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ABSTRACT

INDIVIDUAL DIFFERENCES IN PERFORMANCE ON PERCEPTUAL
MULTIPLE CUE PROBABILITY LEARNING TASKS

BAYINDIR, MUSTAFA
Ph.D., Department of Cognitive Sciences

Supervisor : Prof.Dr. Kürşat ÇAĞILTAY

Co-Supervisor : Dr. Fergus BOLGER

January 2013, 149 pages

What makes an individual, or as the initial motivation of this study, a pilot, perform

above the average in a complex task where speed is the primary concern? The answer

of this question is closely related to the task and the individual in the task environ-

ment. It is plausible to model such a task by mapping it to responding to several stim-

uli (cues) that are related to a environmental variable (criterion). This model actually

corresponds to a judgment analysis paradigm, studied extensively in the literature,

and known as Multi Cue Probability Learning (MCPL).

Properties of task, such as cue presentation mode (e.g. analog or digital), or individ-

ual di↵erences in cognitive abilities (such as attentional mechanism, verbal and visual

working memory, executive control, etc.) may e↵ect the learning performance. Fur-

thermore, presentation mode which is compatible with the decision maker’s cognitive

capability may create an advantage in learning performance.

Using MCPL paradigm, and manipulating the presentation and response modes in a

typical MCPL task, as graphical and numerical, four experiments were conducted,

and learning performance of the participants was measured as the dependent variable.

Individuals’ working memory capacity was assessed by means of several working

memory capacity span tasks.

Results suggest that learning performance in graphical mode of MCPL task, is su-
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perior as compared to numerical mode. The main e↵ect of verbal working memory

capacity measure is significant so that it can explain the variance in the learning per-

formance irrespective of the presentation style. In certain task settings, visuo-spatial

working memory capacity interacted with the presentation mode so that it a↵ects

learning performance when mode of presentation is graphical rather than numerical.

As opposed to initial predictions, verbal working memory capacity does not interact

with MCPL task modality, pointing in the direction of a single dissociation between

the learning performances in graphical and numerical modes of the MCPL task.

As result of this study we have found that the numerical and graphical presentation

and response modalities and working memory capacity of decision maker is e↵ective

in the performance of MCPL tasks. Furthermore these factors interacts with each

other such that when the cognitive ability and the modality are congruent with each

other, there occurs a significant performance increase in learning. This and follow-up

studies may have implications on designing human computer interfaces and predict-

ing performance based on measured cognitive abilities.

Keywords: decision making, MCPL, working memory, individual cognitive di↵er-

ences
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ÖZ

ALGISAL "ÇOKLU İŞARET OLASILIKSAL ÖĞRENME" GÖREVLERİNİN
PERFORMANSINDA KİŞİSEL FARKLILIKLAR

BAYINDIR, MUSTAFA
Doktora, Bilişsel Bilimler Bölümü

Tez Yöneticisi : Prof.Dr. Kürşat ÇAĞILTAY

Ortak Tez Yöneticisi : Dr. Fergus BOLGER

Ocak 2013, 149 sayfa

Bir bireyin veya bu çalışmanın motivasyon kaynağı olarak bir pilotun, çabukluğun

öncelikli olduğu karmaşık görevlerde, ortalamanın üstünde performans sergilemesine

yol açan etkenler nelerdir? Bu sorunun cevabı görevin kendisi ve bireyin içerisinde

bulunduğu çevre ile yakından ilişkilidir. Böyle bir görev birkaç uyarıcının (ipucu)

oluşturduğu desenlere çabuk ve uygun (kriter) bir şekilde karşılık vermek olarak

karakterize edilebilir. Bu tür bir görev aslında literatürde Çoklu İşaret Olasılık Öğrenme

olarak bilinen ve oldukça yoğun bir şekilde irdelenen bir hüküm analiz paradigmasına

karşılık gelmektedir.

Bir görevin işaret gösterim modu gibi farklılıkları veya bireyin görsel ve sözel belleği,

dikkat mekanizmaları veya yönetimsel kontrol gibi bilişsel farklılıkları öğrenme per-

formansını etkileyebilir. Dahası, bireysel farklılıklar ile uyuşan gösterim modları

öğrenme performansında avantaj yaratabilir.

Bu çalışmada, Çoklu İşaret Olasılık Öğrenme paradigması kullanılarak, işaret ve

geri besleme ekranlarının gösterim ve yanıt biçimleri değiştirilerek ve çeşitli çalışma

belleği ölçümleri kullanılarak, dört adet deney yürütülmüş, bireyin öğrenme perfor-

mansı bağımlı değişken olarak ölçümlenmiştir.

Elde edilen sonuçlara göre grafiksel gösterim durumunda oluşan öğrenme perfor-
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mansının sayısal gösterim ile karşılaştırıldığında daha üstün olduğu anlaşılmaktadır.

Ayrıca sözel çalışma belleğinin öğrenme performansı üzerindeki etkisi incelendiğinde,

gösterim modu ne olursa olsun, istatistiksel olarak anlamlı bir etkiye sahip olduğu

görülmüştür. Belli görev ayarlarında, görsel belleğin gösterim biçimi ile etkileşime

girdiği ve görsel bellek kapasitesinin yüksek olmasının grafiksel moddaki başarıyı

etkilerken sayısal modda bir etkisinin olmadığı görülmüştür. Beklentilerin aksine,

sözel belleğin böyle bir etkileşime girmediği görülmüştür.

Bu çalışmanın sonuçlarına göre sayısal ve grafiksel gösterim ve yanıt biçimlerinin

ve karar vericinin çalışma bellek kapasitesinin öğrenme performansında etkin olduğu

anlaşılmıştır. Ayrıca bilişsel yeteneğin gösterim ve yanıt biçimi ile uyumlu olması du-

rumunda perfromansın kayda değer bir biçimde artığı bulunmuştur. Bu ve takip eden

çalışmaların insan makina arayüzü tasarlanması ve öğrenme performansının ölçülen

bilişsel yetenekler ışığında tahminlenmesinde kullanılabileceğini yönünde sonuçları

bulunmaktadır.

Anahtar Kelimeler: karar verme, çoklu işaret olasılık öğrenme, bireysel bilişsel fark-

lılıklar, çalışma belleği
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CHAPTER 1

INTRODUCTION

This study aims to investigate the factors that a↵ect the performance of individuals

judging about a criterion, where the criterion is probabilistically linked to a set of

cues available to the decision maker. The investigation will be done by identifying

performance di↵erences for di↵erent kind of presentation/response styles and identi-

fying the e↵ects of individual di↵erences in working memory capacity (WMC) that

may take role in the performance.

What makes an individual, or as the initial motivation of this study, a pilot, perform

above the average in a complex task where speed is the primary concern? The an-

swer of this question is closely related to the task that is executed. Such a task can

logically be characterized by responding appropriately to a set of stimuli (cues) in

an environment in which some uncertainties exist. Being a good judge, in such an

environment, requires learning the relationship between the stimuli and criterion and

respond accordingly. How well and how quick the relationship is learned, presum-

ably, is e↵ected by the cognitive capabilities of the judge.

The environment of a pilot navigating in the air is the cockpit in which there are a

lot of display devices such as flight instrument displays, additional navigational aids

and tactical information. The information provided by the sensors and other sources

contains some degree of error. Additionally, this information is used to compute sev-

eral criteria at a level of uncertainty caused by unreachable information. The errors

and uncertainties existing in the cockpit environment introduce a probabilistic envi-
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ronment in which pilots must adapt themselves in order to judge about criteria before

taking actions. In literature, one way of studying the learning probabilistic relation-

ships is using a paradigm known as Multi Cue Probability Learning (MCPL). MCPL

researchers investigate the learning by focusing on the accuracy of the decision maker

in a probabilistic environment. MCPL is a branch of Social Judgment Theory (SJT)

(Hammond, Stewart, Brehmer & Steinmann, 1975) which is the application of Egon

Brunswik’s ideas (Brunswik, 1955) about perception, to the Judgment and Decision

Making (JDM) research.

Egon Brunswik is one of the key scholars, who virtually initiated a prominent judg-

ment research paradigm. According to Brunswik, the environment in which the or-

ganism is functioning, is the key element that defines the behavior of the individual.

Brunswik (1955) actually proposes the "Lens model" as the metaphor to capture the

behavior of the individual. This model is called as "lens" because the explanation

provided by it analogous to the physics of a lens. As the ray of light coming from a

distal object is finally integrated into an image by passing through a lens, cues of the

distal variable are selected during perception by the organism and integrated into the

final perceived object.

According to Brunswik, an organism can never be sure about environment and this

produces an uncertainty (Doherty & Kurz, 1996). Therefore, the relationship be-

tween the organism and the environment can only be defined by using a probabilis-

tic approach. This approach is probabilistic because the relationship between distal

stimulus and proximal cues are not one-to-one and casual, but some kind of stochastic

process. As a result, proximal cues are probabilistic indicators of the distal variable

(Dhami, Hertwig & Ho↵rage, 2004).

In one branch of the judgment and decision making research, which is based on the

Brunswik’s ideas, Multi Cue Probability Learning (MCPL) paradigm is extensively

used for assessing the learning performance of the decision makers. As being an

application of Social Judgment Theory (Hammond, 1971) which provides quantita-

tive analysis of judgments, this paradigm provides experimental methods and analysis

tools for assessing the learning performance of the individual. In this methodology,
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participants first experience usually a large number of trials where, in each trial, a

combination of cues is presented, then the individual responds by making a judg-

ment, and then usually an outcome feedback is given. Participants’ learning (known

as "achievement") is evaluated by means of a set of trials where judgments are made

without taking feedback. In a typical MCPL task, there are a variety of factors, re-

lated to task and environment in which the task is executed. These factors a↵ect the

cognitive processes that occur during learning. Relevance of cues to the criterion,

interdependence or redundancy of the cues, complexity and dynamics of the task en-

vironment, polarity of the relationship between cues and the criterion, presentation

style of cue values and feedback values, and the response mode are among those

factors. The e↵ect of polarity of the relationship between cues and criterion is ex-

perimentally studied by several researchers (e.g. Chasseigne, Mullet & Stewart, 1997

and Rolison, Evans, Dennis & Walsh, 2012). Cues and feedback can be presented in

a variety of ways, for example, a pilot may receive information on the cockpit instru-

ments in either analog or digital (numeric) form. Potentially, these di↵erent ways that

cues are presented could influence the speed and quality of learning.

MCPL tasks involve cognitive processes such as learning, problem solving, hypoth-

esis generation and information integration. Learning is formed as the resultant of

these processes. Which cognitive abilities a↵ect the learning performance seems as

an important question to be answered in MCPL-based research. On the other hand,

this question was not studied well in the literature (Evans, Clibbens & Harris, 2005).

