment, half of the
subjects were told that there were 30 lawyers and 70 engineers in the population and
the other half of them were told the opposite. Then they were presented with a
description and they were asked to judge the probability of the person being a
lawyer or an engineer. Clearly, participants in the first condition should have judged
the probability that the description of a person being an engineer higher than that
he/she is being a lawyer while the participants in the second condition should have
given answers in the opposite direction. On the contrary, participants in both
conditions made similar probability judgments without taking base-rates into
consideration when the description was representative for each of the stereotypes.

2.2.2.2 Insensitivity to Sample Size

This bias reflects a tendency that people do not pay attention to the sample size
when they make a probability judgment about a result obtained from a specific
population drawn from this sample. The results of Kahneman and Tversky’s (1972)
study indicated that people assigned similar probabilities to the groups which are
composed of 10, 100 and 1000 men in terms of average height being more than 6
feet. The judgments of probabilities should have been the highest for the most
crowded group where there are 1000 men and for the group of 10 men, the
probability should be smaller than the group of 100 men.

2.2.2.3 Misconceptions of Chance

In order for something to appear random, every small part of it is expected to
represent the crucial features of the whole event. As in the famous coin and toss
example, the sequence H-T-H-T-T-H is acknowledged as more random by subjects
that the sequence of H-H-H-T-T-T and H-H-H-H-T-H (Kahneman & Tversky,
1972). In addition, there are other well-known examples such as the gambler’s



expectation of a red after a long run of blacks and the trained psychologists’ biased
belief in “the law of small numbers”. The former law is concerned with the bias
where people tend to make estimations about a population relying on a small data
set.

2.2.2.4 Insensitivity to Predictability

This bias was explained in terms of the factors that should play a role in the
predictions that we make: reliability of the evidence and the expected accuracy of
prediction. People basically rely on the description that they have been given and
they do not take into account whether the evidence is reliable and the prediction is
accurate. In other words, the normative statistical theory rules are not adapted when
making predictions.

2.2.2.5 The Illusion of Validity

The illusion of validity indicates a tendency of feeling highly confident when
making predictions if the descriptions are highly representative of their sample.
People tend not to take into account other constraints on the accuracy of prediction.
For example, psychologists are criticized in terms of their predictions raised from
clinical interviews (Kahneman & Tversky, 1972).

2.2.2.6 Misconceptions of Regression

During the late 19" century Sir Francis Galton was the first one who mentioned
regression to the mean or reversion to mediocrity as they called it in the past. It
basically means that if one person scores higher than the mean in a test, he/she tends
to get scores closer to the mean next time he/she is tested on an equivalent content.
Humans’ lack of attention to this phenomenon may result in harmful
misinterpretations as it was in the flight training example of the Kahneman and
Tversky (1983). In this example a pilot was faced with a compliment after a
successful landing on the contrary he was criticised if the landing was not smooth
enough. Because the people were not familiar with the concept of regression, they
mistakenly thought that the reason why the pilot did better on his next flight after an
unsuccessful landing was their criticism.

2.2.3 Availability Heuristic

The availability heuristic indicates the fact that people judge the likelihood of an
event or frequency of a class depending on how easy it comes to his/her mind
(Kahneman & Tversky, 1983). For example instances of larger classes are
remembered better and faster than those of smaller classes. This heuristic is related
with “the ease of relevant mental operation of retrieval, construction or association
operations coming into mind” (Kahneman & Tversky, 1983, p.81).

2.2.3.1 Construction

Participants were given 3x3 matrices including nine letters for each problem and
they were presented with two different types of tasks. The first one was an
estimation task including 8 questions and the second one was a construction task.



For the estimation task people were given 7 seconds and they were supposed to
estimate how many words with three or more letters they could extract from the
matrix in 2 minutes. For the construction task, they were given two minutes to put
the words that they constructed on a paper. While the mean was 11.9 for constructed
words, the mean for the estimation of the words was 10.3.

2.2.3.2 Retrieval

The design of the experiment was similar to the construction experiment but the
tests were different. In each problem there was a category like plants or English
writers and within 7 seconds participants estimated how many examples they could
find belonging to these categories in 2 minutes. For the other task, they wrote down
the examples of the categories that they could think of in 2 minutes. Results showed
that the mean of number of examples written was 11.7 and the mean of the
estimation task was 10.8.

From these results, it can be inferred that availability can be quantified accurately by
the numbers of items that were constructed and retrieved. The work of Bousfield
and Sedgewick (1944) supported the idea that people are fast and accurate in their
answers and they are able to make estimations without really constructing or
retrieving any items. There are many biases that the availability heuristic causes
phenomena such as illusory correlation, biases to the effectiveness of a search set,
biases of imaginability and biases due to the retrievability of instances.

2.2.4 Biases Related to the Availability Heuristic
2.2.4.1 Biases Due to the Retrievability of Instances

A category or a set is perceived to be having more items than the other equally
crowded one if the members of this category/set come to people’s mind easier than
the members of the other category. In an experiment there were two sets and each
set comprised of equal numbers of women and men’s names. In one of the sets there
were more names for the famous men and in the other set there were more names
for the famous women and people were asked to judge which set was more
numerous. The results of two separate conditions showed that; they had a tendency
to choose the one which contained more famous people’s names even though the
number of items in the two sets was equal.

2.2.4.2 Biases Due to the Effectiveness of a Search Set

In a study conducted by Galbraith and Underwood in 1973, participants were
supposed to judge the frequency of concrete words and abstract words in English. It
seems such a reasonable way to search for contexts where abstract and concrete
words would appear. Consequently, people have a better chance to think of contexts
where an abstract word appears than contexts where concrete words would appear.

For example; people probably think that the word “belief” would occur more
frequently than the word “glass” in English. Availability of the contexts for abstract
words caused people to judge that set as being more frequent than the set of
concrete words.
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2.2.4.3 Biases of Imaginability

When asked to judge the frequency of a class in which members have to be
imagined, people tend to judge the frequency of that class depending on the
imaginability of its members. Depending on this hypothesis, previous work showed
that small groups tend to be judged as more crowded than larger groups. For
example, when we are planning to do an activity such as diving, it is possible to
picture all the things that can go wrong during the activity clearly in our minds.
Consequently, we start to perceive this activity as more dangerous than it really is.

2.2.4.4 lllusory Correlation

This bias was first discovered by Chapman and Chapman in 1969. The rationale
here is this: if two events are strongly associated with each other, people are likely
to pair them more frequently even though there is no actual relationship between the
two occurrences. Kunda (1999)’s work showed that people relied heavily on a few
examples from their experiences of bad weather and pain occurring together.

2.2.5 Adjustment and Anchoring

These two heuristics refer to the situation where there is a number or a value
obtained from a computation or a value indicated by the problem itself and people
adjust it to give a final acceptable answer (Epley & Gilovich, 2005). It was first
identified by Kahneman and Tversky in 1974 and Epley (2004)’s work made many
contributions to this kind of heuristic. In certain experiments subjects were given an
initial starting point by the experimenter and in others, subject determined it
themselves. Adjustments were insufficient in both cases. For example, in a study
conducted by Epley (2004) participants were asked questions such as: “When was
the Declaration of Independence signed?” Then, they generated their own anchor
by giving an answer that they knew was wrong but they also thought that it was
close to the right answer such as “The Declaration of Independence was signed in
1776”. The results revealed that people tried to stay close to their anchors, thus, they
made inadequate adjustments.

2.3 Critical Perspectives on the Heuristics and Biases Approach

The Heuristics and Biases tradition helped researchers understand the flaws of
human rationality but at the same time it was criticized sharply by many researchers
in the field. Firstly, it was found limited in terms of the number of terms that it
presented (Payne, 1980). Secondly, Gigerenzer and Murray (1987) said that even
though bounded rationality theory formed the basis for this tradition, it deviated
from its roots in an unreasonable way. Finally Lopes (1991) pointed out the
considerations about the generalizability of the heuristics and biases approach.
Mainly, it was found far too negative in terms of explaining the failures of human
mind (Cohen, 1981; Einhorn and Hogarth, 1981).

The most argumentative claims against the Heuristics and Biases Approach are
framed by Gerd Gigerenzer’s work (Gigerenzer, 1991, 1994; Gigerenzer & Murray,
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1987). In his critical articles, he basically argues that this program cannot explain
how and why they work. In addition he claimed that it is not plausible for each
heuristic to be applicable to more than one experiment. He also found heuristics
ambiguous: Thus he doubted their acceptability as accounts of the biases of human
reasoning. That is the reason why he suggested employing strategies and models to
test the hypotheses and to examine the underlying mechanisms in the brain for
inaccurate and accurate judgments (Gigerenzer, 1996).

2.4 An Overview of Three Dual-Process Theories of Reasoning

The development of dual-process theories is still continuing since the time of
William James. They all basically say that human reasoning is based on two
opposing systems. This topic has been studied by many researchers with differing
descriptions of the two systems: Evans (2008) and Stanowich and West (2000)
named them as System 1 and 2, Sloman (1996) called them associative and rule-
based and finally Epstein and Kirkpatrick presented them as experiential and
rational. In order to present a general overview, the most argued theorists,
descriptions and comparisons are demonstrated. To begin with, Stanowich and West
presented their Two-Systems Theory in their papers in 2000 and 2002 explicitly.
They argued that the functional distinction between the two systems originates from
the varying methods of reasoning that each individual has. In fact, they have
conducted experiments with different reasoning tasks and found a strong correlation
between these tasks and cognitive ability. According to Evans and Over (1996)’s
Dual Process Theory, heuristics are not conscious and their task is to choose the
appropriate representation that is linked to that problem area. Their System 1 is fast,
associative and implicit. It depends on already existing knowledge and conscious
awareness is not necessary for this system. On the other hand System 2 is slow,
explicit and sequential. It has the ability to deal with logical problems. For their
System 1 the crucial point is this: while its function is domain specific, its
mechanism is domain general (Osman, 2004). Like Evans, Stanowich and West also
claimed that System 1 depends on heuristics. They also made a distinction between
System 1 and 2: System 1 is the evolutionarily rational one which is automatic,
unconscious and context dependent; on the other hand, System 2 is the analytical
and instrumentally rational one that has the ability to take control and make
abstractions. Unlike Evan (1984)’s theory, Sloman (1996) did not make a distinction
between the System 1 and System 2 depending on conscious awareness. In fact, he
claimed that the difference between the two systems comes from their differing
underlying computational mechanisms. Moreover, according to his theory humans
are only aware of the output not how it was created in System 1. In System 2 they
are consciously aware of the process and the output (Osman, 2004). Sloman (2002)
defines his two systems as “interactive” and he made a distinction between them in
terms of diagnostic tasks that are in rapport with a Criterion “S” as he called it. In an
evolutionary sense, Stanowich and West (2000) distinguished these two systems in
terms of the success at the gene level and at the singular organism level (Osman,
2004). Over and Evans (1997) evaluated System 1 as containing all
accomplishments through the past which had positive contributions to survival. In
addition they argued that humans need rational System 2 which appeared to join the
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first system later through the evolutionary process. In a comprehensive overview of
the literature for the theories explaining base-rate neglect Sloman and Barbey
(1997) argued that human judgment should be studied in terms of dual processing
approaches. In their opinion, while one system has the ability to do reasoning with
links between varying set representations and with natural frequencies, the other
system accounts for systematic errors. Basically, this view supports the idea that
presenting base-rate problems by using natural frequencies rather than presenting
them in the form of single-event probability will increase the usage of base-rate
information. In their rationale the rules that people are able to reach and apply when
they try to solve base-rate problems are in accordance with natural frequencies. As
stated earlier, people need a rule-based system in order to solve problems according
to the Bayesian perspective. Contributing to this, natural frequency views develop
arguments in relation with rule-based processes but they do not study the relation
between associative processes in Bayesian inference (Sloman & Barbey, 1997). In a
recent study Evans and Stanovich (2013, p. 225) listed the characteristics of dual
process theories of higher congition as follows:

Table 1 Clusters of Attributes Frequently Associated with Dual-Process and Dual-
System Theories of Higher Cognition

Type 1 process (intuitive) Type 2 process (reflective)

Defining features

Does not reqitire working memory
Autonomouts Cognitive decoupling; mental simulation

Requiirves working memory

Typical correlates

Fast Slow
High capacity Capacity limited
Parallel Serial

Nonconscious

Biased responses

Contextualized

Automatic

Associative

Experience-based decision making
Independent of cognitive ability

Conscious

Normative responses

Abstract

Controlled

Rule-based

Consequential decision making
Correlated with cognitive ability

System 1 (old mind)

System 2 (new mind)

Evolved early

Similar to animal cognition
Implicit knowledge

Basic emotions

Evolved late
Distinctively human
Explicit knowledge
Complex emotions

2.5 Preceding Studies of Base-Rate Facilitation

One of the earliest and highly influential base-rate studies belongs to Kahneman and
Tversky (1973). Here is the instruction given to the participants:



“A panel of psychologists have interviewed and administered personality tests to 30
engineers and 70 lawyers, all successful in their respective fields. On the basis of
this information, thumbnail descriptions of the 30 engineers and 70 lawyers have
been written. You will find on your forms five descriptions, chosen at random from
the 100 available descriptions. For each description, please indicate your probability
that the person described is an engineer, on a scale from 0 to 100.”