Finding the e↵ect of individual di↵erences in particular, may contribute to close this

gap. Studying the decision maker in terms of individual di↵erences is worthwhile,

as the individual di↵erences in cognition increasingly play important roles in modern

models of cognition (Conway, Kane, Bunting, Hambrick, Wilhelm & Engle, 2005).

Being significantly e↵ective in higher level cognitive abilities such as reasoning, com-

prehension and problem solving (Engle, 2002), Working Memory is considered as the

individual di↵erence to be studied. Working Memory (WM) is a system for temporar-

ily storing and managing information required to carry out complex or higher level

cognitive tasks such as learning, reasoning, and comprehension (Conway et al., 2005).

WM has a limited capacity and varies individually - some individuals have high work-

ing memory capacity and some others have low. Working Memory Capacity (WMC)
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is a measure of how an individual utilizes his or her working memory.

Our critical review of the MCPL literature showed that task modalities in terms of

cue/feedback presentation and response collection is not studied cumulatively. In the

studies that investigated the e↵ect of modalities of display format, the general con-

clusion is that graphically presented information is more e↵ective as compared to

non-graphical presentations. Hammond (1971) examined using di↵erent presentation

formats in feedback information during MCPL tasks, and found that graphical pre-

sentations are noticeably more e↵ective. Another study about the display formats in

MCPL context has been carried by Kerkar (1984). He found some precision di↵er-

ences in the applied policy but the accuracy of judgments did not di↵er significantly

when numerical or graphical presentations was used in the task. Wickens & Scott

(1983) compared the di↵erent presentation methods in a complex information integra-

tion task inspired from tactical decision making. What they found was performance

increases in case of graphical displays. After observing di↵erences emerging from

format di↵erences, Wickens et al. (1983) claimed that the performance is dependent

to compatibility between the display, cognitive processing and response mode. This

means that, if the stimulus presented corresponds to the required processing mode

and the response mode is same as stimulus mode, then a performance increase is ob-

served in this task as compared to unmatched cases. The problem with these results

was that it was not possible to generalize them because of contradictory findings and

dependency to task settings (Kerkar, 1984; Williams, 2001). Starting from this point,

we are considering to handle the di↵erences in the display format of cues profiles,

outcome feedback and response mode together, and observe the cumulative e↵ect so

that, in this way, we will able to see a clear performance increase in case of graphical

modality. Furthermore, when we reviewed the MCPL relevant literature, we saw that

graphical and numerical modalities of cue presentation, outcome feedback presenta-

tion and response mode together was not studied before. We thought that studying

these combinations would reveal the contrast between the modalities. Therefore ac-

cording to us, this is gap in MCPL research is needed to be filled.

When we examined the literature specifically noticing the studies exploring the in-

dividual di↵erences in working memory capacity in MCPL tasks, we saw that only
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a few studies (e.g. Rolison et al., 2011; Chasseigne et al., 1997) exist that may be

related to this specific issue. Actually the work done by the Rolison et al. (2011)

was the first published study that directly investigated the relationship between the

WMC and learning performance. Chasseigne et al. (1997)’s study was indirectly re-

lated, because by assessing the learning performances of older people in MCPL tasks,

they found performance drops which may be associated with WMC. Our study di↵ers

from Rolison et al. (2011)’s previous study in that, they examine the engagement of

WM in MCPL from the perspective of dual processing theories of cognition. Our

perspective, on the other hand, is more inclined to examine a finer grained interaction

between di↵erent types of WMC span measures as individual di↵erences interacting

with MCPL task properties.

When we have reviewed the literature, taking Baddeley (2000)’s working memory

model as a basis, we saw that the relationship between MCPL and working memory

components was never examined before. Furthermore as stated before, the di↵erence

between the modalities of display formats and response was studied from di↵erent

perspectives but not from the perspective of individual di↵erences in working memory

capacity. We think that this is another gap in the research literature, and filling this

gap will make a genuine contribution to the related research.

As a result of these considerations within the scope of the stated problems and the re-

lated literature, in this dissertation, we look for the answers of the following research

questions:

1. What is the e↵ect of numerical and graphical modalities of cue, outcome feedback

and response on learning performance in MCPL tasks?

2. How do the components of working memory indicated by relevant working mem-

ory capacity measures a↵ect learning performance in MCPL tasks?

3. How do the components of the working memory capacity interact with learning

performance in numerical and graphical task MCPL task modes?

5



4. How do the MCPL task properties, especially the polarity of cue-criterion relation,

a↵ect the relationship between working memory capacity and learning performance

in MCPL tasks?

Our aim in this dissertation is to start with an artificially derived MCPL task and its

variations, so that the study can be further continued with practical implications. For

example our finding about the e↵ect of settings of MCPL task may contribute to de-

sign of displays for increasing performance. Besides that, the individual di↵erences

based results may be used for selection and assessment of pilots. Although we con-

sider the findings of this study to be relevant for practical applications where di↵erent

displays and active use of Working Memory is involved, the correspondence of the

findings with real situations must be validated through judgment analyses methods.

Organization of the dissertation is as follows:

In Chapter 2, a review of the related work found in the literature, is given by summa-

rizing the general concepts related to Judgment and Decision Making (JDM) research.

Our hypotheses regarding to research questions are given at the end of this chapter in

a separate section.

The conducted four experiments, are given in separate chapters (Chapters 3, 4, 5 and

6) together with results and discussions relevant to them.

Chapter 7, contains the general discussion, future work and conclusion.
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CHAPTER 2

LITERATURE REVIEW

This chapter contains a review of the literature in the scope of the dissertation, which

aims to explore the factors that a↵ect the achievement of individuals when making

judgments about a situation by using identifiable cues in the environment. This ex-

ploration will be based on a widely used experimental Judgment and Decision Mak-

ing framework known as Multi Cue Probability Learning (MCPL). In Section 2.1,

starting with the a general view, relevant topics from Judgment and Decision Making

(JDM) will be reviewed.

Another aim of this study is to identify the relationship between the performance

on perceptual MCPL tasks and individual di↵erences in working memory capacity

(WMC) that are in our focus. Therefore, in the subsequent section, the research based

on individual di↵erences will be summarized by focusing on the MCPL paradigm and

Working Memory Capacity (WMC) measures.

In the remaining sections our hypotheses about the identified problems in the litera-

ture will be given and a summary will be made together with found gaps.

2.1 Judgment and Decision Making

Judgment and Decision Making (JDM) research contains many subtopics which are

studied from several perspectives with distinct research agenda. The popularity of re-
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search on Judgment and Decision Making (JDM) is related to its impact on human life

because of its practical consequences and its central role in human cognitive activity.

Historically, its roots can be traced back to several centuries ago. The popularity, long

years of research and attention of researchers from di↵erent perspectives produced a

significant amount of knowledge on Judgment and Decision Making.

The judgment and decision making process is executed by individuals and result in

decisions. The important aspects of any decision making task are the state of the

world as much as it is provided by the environment and the individual who is deciding

about a course of action or making judgment about the situation. While trying to

answer the question of what makes a decision good, it is possible to focus on these

aspects from di↵erent point of views (Fischho↵, 2012). Normative research focus on

describing the best possible choice given the state of the world and the individual’s

values. Descriptive research, on the other hand, focus on how the individual actually

decides. Prescriptive research aims to close the gaps between the norms and actual

behaviors. This brief introductory paragraph is given to mention di↵erent aims of the

research in broad JDM field. In the following paragraphs, a historical perspective will

be given in order to reveal the position of the JDM paradigm used this dissertation.

History of psychological JDM can be traced to events took place in 1940s and 1950s

(Goldstein & Hogarth, 1997). Two di↵erent research programs, which are asking

distinct research questions, began about at that time.

In the field of preferential choice some group of psychologists have focused on the

motivation of economists and statisticians about giving advice to decision makers

based on the normative theories of the related field. They have asked questions like:

How do individuals decide on a course of action? How they choose what to do next?

Are their choices rational in following normative theory of the context? The students

of this trend were inspired from Neumann and Morgensterns’ (1947) work (Gold-

stein, 2005). Their axiomatic theory of expected utility is used as a reference in

testing people’s behavior in choice tasks. Furthermore taking this theory as the base

for comparison, the deviations from the rational behavior is experimentally tested

by the psychologists, interested in mathematical modeling and measurements (Gold-
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stein, 2005). The captured violations to the expected utility theory produced some

impacts on the Judgment and Decision Making research (Newell et al., 2007). First,

treating decision makers as rational thinkers was questioned. Herbert Simon (Simon,

1955) raised his doubts about rational behaving capacity of a real person in a real

environment. This was because human beings have had limited processing capacity

and the environment providing information about the real world is limited. In other

words, it is not always possible to obtain the real unambiguous information in the

environment. Simon (1955) proposed that instead of fully rational, humans should

be considered as boundedly rational. Secondly, findings such that a typical person

does not update his/her belief about probability of an outcome provided a departure

point for investigating probability judgments(Goldstein, 2005). This line of research

mainly driven by Amos Tversky and Daniel Kahneman (Kahneman et al., 1982).

The research program initiated by their work was named as "Heuristics and Biases"

program, emphasizing heuristics as the shortcuts applied by the decision maker and

biases as the fallacies that push decision maker into erroneous behavior (Kahneman

& Frederick, 2002).

Almost at around the same period another group of psychologists, motivated by an

analogy with perception, started to deal with totally di↵erent kind of questions. They

wanted to examine how a judge, as in the clinical judgment, come in to conclusion

and made a judgment about the situation by integrating multiple fallible cues? The

analogy was the visual perception, in which for example visual system must rely on

possibly erroneous cues when determining distance to an object. Therefore, for the

psychologists dealing with such situations, the main questions were: How do peo-

ple integrate multiple probabilistic, possibly conflicting cues, to come into an under-

standing of the situation? What is the accuracy of judgments made? Is it possible to

increase accuracy by means of training and experience? How do people identify rel-

evant cues and proper weight to be used in integration process? How does the nature

of task environment a↵ect learning and performance? (Goldstein & Hogarth, 1997)

In 1954 Meehl published a book, in which he stated that judgments made by experi-

enced individuals are invariably inaccurate as compared to simple statistical models

based on the available information (as cited in Goldstein & Hogarth, 1997). This
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study drew attention of researchers working on Judgment (Goldstein, 2005). Shorty

after Meehl’s book, Hammond (1955) argued that Brunswikian principles of per-

ception is applicable to study of judgment. Brunswik described perception as an

inferential construction process based on the incomplete and fallible sensory cues.

During perception process distal stimulus (environmental objects) excites sensory or-

gans in which multiple cues are produced about the environmental object. Hammond

(1955) adapted Brunswik’s ideas to the judgment research by exemplifying the pro-

cess with clinical judgment domain. In clinical judgment, while diagnosing a patient,

a physician employs several ambiguous cues like test scores, patient’s behaviors and

expressions. This process actually is very similar to processing ambiguous informa-

tion from environment as provided by sensory cues (Hammond, 1955). In this type of

processing, judge uses multiple cues or indicators and comes into conclusion about

something that is partially and sometimes erroneously represented by the cues

Another idea of Brunswik which is adapted to judgment domain by Hammond is

"Probabilistic Functionalism" (Goldstein, 2005). It is a Darwinian approach in the

sense that organisms’ psychological processes are adapted to the environment in

which they function. According to functionalism, in order to examine the behavior of

an organism, we must understand aspects of the environment that organism is inter-

acting in order to succeed its goals. In this functionalist approach to JDM research,

achievement is defined as the degree to which organism succeeds its goals (Doherty

& Kurz, 1996). Therefore, instead of the behavior that does not conform to norma-

tive theories like Expected Utility Theory or Bayes’ theorem, judgment theorists are

concerned with the accuracy in the sense that whether judgments reflect the true state

of the world.

Following their initial ideas of using Brunswikian research in Judgment, Hammond

and his colleagues constructed a theory known as Social Judgment theory (SJT)

(Hammond et al., 1975) which is applicable to wide range of situations involving

multi-attribute judgment. This theory uses Lens Model and its equation, which is a

metaphor of thinking about the world and linking the distal stimulus to proximal cues,

as the main tool for predicting the degree of accuracy.
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Probably due to the di↵erence between the initially targeted domains, studies on the

accuracy focused decision research was not seen of interest as much as the decision

and preferential choice program, but it continues to be fertile and influential (Newell

et al., 2007).

Due to the nature of the tasks, of which motivation of this dissertation is related to,

we have considered to use the correspondence tradition in which the accuracy of the

judge is measured by comparing the subjective and environmental states. Therefore in

the remaining part of the review, SJT and one of its specific experimental application

to the learning cue-outcome relations called as MCPL will be addressed in detail.

2.1.1 Brunswik’s Approach and Lens Model Based Judgment Research

In this section foundations and principles of the Brunswik’s ideas will be briefly men-

tioned and its application of the JDM research will be provided in the scope of this

dissertation.

Brunswik proposes the Lens model to capture the behavior of the individual func-

tioning in real environment. The scattered light from an object is recombined by the

lens in the eye. Similarly, a distal cause in the environment scatters its e↵ects and the

organism recombines them (Hammond & Summers, 1965).

According to Brunswik, even though the task is deterministic, the organism can never

be sure about the environment and this produces ambiguity (Doherty & Kurz, 1996).

Although the processing in the organismic system, that is the integration process us-

ing proximal cues, is deterministic, because the relationship between distal stimulus

and proximal cues are not one to one and casual, overall process becomes probabilis-

tic (Dhami et al., 2004). Furthermore on the organismic system there is also some

ambiguity although obtained information is deterministic. Brunswik explains this by

giving the example of perceiving a trapezoidal figure through visual system. It is not

possible directly to come into conclusion about the type of the object because, it could
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be actually a trapezoidal or a rectangular object seen at an angle.

In Brunswikian approach, the term ecological validity is used to refer to validity of

cues in the ecology, not for emphasizing the real world validity of experimental de-

sign, as this term is commonly used in psychology. Instead, the term ’Representative

Design’ is used to refer to real world resemblance. However, the meaning of repre-

sentative design di↵ers from systematic design in which experimenters manipulate the

stimuli and conditions to produce independent and orthogonal variables. Brunswik

argued that the experimental design must be representative of the real task conditions

including the judges and stimuli. Consequently, it is problematic to randomly select

participants and stimuli. For example,as related to stimuli selection, making the inter

correlations of cues di↵erent than the real settings may impact inference mechanisms.

As previously mentioned, Brunswik’s ideas are successfully applied to the judgment

and decision making by Hammond through a meta-theory called as Social Judgment

Theory (SJT) (Hammond et al., 1975). In the following subsections, this theory and

its applications will be reviewed briefly.

2.1.2 Social Judgment Theory and Multiple Cue Probability Learning

Social Judgement Theory (SJT) has evolved from probabilistic functionalism over

the last four decades (Doherty & Kurz, 1996). Hammond applied the Brunswik’s

approach to clinical judgment by emphasizing an analogy between perception and

clinical judgment. SJT not only shows applicability of Brunswik’s principles but

also provides a framework (meta theory) for assessing achievement, modeling the

environments, modeling the organism and comparing the models of environment and

organism (Goldstein, 2005).

Figure 2.1 shows the Hammond’s interpretation of Lens Model metaphor while apply-

ing it to judgment research. We can briefly explain the mapping of decision process

onto lens model by means of a concrete judgment example adopted from Doherty &
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Figure 2.1: Brunswik’s Lens Model adapted for the study of human judgement in the
context of Social Judgement Theory (Adopted from Cooksey, 1996).

Kurz (1996). Suppose a physician is to decide about the disease of a patient according

to some symptoms. In this judgment example, the real disease of the patient is distal

variable or criterion, Ye. The symptoms obtained from several sources such as X-ray,

blood test, etc. are proximal cues, Xi. And the disease diagnosed by the physician

is decision Ys. The achievement (ra) in learning or performance of the individual is

measured as the correlation of judgment (Ys) with the real criterion (Ye).

Hammond accepts the same perspective with Brunswik in that, the relationship be-

tween the decision maker and the environment (ecology), in which decision maker

is embedded, is the focus of analysis (Cooksey, 1996). In this scheme, cues are the

information obtained from environment by perception. They are proximal, because

they are near to our senses. These cues are probabilistically related to the distal vari-

able/criterion. This scheme produces two types of uncertainty. The uncertainty in the

relation between criterion and cues and the uncertainty in the utilization of cues by

decision maker during judgment process. According to Brunswik these uncertainties

can be measured by using correlation statistics. Consequently ecological validity is
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defined as the correlation between criterion and cues, and cue utilization validity is

defined as the correlation between cues and judgment made by the decision maker

(Cooksey, 1996). Achievement corresponds to success of decision maker, which in

this scheme, is the correlation between actual decision given and the criterion. This

concepts are shown in Figure 2.1.

In Figure 2.1, there exist two zones of ambiguity, first one is between distal variable

and proximal cues, and the second one is between proximal cues and actual decision

making. These ambiguity zones are called as zone of ambiguity of the ecology and

zone of ambiguity of the judge’s cognitive system. Decision maker or judge must

deal with this ambiguity zones by vicarious functioning 1. According to Brunswik

vicarious functioning is the key process to cope with ambiguities.

Using this basic framework, it is possible to analyse judges in their real environment

and infer how they utilize the information from multiple fallible cues while making

judgments about outcomes (Newell et al., 2007). This kind of employment of SJT

can be named as Judgment Analysis and can be used for analyzing the decisions and

decomposing them into components, in other words, finding out the cues and relations

between cues.

In this subsection, briefly, basic principles of Social Judgment Theory were given. In

the following subsection another usage of Lens Model which is focused on studying

the learning of novel cue-outcome relations will be given.

2.1.3 MCPL Research

When an individual is faced with a decision making need, if the environment provides

meaningful feedback, then a learning activity starts. Feedback may be explicit infor-

mation or implicit in the results of course of action. In Brunswikian JDM research,

1 vicarious functioning is the process that, at the end which, we can arrive at an understanding of the
environment, so that we can make a judgement based on a variety of sources of information, or cues (Doherty &
Kurz, 1996)
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learning is actually the result of adaption to environments in which distal variables

are probabilistically related to proximal cues. Searching for understanding and learn-

ing such kind of probabilistic relationships, produced large amount of literature by

using a paradigm called Multi Cue Probability Learning (MCPL). This corresponds

to a variant of employment of Lens model in SJT.

In the paradigm of MCPL, the individual, exposed to a profile of cue instances,

predicts the criterion value. If the feedback is explicitly given as the real value of

criterion, which is called as outcome feedback, individual is expected to learn cue-

criterion relationship by examining the di↵erence over many trials. The key meta

processes in a typical MCPL task execution can be (Newell et al., 2007); (1) Dis-

cover information: which cues in the ecology available and useful? (2) Acquiring

and searching through information: what is the importance of cues with respect to

each other? (3) Combining information: how to combine cues to come to a judg-

ment? (4) Feedback: after making a prediction and knowing the actual value, how to

use the di↵erence information?

In a typical MCPL design a relatively large number of learning trials are used. The

number of trial may vary from 100 to 400 or even more (Cooksey, 2007). The re-

quired number of trials is a function of task characteristic which determine the learn-

ability or complexity of the task.

Criterion, cues and judgment are the three important variables in the MCPL envi-

ronment. The attributes attached to these variables constitute the characteristics of

MCPL tasks. We can list some important attributes as follows:

1. Cue(s) - Criterion relationships.

(a) Function Form: linear vs. nonlinear.

(b) Ecological validity of cues: the correlation between cues and criterion.

(c) Polarity of cue-criterion relation: negative vs. positive.

2. Type of feedback : outcome, cognitive and evaluative feedback.
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3. Inter-cue correlations or cue redundancy.

4. Number of cues.

5. Cue Presentation Mode : graphical, numerical and auditory modes.

6. Feedback Presentation Mode: graphical, numerical and verbal modes.

7. Response Mode: verbal, graphical, numerical.

8. Individual Di↵erences2: attentional mechanism, verbal and visual working mem-

ory, executive control, and others.

In a typical MCPL research task, a typical linear "distal variable-cue relation" func-

tion is of the form Ye = A1X1 + A2X2 + ... + AkXk. Some of other function forms

investigated in the literature can be counted as; negative linear, U shaped and inverted

U shaped nonlinear forms (Charles & Monroe, 1974). Charles & Monroe (1974)

found that linear function forms were learned easily as compared to non linear ones.

Furthermore, although nonlinear forms are examined, participants first search for lin-

earity (Charles & Monroe, 1974). Another relationship between the criterion and cues

is their correlation or ecological validities. They a↵ect the cue discovering sub pro-

cess. Castellan (1973) examined the e↵ect of irrelevant cues, that is cues with validity

equal to zero, and found out that irrelevant cues diminish the performance interacting

with relevant cues, such that the performance loss being greatest for relevant cues

with moderate validity.

Inter-cue correlation is an important characteristics for the representativeness of the

MCPL experimentation environment. Setting them near to zero is a common practice

as seen in literature, but some researchers examined their e↵ect on task performance.

Lindell & Steward (1974), for example, empirically showed that in combination with

regression weights in the function form, when inter-cue correlation is higher, perfor-

mance is lower.