They were also informed that a group of experts participated in this study and their
results revealed high accuracy rates. Moreover, subjects were told that they were
going to get bonus payment according to the similarity levels of their results to the
experts’.

There were two experimental conditions: in the first one, participants were
instructed that there were 30 engineers and 70 lawyers in the set, on the contrary the
second group were informed that there were 70 engineers and 30 lawyers. Then
each subject saw five descriptions. For example:

“Jack is a 45-year-old man. He is married and has four children. He is generally
conservative, careful, and ambitious. He shows no interest in political and social
issues and spends most of his free time on his many hobbies which include home
carpentry, sailing, and mathematical puzzles.”

Then they judge the probability of Jack being one of the 30 engineers in the set by
indicating the percentage out of one hundred. After that, subjects were not given any
personality descriptions and they were asked to decide the probability of the person
being one of the 30 engineers of 100 people out of one hundred percent (Kahneman
& Tversky, 1973).

The result of this study demonstrated that people did not attend to base-rate
information when they were given personality descriptions but, they were more
successful at estimating the probabilities when there was no other information to
take into account. Moreover, making changes in the amount of base-rates caused a
little — though insignificant — difference between the estimated.

The improvements reported in the literature of base-rate neglect or base-rate fallacy
studies revealed that base-rates are not totally neglected (Bar-Hillel, 1983). In fact,
they are used in varying degrees in terms of problem format and style of
representation (Koehler, 1996, p.6). Koechler’s Base-rate Usage Model captures the
various factors influencing reasoning in base-rate problems:

According to this model, subjects tend to attend more to the information that varies
across trials (Fischhoff et al., 1979; Schwarz et al., 1991). One plausible
explanation might be this: participants use these base-rates as a cue to problem
solving. Effect of direct experience was demonstrated in a study conducted by
Manis et al. (1980) in which participants received feedback after each trial. It is also
important for samples to be well-defined. For example, if we have a look at the cab
problem of Tversky and Kahneman (1980) below, we can see how ambiguous its
sample space was:
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“A cab was involved in a hit-and-run accident at night. Two cab companies, the
Green and the Blue, operate in the city. You are given the following data: (i) 85% of
the cabs in the city are Green and 15% are Blue, (ii) A witness identified the cab as
a Blue cab. The court tested his ability to identify cabs under the appropriate
visibility conditions. When presented with a sample of cabs (half of which were
Blue and half of which were Green) the witness made correct identifications in 80%
of the cases and erred in 20% of the cases. Question: What is the probability that the
cab involved in the accident was Blue rather than Green?”

The randomness factor is crucial also. In an experiment conducted by Gigerenzer et
al. (1988) they found out that people performed better when they actually
participated in the random selection process by themselves rather than other
participants who were told that the descriptions in the studies were selected
randomly. Moreover, repetitive sampling from the same reliable and well-defined
population has a posisitive effect on participants in terms of base-rate use.

Previous studies revealed that if base-rate problems are represented in terms of
frequencies rather than probabilities, use of base-rates increases (Griffin & Buehler
1999). Barbey & Sloman (2007) suggested an explanation for this finding: effect
and sample sizes that are represented by natural frequencies have such
characteristics as emphasizing the set structure of the problem. This crucial feature
of the set structure makes it easier to solve the base-rate problems. Using different
base-rates in different trials (Bar-Hillel & Fischhoff, 1981), giving the base-rate
information after the descriptions (Krosnick, Li & Lehman, 1990), doing the
sampling of the descriptions randomly every time (Gigerenzer, Hell & Blank, 1988)
and instructing subjects to think like a statistician (Schwarz, Strack, Hilton, &
Naderer, 1991) all help overcoming the base-rate neglect. Kohler (1996) also
claimed that when participants engage in a task that enables them to learn base-rates
without conscious awareness, base-rate utilization occurs. Moreover they are used
more frequently when they are perceived as more reliable and when they reveal
more characteristic information than given descriptions. Evans et al. (2002,
Experiment 5) found out that use of real-world beliefs instead of actual probability
statements for prior probabilities, caused people to make better judgments. Lastly,
participants who have greater working memory capacity and have relatively higher
intelligence are more likely to rely on analytical thinking and therefore are more
likely to be successful than other people in base-rate problems (Pennycook, Cheyne,
Barr, Koehler, & Fugelsang, 2013; Pennycook, Cheyne, Seli, Koehler, & Fugelsang,
2012; Stanovich & West, 2008).

Although a lot is known already about human reasoning, based on these behavioral
experiments in the tradition of the Biases and Heuristics and Dual Process Theories,
relatively little is known about which on-line cognitive processes may support these
higher cognitive processes. The lack of studies using eye-tracking method in order
to study base-rate neglect encouraged this thesis to investigate how reasoning
processes under various conditions manifest themselves differently in on-line
measures of perceptual processing as revealed by eye-tracking methodology. This
relation might look like, e.g., subjects’ preferred looking to certain regions on the
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screen (text or graphic) will reveal on which kind of information they base their
reasoning. Eye-tracking may provide important additional and quantifyable
information as to these underlying cognitive processes. Based on the findings in the
literature, the present thesis studies the effect of using graphics and frequencies as
presentation format, random sampling, and various amounts of feedback on solving
base-rate problems. Off-line and on-line measures were collected in the form of
accuracy scores, response times, and several eye-tracking measures. The latter are
supposed to reveal how higher cognitive reasoning processes might be supported by
on-line perceptual and attentional processes.
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CHAPTER 3

METHOD

A pilot study and a main study were conducted within the framework of this thesis with
the aim of finding out to what extent presenting base-rate problems with different
modalities (visual, verbal) has an effect on base-rate neglect. Subsequent to creating a
problem pool to select the most suitable items and conducting a pilot study, participants’
performance in a base-rate neglect reasoning task, including tracking of their eye
movements was assessed.

3.1 Pilot Study
3.1.1 Participants

A total of 86 female and 86 male undergraduate and graduate subjects (52 of them rated
base-rate problems and 120 of them participated in the actual pilot experiment) majoring
in different departments from Middle East Technical University (METU) participated in
this study. They were recruited from the entrance of the university’s library. Participants
were native speakers of Turkish and their age ranged from 18 to 32. They filled out the
participant form and a consent form before starting the study. Subjects also reported that
they were not on any kind of drugs that may affect their cognitive abilities.

3.1.2 Apparatus and Stimuli
3.1.2.1 Base-rate Problem Rating Task

In order to carry out the pilot study, a 36-item base-rate problem pool was generated.
There were three categories that represent these problems; No-conflict, Conflict and
Neutral. Each category included 12 items. In the No-Conflict category, the stereotypical
information conveyed in the description of a person belonged to a larger majority group
in the population. In contrast when the description represented the characteristics of a
smaller minority group in the population, a conflict between the good fit of the
description with the minority group and its low base-rate occurred. In the Neutral
category, there were no hints that if the protagonists described in the problems belonged
to either the bigger majority or the smaller minority in the population. Eleven out of
twelve base-rate problems were translated into Turkish from the study of De Neys and
Franssens (2009) and then they were adapted for the Turkish sample. Originally, De
Neys and Franssens used Kahneman and Tversky (1973)’s problems in their study. In
the current study, their third congruent problem was not used. In addition, twenty four
more base-rate problems were created based on inoffensive stereotypes including race,
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age, gender etc. In each of these thirty six problems a person was described (without any
base-rate information given) and a one-sentence statement about the people in the
descriptions were printed on a paper side by side with a 5-point Likert-type scales (1
indicating “totally disagree” and 5 indicating “totally agree”). The statements in the no-
conflict condition were in the same direction with the description, the statements in the
conflict condition were in the opposite direction with the description and lastly the
statements in the neutral group did not have any direction at all. Fifty two subjects rated
the problems from 1 to 5 by answering how likely the statements were true for each
description. These following examples are from these three categories (All items can be
seen in Appendix A).

No-Conflict:

1. Aysegul is 35 years old. She writes critiques for a magazine. Her husband works in a
university. Aysegul likes painting and taking photographs.

How likely do you think the information given below about Aysegul is true?
Aysegul likes to watch National Geographic Channel.
Conflict:

15. Gokce likes to go dancing with her friends at the weekends. Generally, she prefers
fast food and she has a little piercing in her belly.

How likely do you think the information given below about Gokce is true?
Gokce is fifty years old.
Neutral:

26. Toprak is 19 years old. He studies in Istanbul and he doesn’t have a girlfriend. He
bought a second-hand car with the money he saved.

How likely do you think the information given below about Toprak is true?
Toprak plays drum.

The first twelve items were no-conflict problems, the next twelve items were conflict
problems and the last twelve items were neutral problems. Every subject rated the items
in the same order on a separate answer sheet. SPSS Statistics 17.0 was used to calculate
the means and the standard deviations. Items for the final stimulus set were selected
according to the means: no-conflict items should display the highest agreement; conflict
items the lowest; and neutral items should be in the middle range. For the no-conflict
condition items 1, 3, 5, 6, 7 and 11 were selected because they had the highest mean
scores. In contrast, for the conflict condition problems with the lowest six mean scores
were selected: 13, 15, 17, 20, 21 and 22. Moreover for the neutral condition, items 26,
29, 31, 32, 33 and 35 were selected because they had the means that were closest to 3.
(see Table 2).
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Table 2 The Descriptive Statistics for the thirty six items in the problem pool

Descriptive Statistics

Std.
N Mean Deviation
One 52 3,8846 ,83205
Two 52 3,2885 1,10855
Three 52 3,6346 1,10309
Four 52 2,7885 ,99679
Five 52 4,5000 , 715407
Six 52 3,8654 1,17204
Seven 52  3,4808 ,87426
Eight 52 2,4423 1,01775
Nine 52 2,8077 ,97092
Ten 52 2,8846 1,06004
Eleven 52 3,7115 ,99679
Twelve 52 3,0962 1,12476
Thirteen 52 11,9231 ,96703
Fourteen 52 2,4231 ,91493
Fifteen 52 11,6154 ,77089
Sixteen 52 2,3654 ,90811
Seventeen 52 11,9423 1,07400
Eighteen 52 2,9808 ,98000
Nineteen 52 2,0769 ,98710
Twenty 52 11,7885 ,97692
Twentyone 52 11,9615 1,02826
Twentytwo 52 14231 ,75006
Twentythree 52 2,3269 1,04264
Twentyfour 52 2,9615 ,94892
Twentyfive 52 3,4615 ,82751
Twentysix 52 2,9808 ,99981
Twentyseven 52 2,6538 1,02679
Twentyeight 52 2,7885 ,87080
Twentynine 52 3,0000 ,88561
Thirty 51 3,0392 14728
Thirtyone 52 3,0385 ,76598
Thirtytwo 52 3,0385 ,65564
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Table 2 (continued)

Thirtythree 52 3,3077 ,80534
Thirtyfour 52 12,9038 77357
Thirtyfive 52 3,0385 ,86232
Thirtysix 52 2,0769 1,15209
Valid N 51

(listwise)

In order to find out if these three conditions were significantly different from each other
or not, a Univariate Analysis of Variance was conducted. In this item-wise analysis the
average rating scores of the 18 problems across subjects were the dependent variable
while the condition (no-conflict, conflict and neutral) was taken as the independent
variable. Results demonstrated that the difference between three conditions was
statistically significant (F (o, 15y = 111.597, p <.001, #,? = .937) (see Table 3).