There are three types of feedback used in the MCPL studies (Tsao, 1994). These are
2 Although not an attribute of the task characteristics, the judge’s cognitive as well as other characteristics

(e.g. personality di↵erences) is deemed to contribute to the achievement in the MCPL task.
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outcome feedback, cognitive feedback and evaluative feedback. Outcome feedback is

informing the decision maker by giving the correctness of his or her judgment after

it has been made (Cooksey, 1996). Cognitive feedback, on the other hand, is giving

some detailed information about the key relationships and statistics associated with

his or her performance after judge has made an entire series of judgments (Cook-

sey, 1996). Finally, evaluative feedback is an ambiguous but frequently encountered

feedback type. Rather than giving just outcome or detailed information about the

decisions, evaluative feedback is providing some evaluation for the prediction made.

We can exemplify this feedback type with informing about only the results for the

exam (Tsao, 1994), i.e. informing the participant about the success of his/her judg-

ments (e.g. informing the participant that (s)he has passed the exam without showing

the correct answers).

The e↵ect of feedback type on learning performance is examined in detail by many

researchers including Hammond himself in his influential study (Hammond et al.,

1975). Tsao (1994) examined the feedback types and concluded that cognitive feed-

back had some positive e↵ects on learning. Rather than the type of the feedback,

Atkins, Wood & Rutgers (2002) observed the e↵ect of the form of the feedback and

obtained the applicability of di↵erent types of formats to di↵erent environments. In

other words, they have experimented with di↵erent forms of feedback such as verbal

or graphical and observed the performance of the participants. Another important

variable in feedback is the polarity that is negativity or the positiveness of it. Evans

et al. (2005) examined in two experiments the e↵ect of polarity and prior belief. As

a result they have found that, positive feedback results in better learning performance

and conformity to prior belief also e↵ect learning directly.

According to empirical findings, outcome feedback is slow and limited (Goldstein,

2005). Actually, outcome feedback makes improvements in performance, when the

environment is relatively simple and number of trials is very high (Newell et al.,

2007). In this context simple may correspond to two or three cues that are positively

and linearly correlated to criterion. Furthermore, outcome feedback inhibits the ef-

fects of cognitive feedback if they are used together (Hammond et al., 1975).
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Presentation of cues profiles and feedback can be done by means of several methods

depending on the nature of the task. In MCPL literature a considerable large propor-

tion of the studies has used quantitative cue profiles. These quantitative values were

displayed numerically using some sort of measuring scale, e.g 1-10 scale, or the real

scale of the values with real units (Cooksey, 2007). Other formats for presenting the

cue profiles were using graphical representations such as bar graphs. Steward (1988)

stated the advantages of bar graphs as (1) They are easy to read (2) They provide a

pictorial view of the cue profile (3) It is easy to capture where a specific cue stands

as compared to its range and other cues. Numerical and graphical presentations have

some advantages and disadvantages over each other. Numerical displays may cause

the judge employ an intuitive averaging strategy. Bar graphs, on the other hand, suf-

fer from lack of precision and some judges may encounter problems in processing

visual/spatial information. Bastick (1982) claimed that presentation format may in-

duce employment of particular cognition modes, such that graphical display induces

intuitive cognition whereas numerical information induces analytic cognition. Same

discussion may be done for the presentation of outcome feedback information. In

literature, graphical presentations were generally used for displaying cognitive feed-

back. In one of the rare studies comparing the e↵ect of information displays Balzer

et al. (1994) found that the presentation format of cognitive feedback information

doesn’t have a significant e↵ect on performance. Response mode is another factor

that might a↵ect judgment performance. As Cooksey (2007) stated response mode

especially numerical vs. graphical response mode is not studied widely.

As stated in Chapter 1 of the dissertation, our critical review of the MCPL literature

revealed that task modalities in terms of cue/feedback presentation and response col-

lection is not studied cumulatively. In most of the studies the performance in graphi-

cal presentations was superior as compared to other forms of presentation (e.g. verbal

or numerical). However there were exceptions (Balzer et al., 1994; Williams, 2001)

in which performance di↵erences were not significant. Another conclusion derived

from the literature was that the results were mainly task dependent (Kerkar, 1984;

Williams, 2001). Wickens & Scott (1983) examined the response mode modalities in

accordance with presentation modalities, and found that, if the stimulus, central pro-

cessing and response mode matched, the performance considerably increases. How-
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ever they have only investigated only auditory and graphical modalities, the numerical

and graphical response modes were not investigated in their study.

Being the actual actor of examination, the decision maker is in the spotlight of prob-

abilistic learning environment provided by the MCPL paradigm. The accuracy mea-

surement provided by Lens Model equation is about the performance of the individual

so that the properties of the decision maker may have the greatest importance in the

performance. Background knowledge, for example, is one of the key attributes of

decision maker who is functioning in real environments. Evans et al. (2005) stated

that the background knowledge or the experience of the decision maker is an impor-

tant parameter in MCPL studies, because it may e↵ect performance of the decision

maker, positively or negatively. For example, background knowledge may boost the

performance of decision maker by helping in extracting cue parameters. This positive

e↵ect can be controlled during selection of the judges (Cooksey, 1996). While exper-

imenting with some experienced learners, it is important to neutralize biases caused

by prior belief, by making some abstractions in the objects used in the experiments

(Tsao, 1994). For example, in a company assessment task, Tsao (1994) gave dummy

names to companies so that the judges didn’t use their previous knowledge about

them.

Our aim in this dissertation is to reveal some of the task specific and individual spe-

cific factors that a↵ect the learning performance in MCPL tasks, and find out their

relationship. In the literature review, as will be seen in the next section, individ-

ual di↵erences is not extensively studied in MCPL context. We think that variances

caused by the individual di↵erences of decision makers are other important factors

that a↵ect the performance. Furthermore, examination of variations caused by indi-

vidual di↵erences may provide some insights into the mechanism of mental activities

that occur during probabilistic learning. Actually, as Evans et al. (2003) mentioned,

and revealed from our literature review, there is scarcity in the cognitive theories of

MCPL tasks.

Consequently, in this dissertation, we aimed to examine variances caused by one

individual di↵erence namely Working Memory Capacity (WMC) of the judgments
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in probability learning tasks. The following section provides a review of Working

Memory in general and in the context of previous MCPL research.

2.2 Individual Di↵erences in Working Memory and Probability Learning

Individual di↵erences based studies aim to find out the variances in the behavior of

the individuals due to di↵erences caused by their associated abilities. Human deci-

sion making process is a high level cognitive faculty and it is related to basic cognitive

faculties. For example, reasoning is done by relying on the belief state and mental rep-

resentation of the problem. Information retrieval and processing processes need some

resources from cognitive abilities such as attention, short term and long term mem-

ory (Payne & Bettman, 2005). Emotions a↵ect all other cognitive processes (Payne

& Bettman, 2005). Creating mental representations are a↵ected by the previous ex-

periences (episodic memory) and knowledge (semantic/declarative memory). These

cognitive faculties build up a generalizable cognitive system but also produce some

individual di↵erences, that is, di↵erences caused by basic cognitive faculties, such

as working memory, or di↵erences caused by cognitive faculties at di↵erent levels of

human cognition such as, remembering patterns and association building ability.

In descriptive Judgment and Decision Making research, behavior of the decision

maker is in the focus. In general JDM context, there is a large amount research on

individual di↵erences (Appelt et al., 2011). The individual di↵erence measures used

in JDM were generally at a higher level of cognition like intelligent tests. There were

also some studies that aimed to describe the decision making process by means of low

level cognitive faculties such as working memory (e.g., De Neys & Dieussaert, 2005;

DeCaro, Thomas & Beilock, 2008). De Neys & Dieussaert (2005) experimentally

found that when there is a conflict in the belief and the logic, WM measure correlates

with the results whereas when the belief is in accordance with logic, low and high

span individuals performs equally.

As exemplified in the previous paragraph, working memory is a short term system
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involved in the control, retrieval and maintenance of limited amount of information.

The capacity of working memory, as to be elaborated later in this chapter, is an indi-

vidual di↵erence, because some individuals have more of it whereas some individual

have less (DeCaro et al., 2008). It is directly related to higher level cognitive pro-

cesses; the more working memory capacity individuals have at a given time, the better

performance will be on the types of reasoning, problem solving, and comprehension

tasks encountered, in both laboratory and complex real world tasks (Conway et al.,

2005).

As a Brunswikian JDM theory, Social Judgment theory and consequently MCPL, deal

with accuracy of the judgments, not the internal processes in the decision maker’s

mind. As Evans et al. (2005) stated, there is a scarcity in the cognitive theory for the

MCPL task and accordingly Social Judgment meta theory. One and to our knowledge,

the only e↵ort, trying to explain how cognition and MCPL interact is carried out by

Evans and his colleagues (Evans, 2008; Evans et al., 2005; Rolison et al., 2011). The

study particularly relevant to this dissertation is Evans (2008) in which he provides

a framework of dual processing accounts by exemplifying over MCPL tasks. In this

account of reasoning and judgment, Evans (2008) provides a framework to give an ex-

planation of higher level activities. This account of higher level cognition focuses on

the existence of two architecturally di↵erent systems which are separated from each

other as characterized by some attributes clustered by several point of view (Evans,

2008). For example, from individual di↵erences point of view one of the systems

(System 1) is independent of working memory, and other system (System 2) is lim-

ited by working memory capacity. If System 2 is active during a high level cognitive

activity then working memory is e↵ectively employed, whereas if System 1 is active

then working memory is not a determiner.

As a contribution to the cognitive theory of MCPL tasks, studying internal processes

that occur during MCPL tasks by linking them to some basic cognitive faculties is

relatively rare in literature. Chasseigne et al. (1997) empirically found that in case

of existence of negatively polarized cues, there exists a significant performance dif-

ference between older and younger people. Chasseigne et al. (1997) explained this

result with memory capacity decrease in aging accompanied with decrease in flex-
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ibility in functioning. Rolison et al. (2011), directly studied working memory and

MCPL relationship by using operational span task (Unsworth & Engle, 2007), a ver-

bal WMC measure. They used several MCPL tasks by manipulating the polarity of

cues and looked at the correlations between performance and WMC measure. They

have found that when there are negatively polarized cues, WMC measure may pre-

dict the performance and when all cues are positively correlated with criterion, WMC

measure does not have an e↵ect on judgment performance. They have concluded with

linking the results to dual system theories of judgment and decision making, stating

that negative ecological validity in a MCPL task induce explicit processing, but pos-

itive ecological validity induce implicit processing. Rolison et al. (2011) proposed

their findings as an evidence to dual processing in judgment and decision making

process.

Our concentration on WMC measures in this dissertation will involve di↵erent aspects

of WMC and task properties than the above cited works. For example, one of our aims

in this dissertation is to study the e↵ect of graphical settings in Multi Cue Probability

Learning framework. By graphical setting we mean usage of graphical presentation

(for both cues and outcome feedback) and providing a graphical response mode. We

think that this type of settings provide a learning environment superior in terms of

achievement as compared to numerical rich settings. Furthermore, we propose that

visually rich environment is linked to visual working memory whereas numerically

rich environment is linked to verbal memory. In the following subsections a brief

review of Working Memory will be given in the scope of this view.

2.2.1 Working Memory Capacity

As previously mentioned, Working Memory (WM) has a central role on the high level

cognitive activities such as, reasoning, problem solving and decision making (Engle,

2002). This makes the Working Memory one of the central constructs in cognitive

psychology research (Conway et al., 2005).
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In the multiple component view of the working memory, Baddeley (2000) models

working memory as composed of three di↵erent components. There are two slave

systems that holds short term information and a central executive, which is responsi-

ble for the coordination of the slave systems and for managing the information to be

stored. Slave systems are phonological loop and visuo-spatial sketchpad. Phonologi-

cal loop holds the phonological information by continuously looping the articulation.

Visuo-spatial sketchpad on the other hand holds, visual (color, shape, texture) and

spatial (location related) information. Full review and the contemporary status of the

theory of Working Memory is beyond the scope of this dissertation. In the remaining

parts literature on measuring working memory capacity will be emphasized.

As a measure of working memory, Working Memory Capacity (WMC) can be de-

fined operationally, as the number of items that can be held and recalled during a

suitable task. Complex working memory tasks have the common property of having

successive (1) storage (holding information available for a later recall) (2) process-

ing (manipulating information for an ongoing computation) components (Barrett &

Tugade, 2004).

In parallel with the Baddeley and Hitch’s multi component working memory model

(Baddeley, 2000) , WMC measures can be classified into two main groups according

the type of information stores: one group measuring the capacities related with the

phonological loop and called as verbal WMC measures, and the other measuring

the capacities related to visuo-spatial sketchpad and called as visuo-spatial WMC

measures. In the following sections the WMC tasks used in our study will be given

under Verbal WMC Measures and Visual WMC Measures titles.

2.2.1.1 Verbal WMC measures: Automated Operation Span (AOSPAN) and
Backward Digit Span

For verbal content like letters, numbers, words, etc., in literature, there are several re-

liable measurement methods called as "span tasks" (Conway et al., 2005). The count-
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ing span, operation span, and reading span are the most popular or highly mentioned

and used span tasks.

Among the working memory capacity measuring tasks such as Reading Span Task

(Daneman & Carpenter, 1980) and Counting Span Task (Case, 1985) we have selected

Operation Span Task (OSPAN) (Turner & Engle, 1989) as the task for measuring ver-

bal Working Memory, because the results obtained with this task are in accordance

with the other span tasks’ measures and not a↵ected by cultural di↵erences (Turner &

Engle, 1989). OSPAN is also highly demanding as it involves a second task, that also

must be performed to a predetermined level of achievement. Whereas this may pre-

vent any possible ceiling e↵ects, it also raises the question of what cognitive faculty

exactly OSPAN measures (Turner & Engle, 1989).

A practical version of operation span task is developed by Unsworth et al. (2005) and

called as "Automated Operation Span Task (AOSPAN)". In the original task, partici-

pants solve a series of algebraic operation and at the same time they are supposed to

remember set of unrelated letters. They read aloud the algebraic operations and the

letters are presented. After reading the letter, the next algebraic operation is displayed

to them. At the end, participants try to recall all words in the presented order. In the

automated version (AOSPAN) there is no need for experimenter’s intervention and

participants can run the experiment by themselves so that the results are collected and

calculated automatically.

In AOSPAN, the basic idea is to interfere recall, in a simple letter remembering task,

with calculation of arithmetic operations. Participants complete an arithmetic oper-

ation and select true or false when an answer for that operation is presented. After

selecting true or false, a new letter, to be remembered is presented. This sequence is

repeated multiple times and the participant enters the sequence of remembered letters

at the end. During the exercise session mean value of arithmetic operation completion

time is calculated by the computer and this mean value is used in the experiment ses-

sion. If participants waits longer than this value, true/false screen is not displayed and

arithmetic operation is recorded as false and a new letter is shown. Participants have

to have at least %85 correct arithmetic operation level and their progress displayed to
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them in each trial. If such a limitation was not applied then the participant would wait

on arithmetic operation screen and rehearse the letters.

In Backward Digit Span task, a variant of digit span task, individuals recall the digits

in the reverse of displayed order. In literature there are two contradicting findings

as to whether that backward digit span task measures short term memory or working

memory. Engle et al. (1999), in their analysis, found that mental transformation is

not enough to turn an immediate memory task (i.e. task without an interfering sec-

ondary task) into Working Memory task. Oberauer (2000), on the other hand, found

that, simple transformation span tasks, such as backward digit span task, measure the

same construct as WM. Currently, the reason for this contradiction is not clear, but if

BDS and AOSPAN measure di↵erent kind of capacities in WM, their interaction with

di↵erent paradigms - as done with MCPL in this dissertation- may bring out what

the di↵erences can be. We have selected AOSPAN and BDS measures as the verbal

WMC measures to be used in our experiments. The main reason for selecting these

tasks was their easy-to-administrate procedures. In literature there is a consensus

about what AOSPAN measures; the central executive and verbal short term compo-

nents. However BDS is di↵erent because it is not clear what is measured by this task.

Choosing an alternative that employs a di↵erent procedure would have the possibil-

ity to reveal the relationship between working memory and learning performance in

MCPL tasks.

2.2.1.2 Visual WMC measures: Corsi Block Tapping Test

Corsi Block Tapping (CBT) test is one of the best known memory span procedures,

which is named after, Corsi who invented it, in collaboration with Brenda Milner(Cornoldi

& Vecchi, 2003). In Figure 2.2, the main component of the procedure is shown - a

table and wooden cubes. Test administrator sees the numbers for interpreting results.

In the presentation phase, the examiner presents a sequence by touching the cubes

with hand, and in the recall phase, the participant is asked to repeat the sequence. In

the computerized version, rectangles are displayed instead of cubes and the third di-
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Figure 2.2: Wooden board and cubes used for the Corsi Block Tapping test (Adopted
from Cornoldi & Vecchi, 2003).

mension is omitted. Another di↵erence in computerized version is the absence of the

movement indicator, i.e. the hand in the original version (Cornoldi & Vecchi, 2003).

It was empirically shown that CBT measures a WM component di↵erent than ar-

ticulatory auditory components (e.g. phonological loop) (Vandierendonck, Kemps,

Fastame & Szmalec, 2004). For example, participants with normal digit span and

high Corsi scores have a better memory of film and pathway descriptions. A back-

ward version Corsi test, similar to backward digit span also exist. In this task, recall is

made in the reverse order of presentation. The analogy between Backward Digit Span

is partial because performance decrease in being backward as opposed to forward is

not seen Backward Corsi Test. This is because it is more natural as compared to BDS,

because it is a kind of return journey (Kessels et al., 2008). Although, CBT is known

as the one of the most widely used indicator of visuo-spatial working memory, there

are findings that it measures a construct di↵erent that visuo-spatial working mem-

ory, with the inclusion of central executive components of WM (Cornoldi & Vecchi,

2003). Still for the scope of this dissertation, it is evaluated as the simplest visuospa-

tial WM measure, as other measures (Cornoldi & Vecchi, 2003) have components

such as path planning or transformation of shapes, which are unrelated to the nature

of MCPL tasks.

Backward Digit Span task and Corsi Block Tapping tests are widely used to assess

verbal and visuo-spatial working memory components. Engle et al. (1999) regard

BDS task as a short term memory measure. It is a short term memory construct and

measures the verbal slave component of the working memory called as the phono-
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logical loop in Baddeley (2000)’s Working Memory model. However, there are con-

flicting findings about the involvement of central executive in BDS task. Some re-

searchers argue that because of reverse ordering, central executive must be involved

in the task. In contrast, some other researchers claim that simple reversing is not

enough, an interfering activity involved with the central executive (such as a mathe-

matical operation as in operation span) is needed between items (St Clair-Thompson,

2010). The status of Corsi Block Tapping and its reversed version, in terms of their

relation working memory components, is clearer in literature. Kessels et al. (2008)

have found that both CBT and backward versions rely on similar components. They

have also found that although backward version of digit span task is more di�cult as

compared to forward BDS, they also relied on the same cognitive constructs.

We have generated our hypotheses, by considering that using di↵erent types of pre-

sentation/response modes in MCPL tasks may activate di↵erent types of representa-

tions in the mind, and these representations may be processed di↵erently or even in-

dependently. This consideration suggests that there might be an interaction between

individual cognitive abilities and the presentation/response mode of cues such that

cue-criterion relations that are presented in a manner congruent to someone’s abili-

ties are learned more quickly than in-congruent ones. For instance, working memory

ability might be predominantly verbal or alternatively predominantly visual and con-

sequently, the mode of presentation/response as being numerical or graphical may

interact with the type of working memory ability. Furthermore, other task properties

such as number of available cues and the way cue contribute to criterion value may

trigger the allocation of decision makers’ resources di↵erently. Therefore when ma-

nipulating the MCPL task with di↵erent presentation modes and other attributes, we

aimed to measure the activated Working Memory components by means of Verbal

and Visual WMC measures.
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2.2.2 Experimenting with Capacity Measures

There are two experimentation approaches used to assess about the role of working

memory capacity in learning (Schüler, Scheiter & Genuchten, 2011) : capacity ap-

proach and dual task approach.

According to the capacity approach; the capacities of the subsystems are measured

and linked to learning outcomes to test whether individual di↵erences in working

memory capacity explain the variance in learning outcomes (Andrade, 2001). If the

capacity di↵erences in one of the subsystems of working memory are associated with

di↵erent learning outcomes, we can assess that this subsystem was involved during

learning (Schüler et al., 2011).

In the dual-task approach, participants perform a secondary task along with the learn-

ing task. This dual task requires information processing in one of the subsystems

of working memory, so that, if there is an interference between the primary learning

task and the dual task, it can be deduced that this subsystem was involved during

learning. The interference can be deduced by comparing the learning outcomes with

a controlled condition in which no dual task is employed (Schüler et al., 2011).

We have chosen a capacity based approach in our experimentation because capacity

approach is easy to implement as capacity measures are easy to administer and they

can be conducted before and after the actual learning experiment. But, as a handicap,

appending extra capacity tests to the beginning or end of the experimentation session

may extend the duration and consequently may cause some fatigue and decreases the

motivation (Schüler et al., 2011).