Table 3 Pairwise Comparisons of the three conditions

Dependent Variable:Average

0 Q) Mean 95% Confi_dence Interval for
Categ Categ Difference (I- Difference
ory ory J) Std. Error  Sig.* Lower Bound Upper Bound
NC C 723 ,035 ,000 ,629 ,816

N ,255 ,035 ,000 ,161 ,349
C NC -, 723 ,035 ,000 -,816 -,629

N -,467 ,035 ,000 -,561 -,374
N NC -,255 ,035 ,000 -,349 -,161

C 467 ,035 ,000 374 ,561

No-conflict-items showed significantly higher levels of agreement (M=3.84, SD=.35)
than neutral items (M=3, SD=.05) and neutral items showed significantly higher levels
of agreement than conflict items (M=1.77, SD=.21).

3.1.2.2 Pilot Reasoning Task

The purpose of the pilot study was to investigate the effects of different modalities
(verbal, graphical) on reasoning about base-rate problems. In particular, it aimed to find
out if a graphical presentation of the crucial probability information, prior to or
simultaneously with the verbal problem statement, improves proper reasoning about
base-rate problems in comparison to the classical verbal-only presentation mode. For this
purpose pie-charts were created showing the base rate of the minority group in the
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overall population. There are four conditions in the pilot study: (1) Pie-chart Condition,
(2) Verbal Statement-only Condition (base condition), (3) Numeric Percentage-only
Condition and (4) Irrelevant Picture Condition. Accepting the Verbal Statement-only
condition as base condition, Numeric Percentage-only condition and Irrelevant Picture
condition were created to test the hypothesis that presenting any visual cue for base-rate
problems would not help solving the problems. Moreover, Numeric Percentage-only
condition was used to test the hypothesis that presenting the crucial probability
information graphically would help participants more in order to make accurate
judgments than they were presented the crucial probability information verbally. The
pie-charts in the first condition were created equal in size with Microsoft Office Excel
2007. All verbal statements were written in Times New Roman with a font size of
twelve. For the fourth condition the most representative images for the base-rate
problems were selected through some sites on the internet. For example; if there were
two different channels in the problem, their logos were used and if the problem was
asking whether someone is a basketball player or a billiard player, a highly
representative pictures of these two sports were used (for all the pictures used in the
experiment see Appendix B). They were prepared in Adobe Photoshop CS. Cool Record
Edit Pro with the same resolution which was 130x160 dpi. Considering the fact that De
Neys and Glumicic (2008) did not find any performance difference between slightly
different base-rates, for this study base-rates of 995/5, 996/4 and 997/3 of a population of
1000 individuals were used in the problems and also in the making of the pie-charts. The
reason for choosing these probabilities was making the differences as extreme as
possible. Since only 18 base-rate problems were chosen from the pool, each condition
(no-conflict, conflict and neutral) had 6 problems. All three above-mentioned base rates
couples were used twice in one condition and were assigned to the problems randomly
by hand. E-Prime 2.0 was used to conduct the experiments on a Lenovo Ideapad Z370
laptop with operating system Windows 7. Participants were seated in front of the laptop
that was located on a table in a private study room METU’s university library. There
were 30 participants (15 males and 15 females) in each of the four experimental
conditions. Subjects did not get any verbal instructions before any of the experiments;
the instructions were given within E-Prime. The instructions gave them an idea about the
experiment and which keys to press when. The locations of correct and wrong answers
were counterbalanced. For the half of the problems the correct answers were located on
the top (1) and for the other half of the experiments they were located at the bottom (2).
At the beginning of the first condition (graphical, verbal) participants read the instruction
screen. Then, the moment they were ready start the experiment they pressed “space”. On
the next screen they saw a pie chart displaying the distribution of the two sub-
populations in the problem (see Figure 2).
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Asagida yer alan pasta grafigi az sonra karginiza cikacak olan senaryodaki
popiilasyonun dagilimini gostermektedir.

M National Geographic M Kanal D

Figure 2 The first stimulus used in the Pie-chart Condition

Subjects pressed “space” when they were ready to proceed to the next screen. Then, the
problem and the same but smaller sized pie-chart they had seen in the previous screen
were presented together (see Figure 3).

Bir ¢aligmada 1000 kisiye test uygulandi. Katiluncilardan
996 kisinin National Geographic kanalini, 4°iniin ise
Kanal Dyi seyretmeyi sevdigi ortaya ¢ikti. Aysegil bu
caligmadan rastgele secilen bir katilimeadir.

Aysegtl 35 yagindadir. O, bir dergi igin elegtiri yazilar
yazar. Kocas1 bir iniversitede galigir. Aysegil resim

yapmay1 ve fotograf cekmeyi sever.

Hangi secenegin olma olasiligi daha fazladir?
1. Ayseplil National Geografic kanalim seyretmeyi sever. W National Geographic  MKanal D

2. Aysegiil Kanal D°yi seyretmeyi sever.

Figure 3 The second stimulus used in the Pie-chart Condition
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Then they had to make the judgment by pressing the keys “1”” or “2”.

The location of the pie-charts and the problems were chosen randomly by the program.
Participants sometimes saw the pie-charts on the left side and the problems on the right
side and sometime it was the opposite case. The second condition was composed of only
verbal statements of the same 18 problems (see Figure 4). The same keys on the
keyboard were used to answer the questions.

Bir cahsmada 1000 kisive test uygulandi. Katiimcilardan 996 kisinin National Geographic
Kanali'ni, 4'iiniin ise Kanal D'vi seyretmevi sevdigi ortaya ¢ikti. Avsegiil Bu ¢alismadan
rastgele segilen bir katihmcidsr.

Avysegiil 35 vasmdadir. O, bir dergi icin elestiri vazilan yazar. Kocast bir iiniversitede
cahbstr. Avsegiil resim yapmavw ve fotograf ¢ekilmeyi sever.

Hangi segenegin olma olasihgs daha fazlad?

1. Avsegiil National Geographic Kanal'n1 sevretmeyi sever.

2. Aysegiil Kanal D'vi seyretmeyi sever.

Figure 4 An example stimulus used in the Verbal Statement-only Condition

The third condition’s design was similar to the first conditions’ except that instead of
pie-charts, there were percentages written on the screen demonstrating the distribution of
the population in the problems (see Figure 5 and Figure 6). The same keys were used in
this condition.

In the fourth and last condition participants saw only one screen which included the
problem on one side and two pictures related to the problem domain (but giving no clue
to the base-rate information) on the other side. Locations (left or right) of the verbal
statements and the pictures were chosen randomly by the program (see Figure 7).
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Asagida yer alan rakamlar az sonra karsiniza ¢ikacak olan
senaryodaki popiilasyonun dagilimini géstermektedir.

% 99,6

% 0.4

Figure 5 The first stimulus used in the Numeric Percentage-only Condition

Bir ¢aligmada 1000 kigive test uygulandi. Katilimcilardan
996 kisinin National Geographic kanalimi, 4'inin ise
Kanal D’yi seyretmeyi sevdigi ortaya ¢ikt1. Aysegil bu

calismadan rastgele secilen bir katihmedir.

%% 99.6: National Geographic'i

Ayseptl 35 vasindadir. O, bir dergi icin elestiri yazilar: <everler

yazar. Kocas: bir iniversitede galigir. Aysegiil resim

yapmay1 ve fotograf cekmeyi sever. % 0.4 Kanal D'vi sevenler

Hangi segenegin olma olasilig daha fazladir?
1. Aysegiill National Geografic kanalimi seyretmeyi sever.

2. Aysegtl Kanal D'yi seyretmeyi sever.

Figure 6 The second stimulus used in the Numeric Percentage-only Condition
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Bir ¢aligmada 1000 kigive test uygulandi. Katilimeilardan
996 kisinin National Geographic kanalini, 4 infin ise
Kanal D'yi seyretmeyi sevdigi ortaya ¢ikti. Aysegil bu

calismadan rastgele secilen bir katilimeidir.

('e.—ﬁr

Ayseptil 35 vasindadir. O, bir dergi icin elestiri yazilari m
yazar. Kocasi bir finiversitede calisir. Avsegiil resim

yapmay1 ve fotograf cekmeyi sever.

Hangi segenegin olma olasilig: daha fazladir?

NATIONAL

1. Aysegiill National Geografic kanalimi seyretmeyi sever. G EOG R APH[C“

2. Aysegiil Kanal D'yi seyretmeyi sever.

Figure 7 An example stimulus used in the Irrelevant Picture Condition

A 2x4x3x2 mixed analysis of variance (ANOVA) was applied. Gender was included in
the analysis as a control variable and Part was added to see whether any learning
occurred. Gender (Female/Male) and Experimental Group (First/Second/Third/Fourth)
were taken as between subjects factors while Condition (No-conflict/Conflict/Neutral)
and Part (First/Second) were taken as within subjects factors.

The dependent variable was accuracy rates translated into percentages. The right answer
was the one that represents majority group. Although the results revealed a main effect
of Condition (F (o, 224y = 463.586, p < .001, #,2 = .805), there was no statistically
significant difference between these four experimental groups. In terms of the main
effect of condition, the no-conflict condition (M =0.8982, S.D. = 0.13024) had higher
accuracy rates than neutral condition (M =0.63, S.D. = 0.26) and conflict condition (M
=0.14, S.D. = 0.22).

3.2 Main Study
3.2.1 Participants

A total of 36 (18 female and 18 male) undergraduate and graduate subjects studying in
different departments from METU participated in the main study. They were recruited
from the entrance of the Human Computer Interaction (HCI) Laboratory located inside
the Computer Center of METU. Participants were native speakers of Turkish and their
age ranged from 18 to 32. They filled out the participant form and a consent form before
the start of the experiment. Subjects also reported that they were not on any kind of
drugs that might affect their cognitive abilities.
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3.2.2 Apparatus and Stimuli

The same eighteen base-rate problems selected for the pilot study were used again in the
main study. E-Prime 2.0 was used to present the stimuli and to measure accuracy rates
and reaction times and Tobii Studio T120 was used to measure total fixation duration,
total visit duration and visit count of the areas of interest (verbal, graphical). E-Prime
was executed on Lenovo ldeapad Z370 laptop and Teamviewer 9 was used to connect
the laptop and the test computer to whom the Tobii Studio T120 was attached. In these
experiments different base-rate levels namely 9/1, 8/2 and 7/3 (comprising a total sample
of 10 individuals) were chosen to be able to present these levels as frequencies and to
make the visualization of distributions easier for participants. For the main study instead
of the extreme probability rates, the values which had higher ambiguity were chosen in
order for participants to pay more attention to the changing prior probabilities. Eighteen
base-rate problems 9 (3 from each condition) for the training phase and 9 for the test
phase were assigned randomly. There were three types of stimuli that were used in all
the three experimental conditions. The first stimulus was composed of ten neutral faces
(2 centimeters in diameter) located on a white background with equal distances in
between from which participants had to choose one randomly. The next stimulus was
composed of 10 white and light grey circles (3.8 centimeters in diameter) with equal
distances in between representing individuals from the majority and minority groups,
respectively. In addition to these circles, there was a sentence written in Courier New
with the font size of 16 saying “The distribution of the individuals in the study”. On the
final screen, the base-rates problems were written in Courier New with the font size of 8
next to the frequency distribution of the population that they had seen in the previous
screen and this time with a little light grey and a little white circle under the graphic
together with the text stating what they represented. The location of the problem and the
graphic (being on the left or being on the right) were chosen by E-Prime randomly.

Some participants saw the base-rate problem on the left side of the screen while the
graphic being on the right side of the screen, other participants saw them in opposite
locations. The locations of the correct and wrong answers were counterbalanced. For
half of the problems the correct answer was “1” and for the other half of the problems
the correct answer was “2”.

3.2.3 Procedure

Participants were seated in front of the test computer which had Tobii Studio in the HCI
Lab. First of all, they follow a red circle’s movements on the screen in order for the
program to do the calibration. After successful calibration (60% or higher) they were
given brief information without any clue on how to solve the problems. There were three
experimental conditions: (1) No Feedback condition, (2) Color Feedback Condition and
(3) Double Feedback Condition. there were two phases, one in which they performed a
random choice of one individual of the sample and then had to consider the likelihood of
that individual to belong to the minority or majority group of the overall sample a
subsequent phase in which they performed the base-rate problem. The idea was that if
participants understood that their randomly chosen individual was most likely to belong
to the majority group they would perform better on the base-rate problem, resisting the
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temptation to attribute the highly representative characterization of the minority group to
that individual. In phase (1) participants were basically told that at first, they were going
to see faces on the screen and these faces represented people in our study. It was said
that, they could choose which ever they wanted by using the keys on the keyboard from
1 to 10 (see Figure 8). It was explained that the face located on the very left side on the
top was number 1 and the face located on the very right side at the bottom of the screen
was number 10.