There are some alternative options in scoring working memory span tasks, such as,

"all-or-nothing unit scoring", "partial-credit unit scoring", "partial-credit load scor-

ing" and "all-or-nothing load scoring" (Conway et al., 2005). In "all-or-nothing unit

scoring" only the number of correctly remembered sequences are taken into account.

In "all-or-nothing load scoring", as distinct from "all-or-nothing unit scoring", instead
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of one for each sequence, the length of the correctly remembered sequence is added to

the score. For the partial scoring, a partial score is added for the items remembered in

the correct position. The e↵ect of scoring of WM span tasks is not taken into account

in most of the research literature (Conway et al., 2005). However there may be some

drawbacks of scoring with di↵erent alternatives, because di↵erent scoring procedures

not only may a↵ect the rank order of subjects, but also change the results of data

analyses (Conway et al., 2005). In our experimental methodology and analysis we

have both used absolute and partial scoring and did not find a significant di↵erence

between them and we stuck on "all-or-nothing unit scoring" in most of the analyses,

exceptions stated and justified where applicable in the following chapters.

In our experimental methodology (see Section 3.4, Section 4.4 and Section 5.4) we

have followed the capacity approach because of its practical administration. Now

that the literature related with the research motivation of this study is reviewed, we

do want to state our hypotheses in the next section.

2.3 Hypotheses

We have stated our research questions in the Introduction (see Chapter 1) part of

the dissertation. Related to first research question, based on the previous findings in

the literature, we are predicting to see a superior performance in graphical presenta-

tion/response mode in MCPL tasks.

H1: Graphical presentation/response mode has a superior e↵ect on learning perfor-

mance as compared to Numerical Mode of presentation/response.

Our other research questions address the e↵ect of individual di↵erences in working

memory capacity. In our literature review we have seen that working memory is ef-

fective in MCPL tasks, as it is e↵ective in other higher level of cognitive abilities

such as reasoning and problem solving. Furthermore, we think that when task modal-

ity becomes inline with cognitive capabilities, the learning performance in MCPL
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will increase significantly so that in case of graphical modality, visuo-spatial work-

ing memory could be more e↵ective, whereas, in case of numerical modality verbal

working memory components are more e↵ective. Related to this brief justification,

the following hypotheses could be stated:

H2: WMC measures are positive predictors of learning in MCPL tasks.

H3: Verbal WMC interacts with mode of presentation so that, learners with high Ver-

bal WMC outperform the learners with low Verbal WMC in case of numerical mode

of presentation, but learning in graphical mode is unrelated to verbal WM perfor-

mance.

H4: Visual (spatial) WMC interacts with mode of presentation so that, learners with

high visual (spatial) WMC outperform the learners with low Visual WMC in case

of graphical mode of presentation, learning in numerical mode is unrelated to visual

(spatial) WM performance.

Last two hypotheses construct a double dissociation about the interaction of visual

and verbal components of WMC with the graphical and numerical MCPL conditions.

Double dissociation demonstrates that two experimental manipulations a↵ects two

functions di↵erently. If only one of manipulations a↵ect one of the functions and not

the other function, this is called single dissociation. In addition to this, if the other

manipulation a↵ects the second function but not first one, then this means a double

dissociation between the functions. When this idea is applied to our case, the e↵ect of

visual and verbal WMC abilities on visual (graphical condition) and verbal (numer-

ical condition) MCPL are such that, being low in visual (spatial) ability impairs the

achievement in visual (spatial) condition but do not e↵ect the achievement in verbal

condition. Being low in the verbal ability, on the other hand, impairs the achievement

in verbal condition but do not e↵ect the achievement in visual (spatial) condition. If

either Hypothesis 3 or Hypothesis 4 is supported, this is a single dissociation between

achievement in numerical modality and achievement in graphical modality. If both

hypotheses are validated, this implies double dissociation.
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Detecting a dissociation, statistically, can be done via interactions. Suppose there are

two functions - function1 (e.g. achievement in graphical modality) and function2 (e.g.

achievement in numerical modality) - and two components namely component1 (e.g.

visual memory as measured by visuo-spatial WMC) and component2 (e.g. verbal

memory as messured by verbal VMC) in a hypothetical system. If there is a dissocia-

tion, typical interaction graphs must be something like the figures given in Figure 2.3

and in Figure 2.4. Figure 2.3 represents the impairment in function1 and function2

in case of normal (or high) and impaired (low) for component1. Similarly, Figure

2.4 represents the impairment in function1 and function2 in case of normal (or high)

and impaired (low) component2. For dissociation to exist, we must expect interaction

graphs similar to these graphs and the interactions must be statistically significant.

Figure 2.3: Interaction in case of impairment in Component1

Figure 2.4: Interaction in case of impairment in Component2

2.4 Summary and the Gaps Found in the Literature

In MCPL literature review, we have seen that the e↵ect of presentation of cues and

feedback explored in several studies. Although it has been thought that graphically

rich presentations are intuitively processed (Bastick, 1982) and have some advantages

on numerical displays, the empirical findings did not support this idea (Kerkar, 1984).
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In our literature review, we have seen that, in MCPL paradigm, the e↵ect using graph-

ical or numerical modalities in presentation of cues/outcome feedback and collecting

response was not studied before. We believe that if the modalities in presentation

and response collection matches then this will help revealing the e↵ect of di↵erent

modalities.

At the start of this study we have aimed to investigate the employment of working

memory capacity in MCPL tasks. In MCPL we have found only one study that ex-

plored the relationship between working memory capacity and performance. In that

study, Rolison et al. (2011) used only one WM measure. Observing the relationship

between performance and WMC as indicated by di↵erent memory span tasks will

help to reveal e↵ect of WMC on MCPL performance. On the other hand, the re-

lationship between working memory components as proposed in Baddeley’s model,

and the performance in di↵erent MCPL modalities was not studied before. Therefore

it is unknown, in literature, whether di↵erent WM capacities e↵ect performance in

graphical and numerical MCPL modalities di↵erently.

In this chapter a brief literature review within the scope of of this dissertation is given.

First, MCPL paradigm and its theoretical background is explored. Then individual

di↵erences in working memory are mentioned. One aim of this dissertation is to

explore the e↵ect of numerical and graphical presentation of cues and feedback in

MCPL paradigm. Another aim is to find out the e↵ect of working memory capacity on

the learning performance in MCPL. In order to find answers to our research questions

introduced in Chapter 1 and test our hypotheses, four experiments were designed and

conducted. Experiments are based on the manipulating the MCPL tasks by means

of several conditions related presentation/response modes and other MCPL attributes

and measuring learning performance, accompanied with several working memory

capacity measurement tasks. The details of the experiments are given in Chapters 3,

4, 5 and 6.
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CHAPTER 3

EXPERIMENT 1

In this experiment, we have focused our interest in understanding whether the pre-

sentation and response modes have an e↵ect on the learning performance in MCPL

tasks. Hence numerical and graphical modalities of MCPL tasks, di↵erentiated ac-

cording to graphical and numerical display formats and responses, were generated.

By numerical modality we mean, presentation of the cues and the outcome feedback

in MCPL task is numerical and the response of the decision maker is collected numer-

ically. In graphical modality on the other hand, presentations are made graphically

and response is given graphically.

Another aim of this experiment is to find out how Working Memory Capacity (WMC),

specifically AOSPAN (Unsworth et al., 2005) a↵ects learning performance in MCPL

tasks. We particularly investigated whether the role of WMC depends on numerical

and graphical modalities in MCPL task.

3.1 Participants

A total of fifty one (51) individuals participated in this experiment. All of the partici-

pants were undergraduate university students (18-23 years old) from Bilkent Univer-

sity1. Thirty five (35) of them were female; sixteen (16) of them were male. Twenty

six of the participants attended to graphical MCPL condition (10 male, 16 female)

1 Participants attended to the experiment for course credits.
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and twenty five of the participants attended to numerical MCPL condition (6 male,

19 female). All participants received AOSPAN task.

3.2 Design

The primary aim of the experiment was to observe the judgment achievement of de-

cision makers in MCPL task and understand the achievement di↵erences caused by

numerical and graphical modalities. Therefore two conditions called as numerical and

graphical modes of the same MCPL task were generated. The details of the task are

given in the next section. Because our focus was the achievement in MCPL task, the

independent variable in this experiment was MCPL task modality (i.e. numerical and

graphical presentation and response mode). The dependent variables, achievement

scores, were calculated as the correlation of judgment responses and criterion val-

ues. Seven di↵erent achievement scores were produced. One of them was the overall

achievement, the correlation between judgments and criterion values calculated for

300 trials. The remaining six were the block achievements which were obtained by

splitting the 300 trials into six blocks and calculating correlations between judgment

and criterion values for 50 trials existing in each block. The experiment employed

between-subjects design and participants were randomly allocated to the graphical or

numerical modes.

3.3 Apparatus

Each participant completed one condition of the MCPL task (numerical or graphical

condition) and the AOSPAN WMC measurement task. These tasks were computer-

ized by means of E-Prime (version 2) software and executed by this tool on a personal

computer (PC). Each task was completed without any time restriction. However, if a

participant waited longer than a predefined time frame (20 seconds) when responding

to a cue profile, a warning was shown. Desktop and notebook computers with 15 and

15.4 inch display sizes were used in the experiment. The visual components used
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in the screens of the tasks, were large enough to see when seated at a fair distance,

invariant to the size of the display.

3.3.1 MCPL Tasks

MCPL task was designed with two conditions. Two conditions became di↵erent in

presenting cues and feedback and collecting response. The criterion function and

flow of the task were same in each condition. We have adapted the criterion function

and the task flow from a previous study (Chasseigne et al., 1997). Chasseigne et al.

(1997) used their task to investigate the e↵ect of inverse relationships between cues

and criterion on elder people. There were three cues in their task. In their study,

information cards were used to present cues to the participants. Cues were presented

using vertical bars. Cards had the criterion values on their back sides. Participants

were shown the criterion value as outcome feedback after making their decision.

We have adopted their methodology in terms of number of cues, form of criterion

function, presentation method of stimuli and feedback. The criterion function was

not exactly same but similar to function in the original study in terms of polarity of

cues. By contacting the researchers (E. Mullet, personal communication, August 19,

2009), we tried to obtain the stimuli set so that we can exactly replicate the study, but

we couldn’t get them but only the correlation values and other settings they have used

were obtained. Thus, we used the same correlation and weight values but generated

our own stimuli set. In our study we have used the criterion function below:

Y = 0.63A + 0.40B � 0.60C

In this equation, Y is the criterion value to be predicted, A, B, C represents the three

cues. This criterion function contains both positive and negative relationships be-

tween the cues and the criterion. Two of the cues ( A and B) are positively related to

criterion and one of them ( C) is negatively related.
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Cue values, that were presented to decision maker, were selected such that inter-

correlations of cues were near to zero as the original experiment. In other words, the

cues were nearly independent of each and this made the task settings less complicated

and easier to learn (Lindell & Steward, 1974). Another restriction for selecting cue

profiles was that the criterion value must be between 1 and 9. Therefore, 300 cue

profiles were selected among 9x9x9 di↵erent possible cue profiles such that range of

the criterion value was between 1 and 9, and the inter-correlations were near to zero.