OO
OOV

Figure 8 The stimulus representing the population in the problem space

After they had chosen one person, they were told that they were going to see a
distribution of the population that the person they had chosen previously belonged to.

They were asked “Which group do you think the person you chose is most likely to
belong to? If you think he/she is most likely to belong to the white group please press
“b” on the keyboard but if you think he/she is most likely to belong to the grey group
please press “m” on the keyboard (see Figure 9). Before the experiments, the participants
in three experimental groups were instructed that the faces in the random sampling
process and the circles were not in the same order. Thus, we tried to avoid that
participants might identify the individual that they had chosen randomly with the circle
at that place on the next slide which belonged to either the minority or majority group,
by chance.

However, participants were not given any feedback on whether their choice was correct
or incorrect. In phase (2), they were presented the base-rate problem side by side with
the same frequency distribution of the population except that this time it was given
together with information what the grey group and the white group means, under the
graphic display. They were asked to choose either one of the answers. “If you think the
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first answer is correct, please press 1 on the keyboard but if you think the second answer
is correct, please press 2 on the keyboard” (see Figure 10).

Calismada yer alan 10 katilimcinin dag§ilima

ONOROGROR®

Figure 9 The stimulus demonstrating the frequency distribution of the population in the
problems

After pressing either “1” or “2”, participants proceeded to the next problem had the same
structure as explained above. Each participant solved 18 problems (6 of either condition:
(1) no-conflict, (2) conflict, (3) neutral).

The second experimental group (Color Feedback Group) also underwent two
experimental phases. In phase (1) they performed a training phase before the actual
experiment. In phase (1) they were told that they had to answer a few questions and
feedback would be given to their answers, in addition to the instructions for the No
Feedback Group. First, they saw the screen with the ten faces in order to choose
someone and then the frequency distribution screen appeared. When they answered to
the question “Which group do you think the person you chose is most likely to belong
to?” they were given a feedback. The feedback was either “Dogru!”(Right) or “Yanlis!”
(Wrong). The correct answer was always the one in which the majority group was
chosen as the most likely group to which their randomly chosen individual belonged.
They were presented 8 couples of these questions for training. Participants who gave
more than two wrong answers were excluded from the study during the analyses. 3 out
of 15 participants were excluded from subsequent analyses for that reason. In phase (2)
participants solved the same 18 base-rate problems for the rest of the experiment,
however and they did not get any feedback on the correctness of their answers.

The last experimental group was the Double Feedback Group. The procedure in this
group consisted of a training phase and a subsequent test phase. Training as well as test

30



phase consisted of two phases again. In this group, in phase (1) of the training phase,
participants performed the random choice and answered the probability question to
which group the chosen individual would most likely belong to. In phase (2) they were
given the base-rate problem.

Aygegul 35 yagindadir. O, bir dergi igin Calismada yer alan 10 kat:ilimcinin
5 B . dagilimi
elegtiri yazilari yazar. Kocasi bir
Gniversitede galigir. Aygegll resim yapmayl
"~ 7
O O O

ve fotodraf cekmeyi sever.

Hangi secenegin olma clas:lig: daha (:) (:> (:> (:)

fazladir?

1. Aysegiil National Geografic kanalin: © National Geographic
seyretmeyi sever.

() Kanal D

-

2. Aygegil Kanal D'yi seyretmeyi sever.

Figure 10 The stimulus comprised base-rate problem and the frequency distribution of
the problem

Crucially, they received double feedback on the correctness of their answers in both
phases throughout the training phase which consisted of (9 problems: 3 items were from
the no-conflict condition, 3 items were from the conflict condition and 3 items were
from the neutral condition). Participants were given feedback for both the color
questions in phase (1) and for the base-rate problems in phase (2) during the training
phase, but they did not receive any feedbacks for the second half of the experiment, the
test phase, which consisted of 9 base-rate items as well.
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CHAPTER 4

RESULTS

Both item- and subject-wise analysis were run for cross-checking effects in both
analyses and in order to know whether any effect goes back to the particular variance in
terms of differences within the test items or in terms of differences within the
participants. Since no major differences were found between item- and subject-wise
analyses we dropped subject-wise analysis.

4.1 E-Prime Analyses

Accuracy scores (sum scores of correctly answered items) of judgment and reaction
times (RTs in seconds) of No Feedback Group, Color Feedback Group and Double
Feedback Group were compared in terms of no-conflict base-rate problems, conflict
base-rate problems and neutral base-rate problems.

4.1.1 Accuracy Scores

A 3x3 mixed ANOVA (condition: no-conflict, conflict, neutral; group: no feedback,
color feedback, double feedback) for the accuracy scores of the scenario questions (in
each group, there were three conditions; in each condition there were six color questions
and six scenario questions) was conducted with item-wise arranged data. In the analysis
condition was a between-subject factor whereas group was a within-subject factor. The
results revealed a main effect of group (F (2, 30 = 13.75, p < .001, 7,2 = .478) as well as
of condition (F 2, 15y = 17.34, p < .001, #,? = .69). Accuracy scores of scenario questions
in the No Feedback Group (M =5.77, SE =.47) are lower than the Color Feedback Group
(M =7.33, SE =.45) and Double Feedback Group (M =7.61, SE =.38). Participants were
less accurate in their judgments for the conflict problems (M =3.72, SE =.66) then they
were for the neutral (M =8.44, SE =.66) and no-conflict (M =8.55, SE =.66) problems.

A 3x3 mixed ANOVA (condition: no-conflict, conflict, neutral; group: no feedback,
color feedback, double feedback) for the accuracy scores of the color questions (in each
group, there were eighteen items) was conducted with item-wise arranged data.
Condition was a between-subject factor whereas group was a within-subject factor. The
results revealed a main effect of group (F (2, 30) = 10.53, p < .001, #,? = .41). In the Color
Feedback Group (M =10.88, SE =.21) participants were more successful in their
predictions for the color questions then the people in the No Feedback Group (M =9.11,
SE =.26) and Double Feedback Group (M =8.83, SE =.58).

Lastly, a repeated measures ANOVA was conducted to find out whether the training and
the test parts of the Double Feedback Group differed significantly in terms of the
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accuracy scores (there were nine items both in the training part and in the test part) of
the scenario questions in different conditions (no-conflict, conflict, neutral). Part
(training, test) was taken as a between-subject factor, whereas condition (no-conflict,
conflict, neutral) was taken as a within-subject factor. Results revealed a significant main
effect of condition (F (5, 44y = 4.97, p < .05, 5,2 = .18) and part (F (1, 22 = 4.87, p < .05,
np? = .18). In the Double Feedback Group participants were more successful in their
answers for the no-conflict problems (M =2.12, SE =.14) and neutral problems (M =2.12,
SE =.19) than for the conflict problems (M =1.45, SE =.21). Moreover, accuracy scores
were higher in the test part (M =2.16, SE =.16) than the training part (M =1.63, SE =.16).

4.1.2 Reaction Times

A 3x3 mixed ANOVA with “group” (No Feedback; Color Feedback; Double Feedback)
as between-subject factor and “condition” (No-conflict; Conflict; Neutral) was run to
investigate the reaction times of item-wise arranged data. The results revealed a main
effect of condition (F (, 15 = 8.13, p < .005, 7,2 = .63). Participants made judgments for
the items in the neutral condition (M = 19.45s, SE = 588.73) more slowly than they did
in the no-conflict condition (M = 15.85, SE = 588.73) and conflict condition (M = 15.69,
SE =588.73).

4.2 Tobii Studio Analyses
In the experiments the screen was portioned in two areas of interest (graphic, text).

4.2.1 Sign Test

A sign test was conducted with the data where all conditions (no-conflict, conflict,
neutral) and groups (no feedback, color feedback, double feedback) were combined to
see if there was a significant difference between the two areas of interests (graphic, text)
in terms of first looks and last looks overall. The results demonstrated a significant
difference between the number of first looks (Z =2.97 p = .003) and last looks (Z =3 p =
.003) to the graphic and text areas. The number of first looks in the text area (M = 10.25,
SD = 2.02) were higher than the number of first looks in the graphic area (M = 7.64, SD
= 1.82). Similarly the number of last looks in the text area (M = 11.25, SD = 3.8) were
higher than the number of last looks in the graphic area (M = 6.64, SD = 3.85).

A second sign test was conducted with the data where all conditions (no-conflict,
conflict, neutral) were combined to see if there was a significant difference between the
three experimental groups in terms of their first looks and their last looks for both areas
of interests (graphic, text). A binomial sign test revealed a significant difference (p <
.05) between the number of first looks to the graphic area and the text area in the Double
Feedback Group as compared to the other groups. In addition in the same experimental
group a significant difference (p <.001) between the number of last looks to the graphic
area and the text area was found. The subjects looked at the text area (M =10.42, SD
=1.5) firstly more frequently than they looked at the graphic area (M =7.58, SD =1.5).
Similarly, the number of times the participants looked at the text area (M =14.08, SD
=2.46) lastly are higher than they looked at the graphic area (M =3.92, SD =2.46).
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4.2.2  Number of Switches between AOls

A 3x3 mixed ANOVA (condition: no-conflict, conflict, neutral; group: no feedback,
color feedback, double feedback) for the number of switches between the areas of
interest (graphic, text) was conducted with item-wise arranged data. Condition was
between-subject factor whereas group was within-subject factor. The results revealed a
main effect of condition (F (, 15y = 10.04, p < .001, #,? = .57). There were more switches
between the AOIs (graph, text) for the no-conflict problems (M =5.93, SE =.43) than
conflict problems (M =3.89, SE =.43) and neutral (M =3.27, SE =.43).

4.2.3 Total Fixation Duration

A 3x2x3 mixed ANOVA (condition: no-conflict, conflict, neutral; area: graphic, text;
group: no feedback, color feedback, double feedback) for the total fixation duration was
conducted with item-wise arranged data. Group and AOI were within-subject factors
whereas condition was a between-subject factor. The results revealed a main effect of
area (F 1, 15 = 352.01, p < .001, 7,2 = .95) and condition (F (, 15y = 9.55, p < .05, 5,2 =
.56) an area*condition interaction (F (o, 15y = 4.43, p < .05, 5,2 = .37) and a group*area
interaction (F (2, 30) = 12.45, p < .001, 5,2 = .45). The results of the test demonstrated that
the total fixation duration for the texts (M =11.59, SE =.34) was much longer than for the
graphics (M =3.46, SE =.17). Moreover, total fixation duration for the neutral problems
(M =8.77, SE =.3) was revealed to be longer than the no-conflict (M =6.9, SE =.3) and
conflict problems (M =6.86, SE =.3). In the graphic area, total fixation duration was the
highest for the neutral condition (M =4.11, SE =.31), followed by the conflict condition
(M =3.58, SE =.31) whereas it was the lowest for the no-conflict condition (M =2.69, SE
=.31). In addition, for the text area; participants tended to fixate longer for the neutral
problems (M =13.44, SE =.59) than for the no-conflict problems (M =11.18, SE =.59)
and even shorter for the conflict condition (M =10.14, SE =.59). The comparison of the
total fixation durations of the three groups (No Feedback, Color Feedback, and Double
Feedback) in terms of area showed that the means for the total fixation duration of the
graphic area was the highest for the Color Feedback Group (M =3.64, SE =.26), followed
by the Double Feedback Group (M =3.55, SE =.25) and lastly by the No Feedback Group
(M =3.18, SE =.26) which had the lowest values. Moreover, the groups differed in terms
of total fixations times in the text area. Subjects in the No Feedback Group (M =12.21,
SE =.5) spent more time fixated on the text than the Color Feedback Group (M =11.81,
SE =.45) and lastly the Double Feedback Group (M =10.75, SE =.56).

4.2.4 Total Visit Duration

A 3x2x3 mixed ANOVA (condition: no-conflict, conflict, neutral; area: graphic, text;
group: no feedback, color feedback, double feedback) for the total visit duration was
conducted with item-wise arranged data. Group and area were within-subject factors
whereas condition was between-subject factor. The results revealed a main effect of area
(F @, 15y = 380.74, p < .001, 7,2 = .96), an area*condition interaction (F ¢ 15y = 3.84, p <
.05, 2 = .33) and a group*area interaction (F ¢, 30 = 5.49, p < .01, s> = .26). The
results showed that the total time participants visited the text area (M =11.59, SE =.34)
was longer than the total visit duration of the graphic area (M =3.46, SE =.17). For the
graphic area, total visit duration was the highest for the neutral condition (M =4.11, SE
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=.31), somewhat lower for the conflict condition (M =3.58, SE =.31) came as second and
lastly it was the lowest for the no- conflict condition (M =2.69, SE =.31). In addition, for
the text area; participants tended to visit the neutral problems longer (M =13.44, SE
=.59) than no-conflict problems (M =11.18, SE =.59). Moreover, they seemed to visit the
text in the conflict condition (M =10.14, SE =.59) less than in the other conditions. For
the graphic area, total visit duration was the highest for the Color Feedback Group (M
=3.64, SE =.26), somewhat lower for the Double Feedback Group (M =3.55, SE =.25)
and lowest for the No Feedback Group (M =3.18, SE =.26). In addition, for the text area;
participants tended to have longer total visit durations in the No Feedback Group (M
=12.21, SE =.5) than Color Feedback Group (M =11.81, SE =.45). Moreover, they
seemed to visit the text in the Double Feedback Group (M =10.75, SE =.56) less than in
the other groups.

4.2.5 Average Visit Duration

A 3x2x3 mixed ANOVA (condition: no-conflict, conflict, neutral; area: graphic, text;
group: no feedback, color feedback, double feedback) for the average visit duration was
conducted with item-wise arranged data. Group and area were within-subject factors
whereas condition was between-subject factor. The results revealed a main effect of area
(F @, 15y = 102.94, p < .001, 5,2 = .87) and a group*area interaction (F ¢, 30y = 4.65, p <
.05, 5,2 = .23). The results showed that average visit duration for the text area (M =2.97,
SE =.08) was longer than the average visit duration for the graphic area (M =1.09, SE
=.16).

For the graphic area, average visit duration was the highest for the Double Feedback
Group (M =1.42, SE =.46), somewhat lower for the Color Feedback Group (M =.99, SE
=.06) and lowest for the No Feedback Group (M =.85, SE =.06). In addition, for the text
area; participants tended to have longer average visit durations in the Color Feedback
Group (M =3.24, SE =.12) than in the No Feedback Group (M =3.07, SE =.11).
Moreover, they seemed to visit the text in the Double Feedback Group (M =2.6, SE =.09)
less than in the other groups.

4.2.6 Visit Count

A 3x2x3 mixed ANOVA (condition: no-conflict, conflict, neutral; area: graphic, text;
group: no feedback, color feedback, double feedback) for the visit count was conducted
with item-wise arranged data. Group and AOI were within-subject factors whereas
condition was a between-subject factor. The results revealed a main effect of area (F (i,
15 = 39.46, p < .001, #,? =.72) and a group*area interaction (F (30 = 7.71, p < .01, 7,2
= .34). The results revealed that subjects visited the text area (M =2.91, SE =.07) more
frequently than the graphic area (M =2.67, SE =.08).

For the graphic area, visit count was the highest for the Double Feedback Group (M
=2.72, SE =.13), somewhat lower in the No Feedback Group (M =2.69, SE =.11) and
lowest in the Color Feedback Group (M =2.61, SE =.12). In addition, for the text area;
participants tended to have more visits in the Double Feedback Group (M =3.1, SE =.14)
than in the No Feedback Group (M =2.98, SE =.12). Moreover, they seemed to visit the
text in the Color Feedback Group (M =2.66, SE =.11) less than in the other groups.
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CHAPTER 5

DISCUSSION

5.1 Discussion of the Results

The main goal of this study was to investigate to what extent providing feedback for
questions about frequency distributions along with the direct experience of random
sampling, have an effect on reasoning about base-rate problems. Participants in the No
Feedback Group experienced the random sampling process (eighteen times; once before
each item); they were presented with the color questions (eighteen times; once before
each item); and on the final screen they saw the frequency distribution of the population
in the problem on the one side of the screen (left or right) along with the base-rate
problem on the other side of the screen (left or right) eighteen times. In the Color
Feedback group the procedure was the same except the fact that the participants for this
group were chosen according to their performances in a separate short pilot experiment
which was conducted before the actual experiment. In this short pilot experiment, the
participants were presented with eight questions of frequency distributions about color
groups (it was the same color question used in the other experiments) after they had
chosen one individual randomly out of ten faces (it was the same stimuli used in other
experiments where there were ten neutral faces). In addition, they were provided with a
feedback on the accuracy of their answers to the color questions. Participants who did at
least six questions right were selected as they had learned how to answer the color
question correctly and were included in the experiment for the Color Feedback Group.
Finally, subjects in the Double Feedback group were presented with the same eighteen
base-rate problems in the same procedure but this time, for the first nine questions
(equal number of items from each condition were used) they were provided with
feedback for both the color questions and the scenario questions.

5.1.1 E-Prime Results

Accuracy scores and reaction times of judgments obtained via E-Prime 2.0 were
analyzed. In general, it was hypothesized that providing the participants with feedback
would cause a decrease in the base-rate neglect. In this sense, the Double Feedback
group was expected to be the most successful one in terms of the accuracy scores for
scenario questions compared to the other two groups and the Color Feedback group was
hypothesized to have higher accuracy scores than No Feedback group in terms of both
the color questions and the scenario questions. In addition, problems in the no-conflict
condition were expected to be solved with higher accuracy scores than neutral and
conflict problems.
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The results of the analyses revealed that the No Feedback Group had the lowest accuracy
scores for scenario questions and the participants in the Color Feedback Group —
although more successful than the former — were not as successful as the participants in
the Double Feedback Group. This difference can be explained with the provided
feedbacks on the color questions and the scenario questions in the Double Feedback
Group. In addition the reason for the Color Feedback Group’s higher accuracy scores
might be due to the short training session that they had done before the experiment. With
the help of the feedbacks that they were presented after the eight color questions, they
might have learnt how to do the color questions and then applied this knowledge to the
scenario questions. The results in terms of condition are in line with the literature;
participants were less accurate in their judgments for the conflict problems than they
were for the neutral problems and no-conflict problems overall.

The results of the accuracy scores of the color questions demonstrated that participants in
the Color Feedback Group were more successful than participants in the No Feedback
Group and Double Feedback Group. It is easily explainable why the Color Feedback
Group was the best since the participants in this group did a short training session and
learned how to do the color questions. On the other hand, it is hard to explain why the
Double Feedback Group was less successful than the No Feedback Group. One
explanation might be that the participants for the Color Feedback Group were chosen as
a result of the training session but there was no selection process for the participants in
the Double Feedback Group. Moreover, getting feedbacks for both the color questions
and the scenario questions might have caused confusion because of neutral and
conflicting items since both conditions required deeper investigation of the frequency
distributions.

In a separate analysis within the Double Feedback Group it was revealed that
participants were more successful in their answers for the no-conflict problems and
neutral problems than for the conflict problems as it was in the general analysis.
Moreover, its training and test parts were compared in terms of the accuracy scores of
the scenario questions and more accurate results were found in the test part than in the
trial part. This difference can be explained with the feedbacks that were given in the first
half of the experiment.

The reaction time analysis revealed that participants made judgments for the items in the
neutral condition slower than they did in the no-conflict condition and conflict condition.
In the present study the participants might not have detected a conflict between the base-
rates displayed via the graphic and the diagnostic information or they might have
detected the conflict but chose not to study the graphic and decided to rely on the verbal
descriptions. On the other hand, it is reasonable for them to spend more time on the
neutral items in which there was no clue about the category to which the person was
most likely to belong. This finding is different from the preceding studies (De Neys &
Glumicic, 2008) where the response times for the conflict condition and neutral
condition were found to be longer than for the no-conflict condition.

38



5.1.2 Eye-Tracking Results

Eye-tracking data analyses consisting of various dependent measures: first looks/lasts
looks in the specified areas of interest, number of switches between the two areas of
interest, total fixation duration, total visit duration and average visit duration were
investigated. It was hypothesized that the number of switches between the AOIs
(graphic, text) would be lower for the base-rate problems in the no-conflict condition
than neutral condition and conflict condition would have the most number of switches.
Moreover, in the graphic area, total fixation duration, total visit duration and visit count
were expected to be longer for the base-rate problems in the conflict condition than in
the text area. In the current analyses, although total fixation duration and total visit
duration revealed somewhat similar results, none of the measures in this study was
redundant.

The sign test revealed that participants looked at the text area first more frequently than
they looked at the graphic area in general. Moreover, there were more last looks in the
text area than there were in the graphic area in general. These findings, however, may
not indicate participants’ neglect of attending the graphics where the crucial frequency
information was displayed.

In terms of the number of switches between the graphic and the text areas, no-conflict
problems had the highest scores. As for the other two conditions, there were more
switches in the conflict problems than in the neutral problems. For the no-conflict
problems the result might have occurred due to the fact that the participants might have
noticed if there were graphics presented with the problem, they might have something to
do with the solution. This may be the reason why they went back and forth between the
AOIs more often, namely with the aim of figuring out the role of the graphic in the
solution. On the other hand, in the conflict condition the subjects may have seen the
graphics as redundant.

The analyses of the total fixation duration, total visit duration, average visit duration and
visit count demonstrated a main effect of area; all the three duration metrics and visit
count revealed higher rates for the text area rather than the graphic area.

In terms of total fixation duration the participants spent more time on the neutral
problems than no-conflict problems and conflict problems. For the participants, neutral
problems required more fixation time in order to investigate the relation since there was
no cue in the description as to which group the protagonist might belong. The reason
why the fixation duration was less for conflict problems might be participants’ lack of
experience of conflict. In other words, even though they detected the conflict, they might
have chosen to ignore it. Either they did not experience any conflict and assigned the
protagonist to the more similar group straightforwardly, or they detected the conflict but
ignored it rather than trying to resolve it with conscious effort.

In the graphic area total fixation duration and total visit duration were the longest for the

neutral condition followed by the conflict condition whereas they were the lowest for the
no-conflict condition. This result can be explained along the same lines with the previous
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explanation. The subjects studied the graphic part for the neutral problems and the
conflict problems longer because they sought the crucial information there but spent less
time on fixating and visiting it in the no-conflict condition because there the graphics
information was redundant. For the text area both metrics revealed the same results
again; the participants tended to fixate longer for the neutral problems than for the no-
conflict problems and even shorter for the conflict condition. At least the neutral
condition had more time spent on the graphic as well as on the text as compared to the
other two conditions.

With respect to experimental groups, total fixation duration and total visit duration of the
graphic area was the highest for the Color Feedback Group, followed by the Double
Feedback Group and lastly by the No Feedback Group which had the lowest values. The
participants might have understood that the graphics were important for the solution in
the Color Feedback Group because of the training that they had undergone before the
main experiment. It also makes sense for the Double Feedback Group since they got
feedbacks on both types of questions in the first half of the experiment. Participants in
the No-feedback Group, however, might have skipped considering the graphic
information because they were not aware that some crucial information was hidden
there.

In terms of total fixation duration and total visit duration, the results showed that the No
Feedback Group spent more time fixating on the text than the Color Feedback Group and
lastly the Double Feedback Group. This result can be explained in terms of the
importance that subjects gave to the text in the various groups: there was no clue for the
role of the graphic part, as in the No-Feedback group, they would rely more on the text
and consider the graphic information as redundant or irrelevant.

On the other hand the results for the average visit duration and visit count were
somewhat different from the other measurements. The Group*area interaction for the
average visit duration in the graphic area revealed the highest average duration for the
Double Feedback Group, somewhat lower durations for the Color Feedback Group and
the lowest ones for the No Feedback Group. This result in general is the most compatible
one with the accuracy scores in which the same order of groups was revealed: the
Double Feedback Group was the most successful one and the scores for the No Feedback
Group was somewhat lower than for the Color Feedback Group. It can be inferred that in
the groups where feedbacks was provided at least for one type of question (color
question) or both questions (color and feedback question) subjects tended to visit the
graphic area longer on average than subjects in the group where there was no feedback.
The analysis for the visit count produced the result that the Double Feedback Group had
the highest number of visits in the graphic area.

Finally, the results for the average visit duration in the text area showed that the
participants spent least time on the text in the Double Feedback Group. This mirrors the
fact that they spent more time on the graphics area, i.e., they allocated more time relative
to the graphical than to the text areas as compared to the other groups. The results for the
visit count on the other hand demonstrated that the participants tended to have more
visits in the text area in the Double Feedback Group than in the No Feedback Group.
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Moreover, they seemed to visit the text in the Color Feedback Group less than in the
other groups. It seems like in order to make a more accurate judgment the subjects relied
on text along with the graphic in the Double Feedback Group.