At the beginning of selection procedure, criterion values were calculated by using

the weight values 0.7, 0.4 and 0.6, but the weights shown in the above equation were

found after regression analysis conducted with cue values and corresponding criterion

value. The change in the weight values were mainly introduced by the truncation

errors. The histogram of the criterion values for which the cue profiles were presented

are shown in Figure 3.1.

Figure 3.1: Histogram of criterion values corresponding to displayed cue profiles

MCPL experimentation generally follows the same phases (Chasseigne et al., 1997;

Cooksey, 2007) : first an introductory and explanatory material about the experiment

is given, then several training trials are performed by the participants, finally the

actual trials that will be taken into account are given.
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Each trial of a typical MCPL task, consists of presentation of cue(s), collecting re-

sponses from the participants and giving outcome feedback. In the test phase the last

50 trials were given without outcome feedback, in order to measure what has been

learned. These 300 cue profiles were presented randomly to the participants. As a re-

sult of randomization, each participant exposed to a di↵erently ordered cue profiles.

Following the general MCPL flow, in both numerical and graphical task conditions,

first an introduction was made and the steps were explained. Then a story about the

cue-criterion relationship was given. The same phenomenon as in the original study

was used to explain the cue criterion relation. The English version of the explanation

is as follows (the actual used Turkish version is given in Appendix-A).

A Boiler is a device used to convert water into steam. A special type of boiler is

shown in the figure (Figure 3.2 ). The temperature of the water delivered by the boiler

could be controlled by the three knobs. There is a relationship between the levels of

the three indicators presenting the settings for each knob and the temperature of the

water. But exact prediction of the temperature was impossible because of a safety

mechanism acting independently.

Figure 3.2 is used in the graphical condition. For the numerical condition, the screen

shown in Figure 3.3 was displayed to the participants.

As we mentioned previously, a typical trial in a MCPL task consists of three basic

steps (Cooksey, 2007). In the presentation step, a specific profile of the cues are

shown to the participant. Then the prediction (judgment) about the criterion value is

collected. Finally, the correct criterion value associated with the specific cue profile

is shown as outcome feedback. This sequence continues repeatedly until all trials are

presented to the participant. The task consists of 300 hundred trials and it generally

lasts between 30 minutes and 1 hour. Di↵erent modes in these three steps constitutes,

the two conditions of our MCPL task. In the numerical condition, cues are displayed

as numbers, input boxes were used to collect numerical criterion values, and outcome

feedback is displayed as a number. In the graphical condition, cues are presented

by using vertical bar graphics, responses are collected by means of a user controlled
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Figure 3.2: Figure Used to Explain Phenomenon (Graphical Condition)

vertical bar and outcome feedback is presented graphically.

3.3.1.1 Numerical Condition

Figure 3.4 presents a sample cue display screen for the numerical condition. In this

condition, cue values are displayed numerically and their position was distributed

vertically on the screen. The judgment about these cue configuration is collected

via a pop-up window. Participant directly enters the intended value on the pop-up

window.

The feedback used in our MCPL task is a simple outcome feedback - the correct

criterion value for the presented cue profile. Feedback presentation screen displays

the judgment made by the participant and the real criterion value collaterally (see

Figure 3.5).

38



Figure 3.3: Figure Used to Explain Phenomenon (Numerical Condition)

3.3.1.2 Graphical Condition

Figure 3.6 represents a sample cue display screen for the graphical condition. The

bars representing the cue values are distributed horizontally on the screen. The judg-

ment about these cue configuration is collected via "up" and "down" arrow keys,

which increases or decreases the height of the bar representing the judgment. Partic-

ipant provides their judgment by pressing the "enter" key after they set the height of

the bar at an intended position.

Feedback presentation screen displays the judgment and the real criterion value side

by side as vertical bars. (see Figure 3.5).
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Figure 3.4: Cue presentation screen for the numerical condition

Figure 3.5: Feedback presentation screen for the numerical condition
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Figure 3.6: Cue presentation screen for the graphical condition

Figure 3.7: Feedback presentation screen for the graphical condition
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Figure 3.8: AOSPAN Task Operation Screen

Figure 3.9: AOSPAN Task Operation Recall Screen

3.3.2 AOSPAN Task

As mentioned before AOSPAN procedure is conducted on computer by means of

E-Prime software 2. According to AOSPAN task procedure, participants complete

an arithmetic operation (like "(1*2)+1") and select true or false when an answer for

that operation is presented (see Figure 3.8). After selecting "true" or "false", a new

letter to remember is presented (see Figure 3.9). This sequence is repeated multiple

times and subject enters the sequence of remembered letters at the end. Length of the

sequence varies from 3 to 7.

2 The E-Prime script was originally developed by Unsworth, Heitz, Shrock & Engle (2005) and translated
into Turkish by Çak (2011)
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Figure 3.10: AOSPAN Recall Screen

At the recall screen, participants try to recall letters in the presented order (see Figure

3.10 ). For 80 di↵erent letter sequences having various lengths from three to seven,

the procedure is repeated. After each recall, the computer provides feedback about

the number of the letters correctly recalled in the current letter sequence. Procedure

finishes after completion of 80 letter sequences. The duration of AOSPAN was mea-

sured by means of pilot experiments. It was seen that it lasts about twenty minutes on

average.

Only the results in which 85% of mathematical operations correctly answered is ac-

cepted as valid (Unsworth et al., 2005). AOSPAN task have two di↵erent scores

which are calculated automatically by the script. In absolute scoring only the cor-

rectly remembered sequence is taken into account. In partial scoring, on the other

hand every letter remembered at the correct position is taken into account. For ex-

ample for FQTSRH letter sequence, if a participant remembers FQS at the correct

position, in partial score calculation, only the 3 letters are taken into account but in

absolute scoring calculation, nothing is added to total absolute score. We have em-

ployed both scores in our analyses to see whether they cause di↵erent results.
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3.4 Procedure

Participants attended to the tasks in a room with maximum of 3 seats. They have been

given Information Consent Form3 (see Section A.2 in Appendix A) before starting and

Debriefing Form (see Section A.3 in Appendix A) after finishing the tasks. They were

assigned to one of the MCPL conditions and the AOSPAN task. First MCPL task, then

AOPSAN task was conducted. Participants were instructed as explained in the related

apparatus. No break was given between the tasks, except when requested by the

participant. This choice of giving no breaks was chosen as a result of pilot experiment

where a great majority of participants did not want to wait. If a participant requested a

break between the tasks, the break’s duration was a few minutes. Participants assigned

to MCPL conditions by first considering to balance number of attendees to graphical

and numerical conditions, then considering to balance the gender of the participant’s

in each MCPL condition.

3.5 Results

3.5.1 Data Preparation

Lens model correlations were calculated by using the data collected by means of E-

Prime software. To calculate MCPL achievement scores, participants’ predictions

have been divided into 6 blocks. Because there were 300 trials, each block consisted

of 504 trials. Because we have 300 trials in total, it was possible to allocate the highest

number of trials suggested by literature, for calculating the achievement for a block.

For this reason, an individual’s achievement (Pearson’s coe�cient, ra) was calculated

by correlating her/his predictions with the criterion values over 50 trials (for block

achievements) and over 300 trials (for overall achievement). The achievement scores

3 The permission for experiments was given by the Ethics Committee at 7 April 2010 before the experiments
started. The signed approval letter (given after the dissertation is is successfully completed) is given in Section
A.4 in Appendix A.

4 In the literature the number of trials used in the statistical analysis varies between 20 to 50 (Cooksey,
2007). Higher number of trials is better because this produces statistically more reliable results.
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of the individuals are shown in Table B.1 and Table B.2 in Appendix B.

Typical sample based correlations are not normally distributed. To reduce the errors

caused by this non-normality, they should be corrected. Any Lens model based corre-

lations (e.g. validity and achievements) used in an ANOVA analysis as an dependent

variable should also be corrected. Fisher transformation is an appropriate transforma-

tion for this correction (Cooksey, 2007) :

zr =
1
2 ln
⇣

1+ra
1�ra

⌘

The calculated correlation values were transformed according to Fisher’s formula,

before they were used in any ANOVA analysis. To easily interpret the result when re-

porting mean values for each level of each e↵ect in the ANOVA a back transformation

should be applied using the inverse function:

r = e2zr�1
e2Zr+1

When presenting values in the correlation domain, this back transformation is ap-

plied on the transformed correlation scores. Fisher transformed achievement scores

were labeled by adding the prefix "FT" in front of the previous label. For example,

Fisher transformed Block 6 achievement was labeled with the label "FTB6". Overall

achievement on the other hand was labeled with "FTAch". Please consider this legend

in the rest of the dissertation.

3.5.2 Analysis

The mean values of achievement scores for each block is depicted together for nu-

merical and graphical modalities in Figure 3.11. The progresses in the learning can

be clearly seen in this figure.

As related to the e↵ect of task modality, we can say that, means of achievement for
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Figure 3.11: Mean achievements for each Block

graphical condition group was higher and clearly separated from numerical condition

group. This inference can be observed in the plot shown in Figure 3.12. This plot de-

picts the errors (confidence interval) bind over the mean values of Fisher Transformed

achievement values for "Achievement for the Block-6" and "Overall Achievement".

Block-6 is the block in which no outcome feedback was presented. It can be assumed

that Block-6 achievement represents participant’s tested learning performance. Over-

all Achievement, on the other hand, represents the cumulative achievement. What we

expect to see is that Block-6 achievement will be greater than Overall Achievement.

However it is possible that, in Block 6, not seeing feedback may e↵ect participant

negatively. Therefore examining the overall achievement can be an alternative way of

assessing learning performance.

One-way ANOVA was conducted as mode of presentation (MCPL condition) be-

ing the independent variable (see Table 3.1). ANOVA results showed that there is a

strong e↵ect of MCPL task modality (independent variable) on the variance of "Block

6 Achievement" and "Overall Achievement" scores. The main e↵ect of mode of pre-

sentation on "Block-6 Achievement" was significant, F(1,49)=16.44, p<.01. Cohen’s

e↵ect size value (d = .50) suggested a moderate practical significance. E↵ect was also
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FTB6=Fisher transformed Block 6 achievement. FTAch=Fisher transformed overall achievement.