In general, even though some results from the eye-tracking data were hard to interpret
and need further and deeper investigation; our manipulation of the feedback across the
different experimental groups seems to have a facilitating effect on the resolution of
base-rate problems. Providing a short training part for the Color Group helped the
participants to understand the role of frequency distributions for the problems better.
Since the successful participants from the training session were chosen for the Color
Feedback Group, they might have transferred the relation that they have learned across
the trials with color questions and feedbacks to the judgments of the scenario questions.
This explains why this group had higher accuracy scores for the scenario questions than
the No Feedback Group. Moreover, giving the participants feedback after both the color
questions and scenario questions in the first part of the experiment in the Double
Feedback Group may be the reason why this group succeeded the most. This
generalization can be supported with the eye-tracking results in which average visit
durations for the graphic part in the Double Feedback Group was longer than in the
Color Feedback Group and the No Feedback Group. For further studies these base-rate
problems can be examined in detail by determining more than two areas of interest; one
for the graphic, one for the diagnostic information part and the last one for the category
choices (options for the answer) (Ball et al., 2006; De Neys & Glumicic, 2008).

Eye-tracking is a frequently used methodology in the studies of human cognitive
processes. In the light of the present study, it proved to be a useful methodology to study
online decision making processes. For example; the focus of attention can be
investigated by this method since it is associated with the fixation area and it provides an
insight into how the data is being processed at a given time. In the literature the studies
that measured fixation duration revealed that processing levels increases as fixation
duration increases (Pomplun, Ritter, & Velichkovsky, 1996; Rayner, 1998;
Velichkovsky, 1999; Velichkovsky, Rothert, Kopf, Dornhofer, & Joos, 2002). This may
be parallel with this study’s finding that, in neutral problems — because there was
ambiguity — the subjects needed to spend more time on them. In this respect, a major
contribution of this thesis to the literature may be the finding that participants reasoned
the better the more they looked to the graphic area where the crucial information was
provided, especially in the conflict condition. Mainly base-rate neglect is revealed in
looking to the text at the expense at looking at the graphics like it was the case for the
No Feedback Condition. Even though it is hard to set a direct relationship between
solving the problems right, experiencing the direct and repetitive sampling from the
same population, receiving feedback and understanding the role of frequency
distributions, it can be concluded that these manipulations caused only a modest
difference between the three experimental groups (No Feedback, Color Feedback and
Double Feedback).
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5.2 Limitations and Future Research
5.2.1 Limitations of the Study

First of all even though the participants from METU were majoring in varying subjects;
the students from certain departments such as, statistics and mathematics should have
been separated or we might have added another factor into the analyses namely
“education”.

Secondly, the subjects might have been tested with appropriate material in order to
control the internal factors such as working memory capacity and intelligence.
Moreover, they might have been asked about their genetic history if it was possible.

Third, the participants in the Double Feedback Group were not chosen in terms of their
accuracy scores in the first phase of the experiment while the subjects in the Color
Feedback Group were selected according to their success levels in terms of the accuracy
scores in the training part of the experiment.

Finally, the number of items in each condition for the training phase and the test phase
may not be enough. In other words; the subjects might have needed more than nine items
(three items from each condition) in the training phase in order to learn how to solve the
base-rate neglect problems.

5.2.2 Suggestions for Further Research

For future direction, a questionnaire may be given to the participants right after the
experiments consisting of questions examining the level of introspection about the base-
rate neglect problems.

Secondly, more than two areas of interest may be choosen for a more detailed
investigation for the eye-tracking study. There should be at least three parts in the screen;
the first part where there is diagnostic information, the second part with the question and
answer categories and finally the third part which is composed of the frequency
distribution and the names of the categories.

Thirdly, the probability values used in the pilot study which had low uncertainity and the

probability values in the main study that had higher uncertainity should be compared in a
future research to see how they affect our reasoning about base-rate neglect problems.
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APPENDICES

APPENDIX A: BASE-RATE PROBLEM POOL

No-conflict Problems

1. Bir c¢alismada 1000 kisiye test uygulandi. Katilimcilardan 996 kisinin National
Geographic kanalini, 4’liniin ise Kanal D’yi seyretmeyi sevdigi ortaya ¢ikti. Aysegiil bu
calismadan ratgele segilen bir katilimcidir.

Aysegiil 35 yasindadir. O, bir dergi igin elestiri yazilar1 yazar. Kocasi bir {iniversitede
calisir. Aysegiil resim yapmay1 ve fotograf cekmeyi sever.

Hangi se¢enegin olma olasilig1 daha fazladir?
1- Aysegiil National Geographic kanalin1 seyretmeyi sever.
2- Aysegiil Kanal D’yi seyretmeyi sever.

2. Bir ¢alismada 1000 kisiye test uygulandi. Katilimcilardan 996 kisinin kdyde, 4’iiniin
ise sehirde yasadigi ortaya ¢ikti. Miige bu ¢alismadan rastgele segilen bir katilimeidir.

Miige 22 yasindadir. Ata biner. Okuldan sonra evde hayvanlara bakar. Hafta sonlar
erken kalkip biiyiik anne ve biiyiik babasini ziyaret eder.

Hangi se¢enegin olma olasilig1 daha fazladir?
1- Miige kdyde yasar.
2- Miige sehirde yasar.

3. Bir ¢alismada 1000 kisiye test uygulandi. Katilimcilardan 5 kisi kadin iken, 995 kisi
erkekti. Deniz bu ¢aligmadan rastgele secilen bir katilimcidir.

Deniz 32 yasinda, kendine glivenen hirsh bir kimsedir. Amaci kariyer yapmaktir. Ayni
zamanda ¢ok spor yapar ve oldukga kasl bir viicuda sahiptir.

Hangi segenegin olma olasilig1 daha fazladir?
1- Deniz erkektir.
2- Deniz kadindir.
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4. Bir ¢alismada 1000 kisiye test uygulandi. Katilimcilardan 995 kisi on alt1 yasinda
iken, 5 kisi kirk yasindaydi. Armagan bu ¢alismadan rastgele secilen bir katilimeidir.

Armagan tekno ve elektronik miizik dinlemeyi sever. Genellikle dar kazak ve kot
pantolon giyer. Dans etmeyi sever ve kiicuk bir burun piercingi var.

Hangi secenegin olma olasilig1 daha fazladir?
1- Armagan on alt1 yagindadir.
2- Armagan kirk yasindadir.

5. Bir g¢alismada 1000 kisiye test uygulandi. Katilimcilardan 995 kisi kiyafetlerini
yiiksek kalitedeki magazalardan alirken, 5 kisi semt pazarindan aliyordu. Yagmur bu
calismadan rastgele secilen bir katilimcidir.

Yagmur 33 yasinda, bir muhasebe ofisinde ¢alisan ve Porsche kullanan bir kadndir. O,
erkek arkadasi ile sik bir ¢at1 katinda yasamaktadir.

Hangi segenegin olma olasiligi daha fazladir?
1- Yagmur kiyafetlerini yiiksek kalitedeki magazadan alir.
2- Yagmur kiyafetlerini semt pazarindan alir.

6. Bir ¢alismada 1000 kisiye test uygulandi. Katilimcilardan 997 kisi kadin iken 3 kisi
erkekti. Erin bu ¢alismadan rastgele secilen bir katilimcidir.

Erin 13 yasindadir ve en c¢ok sanatla ilgilenir. O en ¢ok aligveris yapmayr ve
arkadaslarinda yatiya kalip okuldaki diger ¢ocuklarla ilgili dedikodu yapmay1 sever.

Hangi se¢enegin olma olasilig1 daha fazladir?
1- Erin kadindir.
2- Erin erkektir.

7. Bir calismada 1000 kisiye test uygulandi. Katilimcilardan 997’sinde dovme varken, 3
kiside yoktur. Poyraz bu ¢alismadan rastgele secilen bir katilimcidir.

Poyraz 29 yasinda kisa bir siire hapishanede yatmis bir erkektir. Son 2 yildir tek basina
yasamaktadir. Eski bir arabaya sahiptir ve punk miizik dinlemektedir.

Hangi segenegin olma olasilig1 daha fazladir?
1- Poyrazin dévmesi vardir.
2- Poyrazin dovmesi yoktur.

8. Bir calismada 1000 kisiye test uygulandi. Katilimecilardan 996’°s1 anaokulu 6gretmeni
iken, 4’1 idari yoneticidir. Selin bu ¢aligmadan rastgele secilen bir katilimcidir.
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Selin 37 yasindadir. O, evlidir ve 3 ¢ocuga sahiptir. Kocas1 veterinerdir. Kendini ailesine
adamustir ve her giin ¢ocuklariyla birlikte ¢izgi film izler.

Hangi segenegin olma olasilig1 daha fazladir?
1- Selin anaokulu 6gretmenidir.
2- Selin idari yoneticidir.

9. Bir ¢calismada 1000 kisiye test uygulandi. Katilimcilardan 4’ Rolling Stones hayrani
iken 996’s1 Britney Spears hayrani idi. Ceren bu calismadan rastgele segilen bir
katilimeidir.

Ceren 15 yasindadir. O, arkadaslariyla aligveris merkezine gitmeyi ve arkadaslariyla
okuldaki hoslandiklar1 kisiler hakkinda konusmayi sever.

Hangi segenegin olma olasiligi daha fazladir?
1- Ceren Rolling Stones hayranidir.
2- Ceren Britney Spears hayranidir.

10. Bir g¢aligmada 1000 kisiye test uygulandi. Katilimcilardan 5 kisi Amerikali iken 995
kisi Fransizdir. Martine bu calismadan rastgele secilen bir katilimcidir.

Martine 26 yasindadir. O, iki dil bilir ve bos zamanlarinda ¢ok okuma yapar. Cok sik
giyinir ve harika bir ag¢idir.

Hangi segenegin olma olasilig1 daha fazladir?
1- Martine Amerikalidir.
2- Martine Fransizdir.

11. Bir calismada 1000 kisiye test uygulandi. Katilimeilardan 5 kisi Isvegli iken 995 kisi
Italyandir. Marco bu ¢alismadan rastgele secilen bir katilimcidir.

Marco 16 yasindadir. Arkadaslariyla futbol oynamay1 ve sonrasinda hep beraber pizza
yemeye gitmeyi ya da birinin evinde ev yapimi makarna yemek i¢in toplanmay1 ¢ok
Sever.

Hangi se¢enegin olma olasilig1 daha fazladir?

1- Marco Isveclidir.

2- Marco Italyandir.

12. Bir ¢alismada 1000 kisiye test uygulandi. Katilimcilardan 3’1 kirk yasinda iken,
997’si 17 yasindaydi.
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Umur Izmir’de yasamaktadir. Her giin yakin arkadaslariyla vakit gegirir ve MTV
izlemeyi sever. O bir Metallica hayranidir ve kendi arabasini alabilmek icin para
biriktirmektedir.

Hangi segenegin olma olasiligi daha fazladir?
1- Umur kirk yasindadir.

2- Umur on yedi yasindadir.

Conflict Problems

13. Bir ¢alismada 1000 kisiye test uygulandi. Katilimcilardan 4 kisinin ikinci el Renault,
996 kisinin ise BMW kullandig1 ortaya ¢ikti. Arda bu ¢alismadan rastgele segilen bir
katilimeidir.

Arda 38 yasindadir. O, bir ¢elik fabrikasinda g¢alisir. Ankara’nin kenar mahallelerinden
birinde ufak bir dairede yasar. Karis1 onu terketmistir.

Hangi segenegin olma olasiligi daha fazladir?
1- Arda BMW kullanur.
2- Arda Renault kullanir.

14. Bir ¢alismada 1000 kisiye test uygulandi. Katilimcilardan 995°i Musliman iken, 5
kisi Budist idi. Gizem bu ¢alismadan rastgele secilen bir katilimcidir.

Gizem 19 yasindadir. Felsefe ile ugrasmayi sever ve materyalizmden hi¢ hoslanmaz.
Ikinci el kiyafetler giyer ve bir giin Hindistan’a gitmeyi ¢ok istemektedir.

Hangi segenegin olma olasilig1 daha fazladir?
1- Gizem Budisttir.
2- Gizem Misliimandir.

15. Bir ¢aligmada 1000 kisiye test uygulandi. Katilimcilardan 5’1 on bes yasinda iken,
995’1 elli yagindaydi. Gokge bu calismadan rastgele segilen bir katilimeidir.

Gokge haftasonlar arkadaglar1 ile dansa gitmeyi sever. Genellikle hazir yiyecekleri
tercih eder ve gobeginde kii¢iik bir piercing vardir.

Hangi segenegin olma olasilig1 daha fazladir?
1- Gokee on be yasindadir.
2- Gokgee elli yasindadir.

16. Bir calismada 1000 kisiye test uygulandi. Katilimeilardan 994’ Isvecli iken, 6’s1
[talyandi. Mario bu ¢alismadan rastgele segilen bir katilimcidar.
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Mario yirmi bes yasindadir. Geng, yakisikli ve ayn1 zamanda ¢apkin bir adamdir. En
sevdigi yemek annesinin yaptigi makarnadir.

Hangi segcenegin olma olasilig1 daha fazladir?
1- Mario Isveclidir.
2- Mario Italyandur.

17. Bir ¢alismada 1000 kisiye test uygulandi. Katilimcilardan 5°i mithendis iken 995’1
avukat idi. Berk bu ¢alismadan rastgele segilen bir katilimcidir.

Berk 36 yasindadir. O, bekardir ve bir miktar i¢ine kapaniktir. Bos zamanlarini bilim-
kurgu okuyarak ve bilgisayar programlari yazarak gecirmeyi sever.

Hangi segenegin olma olasiligi daha fazladir?
1- Berk miihendistir.
2- Berk avukattir.

18. Bir calismada 1000 kisiye test uygulandi. Katilimcilardan 4’i erkek iken 996°s1
kadindir. Evrim bu ¢alismadan rastgele sec¢ilen bir katilimcidir.

Evrim 23 yasindadir ve miihendislik fakiiltesinden mezun olmak iizeredir. Cuma
aksamlar1, Evrim arkadaslariyla disar1 ¢ikmayi, onlarla birlikte giiriiltiilii miizik esliginde
bira icmeyi sever.

Hangi segenegin olma olasilig1 daha fazladir?
1- Evrim erkektir.
2- Evrim kadindur.

19. Bir ¢alismada 1000 kisiye test uygulandi. Katilimcilardan 3’ apartman dairesinde
yasarken, 997’si ciftlik evinde yasiyordu. Ali bu calismadan rastgele secilen bir
katilimcidir.

Ali bliylik ve basarili bir sirkette ¢alisir ve bekardir. Uzun saatler boyunca caligir ve ise
giderken Armani takim elbiselerinden giyer. Gilines gozliigli kullanmayi sever.

Hangi segenegin olma olasilig1 daha fazladir?
1- Ali bir apartman dairesinde yasamaktadir.
2- Ali bir ¢iftlik evinde yasamaktadir.

20. Bir ¢aligmada 1000 kisiye test uygulandi. Katilimeilardan 997’si hemsire iken 3’
doktordu. Yagiz bu ¢alismadan rastgele segilen bir katilimcidr.
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Yagiz 34 yasindadir. Liiks bir banliydde giizel bir evde yasamaktadir. O, hossohbettir ve
politikayla yakindan ilgilidir. Vaktinin ¢cogunu kariyerine yatirim yaparak gegirir.

Hangi segcenegin olma olasiligi daha fazladir?
1- Yagiz hemsiredir.
2- Yagiz doktordur.

21. Bir ¢alismada 1000 kisiye test uygulandi. Katilimcilardan 4’iiniin favori televizyon
dizisinin Star Trek, 996’sinin ise Dallas oldugu ortaya cikti. Ozgiir bu ¢alismadan
rastgele secilen bir katilimcidir.

Ozgiir 26 yasinda, fizik alaninda lisansiistii egitimine devam eden bir adamdir. O,
vaktinin ¢ogunu evde oturup video oyunlar1 oynayarak gecirmeyi sever.

Hangi segenegin olma olasiligi daha fazladir?
1- Ozgiir’iin favori televizyon dizisi Star Trek tir.
2- Ozgiir’iin favori televizyon dizisi Dallas’tir.

22. Bir ¢alismada 1000 kisiye test uygulandi. Katilimcilardan 5’1 on alt1 yasinda iken,
995’1 elli yasinda idi. Elif bu ¢caligmadan rastgele segilen bir katilimcidir.

Elif hip hop ve rap tarzi1 miizik dinlemeyi sever. Genellikle kisa etekler giyer ve
arkadaslariyla sabaha kadar dans edebilecegi partilere katilir.

Hangi segenegin olma olasilig1 daha fazladir?
1- Elif on alt1 yasindadir.
2- Elif elli yagindadir.

23. Bir calisgmada 1000 kisiye test uygulandi. Katilimcilardan 5’1 miihendis iken, 995’1
avukatti. Goker bu ¢alismadan rastgele segilen bir katilimcidir.

Goker 45 yasindadir ve dort ¢ocugu vardir. Genellikle muhafazakardir, politik ve sosyal
konularla hig ilgilenmez. Yelkenle denize agilmay1 ve matematiksel bilmeceleri sever.

Hangi segenegin olma olasilig1 daha fazladir?
1- Goker muhendistir.
2- Goker avukattir.

24. Bir ¢aligmada 1000 kisiye test uygulandi. Katilimcilardan 5’1 psikolog iken, 995’1
isletmeci idi. Burg¢in bu ¢alismadan rastgele se¢ilen bir katilimcidir.

Bur¢in haftasonlar arkadaslariyla giiriiltiilii olmayan restoranlarda bulusup yemek
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yemeyi ¢ok sever. Hayvan barmaklarinda goniillii ¢alisir ve insanlarla olan iligkilerine
onem verir.

Hangi segcenegin olma olasilig1 daha fazladir?
1- Burgin psikologdur.

2- Burgin isletmecidir.

Neutral Problems

25. Bir ¢alismada 1000 kisiye test uygulandi. Katilimcilardan 995’1 elli yasinda iken, 5
kisi altmis yasindadir. Umur bu ¢alismadan segilen rastgele bir katilimceidir.

Umur farkl kiiltiirlere ¢ok merakli bir kimsedir. Diger iilkelerin yemeklerini denemeyi
sever. Macaristan’daki tatilinden yeni dondii.

Hangi se¢enegin olma olasilig1 daha fazladir?
1- Umur altmis yasindadir.
2- Umur elli yagindadir.

26. Bir ¢alismada 1000 kisiye test uygulandi. Katilimcilardan 4’i saksafon, 996°s1 davul
calmaktadir. Toprak bu ¢aligmadan segilen rastgele bir katilimcidir.

Toprak 19 yasindadir. Istanbul’da okumaktadir ve kiz arkadas1 yoktur. Biriktirdigi para
ile eski, ikinci el bir araba satin almustir.

Hangi se¢enegin olma olasilig1 daha fazladir?
1- Toprak saksafon ¢almaktadir.
2- Toprak davul calmaktadir.

27. Bir ¢alismada 1000 kisiye test uygulandi. Katilimcilardan 5’1 Arsenal, 995’1 ise Real
Madrid taraftaridir. Emir bu ¢aligmadan rastgele segilen bir katilimeidir.

Emir 39 yagindadir. Koyu bir futbol takipgisidir. Takimi kaybettiginde haftaya koti
baslar. Oglunu takimin kendi sahasinda yaptig1 her maga gotiirtir.

Hangi se¢cenegin olma olasilig1 daha fazladir?
1- Emir Arsenal taraftaridir.
2- Emir Real Madrid taraftaridir.

28. Bir calismada 1000 kisiye test uygulandi. Katilimecilardan 994°i Izmirli, 6’s1 ise
Ankarahdir. Karya bu ¢alismadan rastgele secilen bir katilimcidir.
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Karya on alt1 yasindadir ve hala okula devam etmektedir. Seksen kilodur ve kendinden
kiiglik dort yasinda bir kiz kardesi ile iki yildir iiniversitede okuyan kendinden biiyiik bir
abisi vardir.

Hangi segenegin olma olasiligi daha fazladir?
1- Karya {zmirlidir.
2- Karya Ankaralidir.

29. Bir ¢alismada 1000 kisiye test uygulandi. Katilmecilardan 5°1 Istanbul Teknik
Universitesi mezunu iken, 995’1 Bogazi¢i Universitesi mezunu idi. Tolga bu ¢alismadan
rastgele secilen bir katilimcidir.

Tolga 1.73 boyunda, esmer, iki kiigiik kiz ¢ocuguna sahip bir babadir. O, iizeri tamamen
posterlerle kapli sar1 bir karavan kullanmaktadir.

Hangi segenegin olma olasiligi daha fazladir?
1- Tolga Istanbul Teknik Universitesi mezunudur.
2- Tolga Bogazici Universitesi mezunudur.

30. Bir calismada 1000 kisiye test uygulandi. Katilimcilardan 996°s1 erkek iken, 4’i
kadindir. Bilge bu ¢aligmadan rastgele secilen bir katilimcidir.

Bilge 36 yasinda bir yazardir. Iki erkek, bir de kiz kardesi vardir. O, kosmay1 ve iyi
filmler izlemeyi sever.

Hangi segenegin olma olasilig1 daha fazladir?
1- Bilge erkektir.
2- Bilge kadindur.

31. Bir calismada 1000 kisiye test uygulandi. Katilimcilardan 997’si biyoloji okurken, 3
kisi de kimya boliimiinde okumaktadir. Yigit bu calismadan rastgele secilen bir
katilimeidir.

Yigit 20 yagindadir. Istanbul’da okumaktadir ve kalict bir kiz arkadast yoktur.
Biriktirdigi parayla hentiz kendine ikinci el bir gitar alabilmistir.

Hangi segenegin olma olasilig1 daha fazladir?
1- Yigit biyoloji boliimiinde okumaktadir.
2- Yigit kimya boliimiinde okumaktadir.

32. Bir g¢aligmada 1000 kisiye test uygulandi. Katilimcilardan 997’si bilardo oyuncusu
iken, 3 kisi de basketbol oyuncusuydu. Can bu calismadan rastgele secilen bir
katilimcidar.
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Can 29 yasindadir ve hayat1 boyunca New York’ta yasamistir. O, siyah saglara ve yesil
gozlere sahiptir. Agik gri renkte bir araba kullanir.

Hangi segcenegin olma olasilig1 daha fazladir?
1- Can bilardo oyuncusudur.
2- Can basketbol oyuncusudur.

33. Bir calismada 1000 kisiye test uygulandi. Katilimcilardan 4°ii izmir’de, 996’s1 ise
Ankara’da yasamaktadir. Ayhan bu ¢alismadan rastgele secilen bir katilimeidir.

Ayhan 28 yasindadir. O, bir arkadasiyla apartman dairesini paylasmaktadir ve bir kiz
arkadas1 vardir. Basketbol izlemeyi sever.

Hangi segenegin olma olasiligi daha fazladir?
1- Ayhan Izmir’de yasamaktadir.
2- Ayhan Ankara’da yasamaktadir.

34.Bir calismada 1000 kisiye test uygulandi. Katihmcilardan 5’1 Bilgisayar
Bilimleri’'nden mezun iken, 995°i Ingilizce’den mezu idi. Gulnur bu ¢alismadan rastgele
secilen bir katilimcidir.

Gulnur 20 yasindadir ve Antalya’da sehir merkezinde yasamaktadir. Onun en sevdigi
yemek kiymali makarnadir. Anne ve babas1t Mugla’da yasamaktadir.

Hangi segenegin olma olasilig1 daha fazladir?
1- Gilnur Bilgisayar Bilimleri’nden mezun olmustur.
2- Gulnur Ingilizce’den mezun olmustur.

35. Bir ¢alismada 1000 kisiye test uygulandi. Katilimeilardan 371 yiiksek lisansina Yale
Universitesi’nde, 997’si ise Princeton’da devam etmekteydi. John bu ¢alismadan rastgele
secilen bir katilimeidir.

John 22 yasindadir. Anne ve babasi kiiciik kiz kardesi ile birlikte Toronto’da
yasamaktadir. John zamaninin ¢ogunu kiitiiphanedeki klasik eserleri okuyarak gegirir.
Bisiklet sirmeyi ¢ok sever.

Hangi segenegin olma olasilig1 daha fazladir?
1- John yiiksek lisansina Yale Universitesi’nde devam etmektedir.
2- John yiiksek lisansina Princeton Universitesi’nde devam etmektedir.

36. Bir calismada 1000 kisiye test uygulandi. Katilimcilardan 5’1 Google Chrome’u
kullanirken, 995’1 Internet Explorer’1 kullaniyordu. Ozge bu ¢alismadan rastgele segilen
bir katilimeidir.
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Ozge 25 yasindadir. Lisansini iktisat {izerine yapmistir. Bos zamanlarinda kitap
okumayi, bilgisayar programlar1 yazmayi ve internette Oyun oynamayl1 sever.

Hangi segcenegin olma olasiligi daha fazladir?
1- Ozge Google Chrome’u kullanmaktadur.

2- Ozge Internet Explorer’1 kullanmaktadir.
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APPENDIX B: THE STIMULI WITH PICTURES USED IN THE PILOT STUDIES

Bir ¢alismada 1000 kigiye test uyguland:. Katilimeilardan
996 kiginin National Geographic kanalini, 4’4niin ise
Kanal D’yi seyretmeyi sevdigi ortaya ¢ikt1. Aysegil bu

calismadan rastgele segilen bir katilimeidir.

E(Qﬁ

Aysegiil 35 yagindadir. O, bir dergi igin elestiri yazilari
yazar. Kocasi bir tiniversitede calisir. Aysegil resim

yapmay1 ve fotograf cekmeyi sever.

Hangi se¢enegin olma olasilig1 daha fazladir?

NATIONAL

1. Aysegiil National Geografic kanalini seyretmeyi sever. G EOG R APH 'C“‘

2. Aysegiil Kanal D’yi seyretmeyi sever.

Bir galigmada 1000 kisiye test uyguland:.
Katilimcilardan 5 kisi kadin iken, 995 kisi
erkekti. Deniz bu ¢aligmadan rastgele segilen

bir katilimcidir.

Deniz 32 yaginda, kendine giivenen hirsh bir
kimsedir. Amaci kariyer yapmaktir. Ayni

zamanda ¢ok spor yapar ve oldukca kasl1 bir

viicuda sahiptir.

Hangi segenegin olma olasilig1 daha fazladir?
1. Deniz erkektir.

2. Deniz kadindir.
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Bir ¢aligmada 1000 kigiye test uyguland:.
Katilimcilardan 995 kisi kiyafetlerini vitksek
kalitedeki magazalardan alirken, 5 kigi semt
pazarindan aliyordu. Yagmur bu ¢aligmadan
rastgele segilen bir katilimcidir.

Yagmur 33 yasinda, bir muhasebe ofisinde
calisan ve Porsche kullanan bir kadindir. O,
erkek arkadasi ile ik bir ¢at: katinda
yagamaktadir.

Hangi secenegin olma olasilig1 daha fazladir?

1. Yagmur kiyafetlerini yitksek kalitedeki

magazadan alir.

2. Yagmur kiyafetlerini semt pazarindan alir.

Bir ¢ahismada 1000 kisiye test uyguland.
Katihmeilardan 997 kisi kadin iken 3°1i erkekti.

Erin bu calismadan rastgele secilen bir

katihmecidar.

Erin 13 yasindadir ve en ¢ok sanatla ilgilenir. O
en cok ahsveris yapmay: ve arkadaslarinda
yatiya kalip okuldaki diger ¢cocuklarla 1lgili
dedikodu yapmayi sever.

Hangi segenegin olma olasiig: daha fazladir?

1. Erin kadindir.
2. Enin erkektir.
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Bir galismada 1000 kisive test uygulands.
Katiimcilarn 997'sinde dévme varken, 3 kiside
yoktur. Poyraz bu arastrmadan rastgele segilen
bir katimcidr.

Poyraz 29 yaginda, kisa bir siire hapishanede
yatmus bir erkektir. Son 2 yildir tek basma
vasamaktadir. Eski bir arabaya sahiptir ve punk
miizik dinlemektedir.

Hangi segenegin olma olasihgs daha fazladw?
1. Poyraz'm dévmesi vardar.

2. Poyraz'm dévmesi voktur.

Bir ¢alismada 1000 kisiye test uyguland:.
Katilimeilardan 5 kisi Isvecli iken 995°1 ftalyan’dir.
Marco bu ¢aligmadan rastgele segilen bir katilimeidir.

Marco 16 yasindadir. Arkadaglariyla futbol oynamayi ve
sonrasinda hep beraber pizza yemege gitmeyi ya da
birinin evinde ev yapimi makarna yemek i¢in toplanmay1
cok sever.

Hangi segenegin olma olasil1g1 daha fazladir?

1. Marco Isvegli’dir.

2. Marco Italyan’dar.
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Bir ¢aligmada 1000 kisive test uyguland:.
Katilimcilardan 4 kiginin ikinci el Renault, 996
kisinin ise BMW kullandig: ortaya ¢ikt1. Arda bu

caligmadan rastgele se¢ilen bir katilimcidir.

Arda 38 yasindadir. O, bir gelik fabrikasinda
caligir. Ankara’nin kenar mahallelerinden birinde

ufak bir dairede yagar. Karis1 onu terketmisgtir.

Hangi segenegin olma olasil1g1 daha fazladir?
1. Arda BMW kullanir.

2. Arda Renault kullanir.

Bir ¢aligmada 1000 kisiye test uygulandi.
Katilimcilardan 571 on beg yaginda iken, 995°1 elli
yagindaydi. Gokge bu caligmadan rastgele segilen

bir katilimeidir.

Gokge haftasonlarini arkadaglari ile dansa gitmeyi
sever. Genellikle hazir yiyecekleri tercih eder ve
godbeginde kiigiik bir piercing vardir.

Hangi segenegin olma olasilig1 daha fazladir?

1. Gokge on bes yagindadir.

2. Gokge elli yasindadir.
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Bir ¢ahsmada 1000 kisiye test uygulandi.
Katihmecilardan 5°1 mithendis iken and 995°1 avukat
idi. Jack 1s a randomly chosen participant of this

study. Berk bu calismadan rastgele secilen bir {
katilmeidar. %
Berk 36 yasindadir. O, bekardir ve bir miktar icine \

kapaniktir. Bos zamanlari bilim-kurgu okuyarak

ve bilgisayar programlar yazarak gecirmeyi sever.

Hangi segenegin olma olasihg daha fazladir?

1. Berk mithendistir.
2. Berk avukattir.

Bir cahgmada 1000 kisiye test uygulandi.
Katihmeilardan 4’ tiniin favori televizyon dizisinin
Star Trek, 996’ sinm ise Dallas oldugu ortaya

cikts. Ozgiir bu cahsmadan rastgele secilen bir
katihmeidar.

Ozeiir 26 vasinda. fizik alaninda lisansiistii
egitimine devam eden bir adamdir. O, vaktinin
cogunu evde oturup video oyunlan oynayarak
gecirmeyi sever.

Hangi secenegin olma olasih§ daha fazladir?

1. Ozgiir*iin favori televizyon dizisi Star Trek’tir.

2. Ozgiir’iin favori televizyon dizisi Dallas’tir.
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yasamaktadir. O, hossohbettir ve politikayla yakindan
ilgilidir. Vaktinin ¢cogunu kariyerine yatirim yaparak
gecirir.

Bir ¢calismada 1000 kisiye test uygulandi. ﬁ
Katilimeilardan 997°si hemsire iken 3ii doktordu.
Yagiz bu calismadan rastgele secilen bir katibmeidir.
Yagz 34 yasindadir. Litks bir banliyéde giizel bir evde
v

Hangi secenegin olma olasiig daha fazladir?
1. Yagiz hemsiredir.
2. Yagz doktordur. '

Bir calismada 1000 kisiye test uygulands.
Katihmecilardan 5°1 on alt1 yaginda itken 995°1 elli
yasmdaydi. Elif bu cahismadan rastgele secilen bir
katihmeidar.

ELf, hip hop ve rap tarzlarinda miizik dinlemeyi
sever. Genellikle kisa etekler giyer ve arkadaslariyla

sabaha kadar dans edebilece& partilere katilr.

Hangi segenegin olma olasihg daha fazladu?

1. Elif 16 yasindadir.

2. Elif 50 yasindadar.

66



Bir calismada 1000 kisiye test uygulands.
Katilimcilardan 4’1 saksafon, 9967s1 ise davul
calmaktadir. Toprak bu ¢alismadan rastgele
secilen bir katilmeidir.

Toprak 19 yasindadir. Istanbul’da okumaktadir
ve kiz arkadas1 yoktur. Biriktirdigi parayla eski,
ikinci el bir araba almistir.

Hangi secenegin olma olasihg daha fazladi?
1. Toprak saksafon calmaktadir.

2. Toprak davul ¢calmaktadir.

Bir caligmada 1000 kisiye test uygulandi.
Katihmeilardan 5°i Istanbul Teknik Universitesi
mezunu iken, 995°1 Bogazici Universitesi
mezunu idi. Tolga bu galismadan rastgele

segilen bir katilmeidsr.

Tolga 1.73 boyunda, esmer, iki kiiciik kiz
cocuguna sahip bir babadir. O, iizeri tamamen
posterlerle kaph sar bir karavan kullanmaktadir.

Hangi secenegin olma olasih@ daha fazladir?

1. Tolga Istanbul Teknik Universitesi
mezunudur.

2. Tolga Bogazici Universitesi mezunudur.
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Bir ¢aligmada 1000 kisiye test uyguland1.
Katilimcilardan 997°si biyoloji okurken, 3 kisi de kimya
bolumiinde okumaktadir. Yigit bu ¢aligmadan rastgele
secilen bir katilimcidir.

Yigit 20 yagindadir. Istanbul’da okumaktadir ve kalic1 bir
kiz arkadas1 yoktur. Biriktirdigi parayla heniiz kendine
ikinci el bir gitar alabilmistir.

Hangi secenegin olma olasilig1 daha fazladir?

1. Yigit biyoloji boluminde okumaktadir.

2. Yigit kimya boliminde okumaktadir.

Bir ¢aligmada 1000 kisiye test uygulandi.
Katilimeilardan 997°si bilardo oyuncusu iken 3 kisi
basketbol oyuncusuydu. Can bu ¢aligmadan rastgele
secilen bir katilimcidir.

Can 29 yasindadir ve hayat: boyunca New York’ta
yagamigtir. O, siyah saglara ve yesil renkte gdzlere
sahiptir. Acik gri renkte bir araba kullanir.

Hangi segenegin olma olasilig1 daha fazladir?

1. Can bilardo oyuncusudur.

2. Can basketbol oyuncusudur.
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Bir ¢aligmada 1000 kisive test uygulandi.
Katilimcilardan 4°i Izmir’de, 996°s1 ise Ankara’da
yasamaktadir. Avhan bu ¢aligmadan rastgele secilen bir
katilimeidir.

Ayhan 28 yagindadir. O, bir arkadagiyla apartman
dairesini paylagsmaktadir ve bir kiz arkadas: vardir.
Basketbol izlemeyi sever.

Hangi segenegin olma olasilig: daha fazladir?
1. Ayhan {zmir’de yagamaktadir.
2. Ayhan Ankara’da yagamaktadir.

Bir ¢aligmada 1000 kisiye test uygulandi.
Katilimeilardan 3°4 yiksek lisansina Yale
Universitesi’nde, 9977si ise Princeton’da devam

ediyordu. John bu ¢aligmadan rastgele segilen bir S -7 1
katilimeidir. a e

UNIVERSITY

John 22 yasindadir. Anne ve babasi kiigiik kiz kardesi ile
birlikte Toronto’da yagamaktadir. John zamaninin
cogunu kitiphanede klasik eserleri okuyarak gegirir.
Bisiklet stirmeyi ¢ok sever.

Hangi segenegin olma olasilig1 daha fazladir?

g PRINCETON
1. John yiiksek lisansina Yale Universitesi’nde devam UNIVERSITY
etmektedir.

2. John yiiksek lisansina Princeton’da devam etmektedir.
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Image of Italy’s Flag [Online image]. Retrieved April 28, 2013,
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Image of Billiards [Online image]. Retrieved April 28, 2013,
http://www.resimler.co/bilardo/.

Image of Basketball [Online image]. Retrieved April 28, 2013,
http://www.turkiyegazetesi.com.tr/spor/109122.aspx.

Image of Star Trek [Online image]. Retrieved April 28, 2013,
http://www.glogster.com/hannhmuller/izmir/g-6n3gaukc0i8sgisv4001ba0.

Image of Dallas [Online image]. Retrieved April 28, 2013,
http://tr.wikipedia.org/wiki/Dallas_(dizi,_1978).

Image of a Saxophone [Online image]. Retrieved April 28, 2013,
http://www.saksafon.org/pearl-river-mk007-alto-saksafon/.
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