Figure 3.12: Error plot for the Block-6 and Overall Achievements (Experiment-1)

significant for the "Overall Achievement", F(1,49)=18.52, p<.01. Cohen’s e↵ect size

value (d = .50) again suggested a moderate practical significance.

In order to examine the e↵ect of working memory capacity on the MCPL achieve-

ment, first a correlation analysis was conducted between achievement scores and

AOSPAN scores. As explained in section 3.3.2, in general, two di↵erent methods are

used when scoring working memory capacity (WMC). In our analysis, we have la-

beled the absolute scoring with AOSPANSCORE and partial scoring with AOSPAN-

TOTAL. The achievement and AOSPAN scores for each participant are shown in

Table B.1 and Table B.2 in Appendix B.1.

Correlation analysis showed that, neither of the AOSPAN scores significantly corre-

lated with the "Block-6 Achievement" and "Overall Achievement". The correlation

table for this analysis is given in Table 3.2.

For examining how AOSPAN scores correlated with the numerical and graphical

modes of MCPL task, the data was grouped according to the mode of presentation

47



and separate correlation analysis was conducted for both of groups. In graphical con-

dition, there was a significant correlation (r=.476) of total achievement with AOSPAN

score at 0.05 level. But, for the numerical case there wasn’t a significant correlation.

The correlation tables are shown in Table 3.3 and Table 3.4. The scatter plots given in

Figure 3.13 reveals the same results presenting the linear relationship between learn-

ing performance and AOSPAN for the graphical modality. However the scatter plot

of learning performance and AOSPAN score for numerical modality shows that there

is no association between them.

Figure 3.13: Scatter plots of learning performance (overall achievement) and
AOSPAN for numerical and graphical conditions (Experiment-1).
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Table 3.1: One Way ANOVA conducted for the dependent variables, FTAchv and
FTB6 (Experiment-1)

Table 3.2: Correlation analysis for overall data (Experiment-1)
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Table 3.3: Correlation analysis for graphical condition data (Experiment-1)

Table 3.4: Correlation analysis for numerical condition (Experiment-1)
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3.6 Discussion

An experiment to test the e↵ect of task modality in a typical Multi Cue Probability

Learning (MCPL) task is designed and conducted. Our first two hypotheses were

tested in this experiment.

The statistical analysis suggests that the task modality, that is whether the cue presen-

tation/judgment collection and feedback presentation is done by means of graphical

or numerical methods, a↵ects the performance of the decision maker. In other words,

there exist a di↵erence in the performance of the individual that is caused by the

presentation method. Furthermore, the judgment performance of the decision maker

in graphical mode is higher than the performance in numerical mode. This results

supports our first hypothesis which predicts the superiority in performance in case of

graphical modality.

Regarding to the hypothesis about the prediction ability of WMC on MCPL, in the

experiment, we have measured the verbal working memory component capacity via

a frequently used and cited WMC measurement method called AOSPAN. It has been

seen that AOSPAN score did not correlate significantly with MCPL performance of an

individual. Our third and fourth hypotheses were about interactions between work-

ing memory components and MCPL task modality. To see the interactions, AOP-

SAN scores were correlated with those groups separately. These correlations values

suggested that, when graphical mode of presentation is used, there occurs a strong

correlation between AOSPAN score and MCPL score. This result implies that if an

individual has a high AOSPAN score (and verbal WM capacity consequently), than

it is probable that, that individual will succeed graphical mode MCPL task. This sig-

nificant correlation was for the overall achievement (FTAchv), which was calculated

by taking into account all 300 trials.

In the correlation analysis, it was seen that AOSPAN measure only correlates with

only total achievement scores. This observation suggested us to inspect di↵erent

working memory capacity measures available in literature. Furthermore, as capac-
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ity measurement based experiments brings some methodological problems (Schüler

et al., 2011), such as causing fatigue, we considered to decrease the duration of WMC

span task. Therefore, in addition to AOSPAN measure, Backward Digit Span (BDS)

task was used as a verbal WMC measure in the next experiment.
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CHAPTER 4

EXPERIMENT 2

In the first experiment, as predicted, we have found a moderate e↵ect (e↵ect size= 0.5)

of presentation and response mode in MCPL task with three cues. Verbal WMC as in-

dicated by AOSPAN task, on the other hand, has had a limited e↵ect in contrast to our

predictions. Therefore in this experiment we have intended to employ another verbal

WMC measurement task which may interact with performance in MCPL di↵erently.

Furthermore, because we have planned to add some other WMC measurements in

the scope of the thesis, we have considered an easy to administer, low duration al-

ternative to AOSPAN task. Among the already examined verbal working memory

measurement tasks, we have settled on Backward Digit Span (BDS) task, because it

was the lowest duration task as measured in our pilot studies. The details of this task

is given in the apparatus Section 4.2.

Another reason for designing this second experiment was to tune some display for-

mats in the MCPL conditions, and consequently observe the e↵ect of this correction.

We have concluded that the following recommendations may be applied in order to

avoid extra interference that may be caused by material design1:

1. Making the cue display screens in numerical condition in accordance with

graphical condition in terms of spatial distribution: In the first experiment,

in the numerical modality, cues were distributed vertically across the screen

whereas they were horizontally distributed in the graphical case.
1 As suggested in the relevant Thesis Progress Committee meetings after reviewing of the results of the first

experiment
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2. Use of uni color (black) bars in the graphical condition: They were colored in

the first experiment and it was considered that this may e↵ect learning because

it may be captured by decision makers as an extra information about the task.

In MCPL literature this kind of information is known as one type of cognitive

feedback(Harvey, 2012).

3. For both numerical an graphical conditions, in feedback screen, instead of just

outcome feedback and judgment values, showing also cues values: The reason

for this modification was to support decision maker during learning.

MCPL tasks used in the first experiment was updated by implementing these recom-

mendations. The resulting screens are given in the Section 4.2.

4.1 Participants

This experiment was done with several participant groups from METU and ATILIM

universities’ psychology and computer science departments. Fifty eight participants2

attended to this experiment.

Thirty nine (39) of the participants (18-23 years old) were undergraduate univer-

sity students who were taking "Introduction to Psychology" course (from METU

and Atılım University) and "Computer Science" students from METU. Remaining

19 were recently graduated Computer Engineers (25-30 years old). Thirty one (31)

of them were female, twenty seven (27) of them were male. 30 of the participants

attended to graphical MCPL condition (15 males, 15 females) and twenty eight (28)

of the participants attended to numerical MCPL condition (16 males, 12 females). All

participants received Automated Operation Span and Backward Digit Span tasks.

2 Participants attended to the experiment for a small amount of participation fee or course credit.
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4.2 Apparatus

As the previous experiment, this experiment was planned to test hypotheses about

the e↵ect of MCPL modality and the e↵ect of AOSPAN score as a Working Memory

Capacity measure on learning performance. Additionally, Backward Digit Span task

was also included as another measure of verbal Working Memory Capacity test.

4.2.1 MCPL Tasks

As already mentioned, the MCPL task in Experiment 1, was redesigned according

to the recommendations given before. The presentation style used in the previous

experiment changed as previously stated. Briefly, cues were displayed as distributed

horizontally in numerical condition (See Figure 4.1), the black colored vertical bars

used in cue and feedback presentation screens of graphical condition (See Figure 4.2),

in the outcome feedback screens the cue values were shown together with outcome

feedback and judgment made by the participant (See Figure 4.4 and Figure 4.3).

Figure 4.1: Cue presentation screen for the numerical condition (horizontally ori-
ented)
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Figure 4.2: Cue presentation screen for the graphical condition (black)

Figure 4.3: Feedback presentation screen for the graphical condition (with cues)
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Figure 4.4: Feedback presentation screen for the numerical condition (with cues)

4.2.2 WMC Tasks

Automated Operation Span (AOSPAN) task of Experiment 1 was used without any

modifications as the first measure of verbal WMC. As already mentioned, after ana-

lyzing the results of Experiment 1, we have considered to include another span task

to find an alternative verbal WMC measure that may more strongly correlates with

learning performance. Among several alternatives, Backward Digit Span (BDS) task

was selected.

Digit span task measure the digit spans of individuals by presenting digits and mea-

suring the correctly remembered numbers in the given order. Backward Digit Span

(BDS) task, on the other hand, is relatively complex because participants make an

additional transformation during rehearsal. In this task, digits are presented to partic-

ipants and they are instructed to recall and type the numbers in the reverse order.

The design of stimuli and collecting recall is very simple. A sequence of digits are

displayed in the screen successively. After the sequence is displayed, participant

enters the displayed digits in the reverse order. The length of the digit sequences

starts from 3 and increases until 8. Sequences are displayed 5 times for each length.

Therefore in total 30 stimuli is displayed. The task ends either the 30 stimuli is

displayed or number of correctly remembered sequences is less than 3 in a sequence
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group of a length. BDS task lasts about ten minutes on average. The absolute scoring

is calculated by summing correctly remembered sequences.

4.3 Design

Independent variable used for this experiment was MCPL task modality (i.e. numeri-

cal and graphical presentation and response mode). The dependent variables were the

achievements (correlation of criterion with the judgment) for the blocks (of size 50)

and overall achievement. The experiment used between-subjects design - participants

were randomly allocated to the graphic or numeric presentation conditions.

4.4 Procedure

Participants attended to the experiment’s tasks in rooms in METU, ATILIM Univer-

sity and in a software company. The maximum number of participants in a single

session was ten, which occurred in the computer laboratory located in the METU In-

formatics Institute. They have been given Information Consent Form (see Section A.2

in Appendix A) before starting and Debriefing Form (see Section A.3 in Appendix

A) after finishing the tasks. Those who were paid, have been paid after finishing all

three tasks.

Participants were assigned to one of the MCPL conditions, AOSPAN and BDS tasks,

respectively. Participants were instructed as explained in the related apparatus sec-

tion. No break was given between the tasks, except requested by the participant.

MCPL assignment were done by first considering to balance number of attendees to

graphical and numerical conditions, then considering to balance the gender of the

participant’s in each MCPL condition.
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4.5 Results

4.5.1 Data Preparation

The same data preparation process, in the Experiment-1, was applied. The achieve-

ment and WMC measurement scores are shown in Table B.3 and Table B.4 in Ap-

pendix B.

4.5.2 Analysis

The mean values of achievement scores for each block is depicted together for numer-

ical and graphical modalities in Figure 4.5. Although they are not clearly separated

the learning progress for numerical and graphical modalities can be seen in this figure.

Figure 4.5: Mean achievements for each Block

The analysis results of the experiment data have shown that the e↵ect of mode of pre-

sentation exist significantly for the dependent variable "Block-6 Achievement" but it
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does not for the "Overall Achievement". The mean values of the "Block-6 Achieve-

ment" and "Overall Achievement" for the two experiment conditions are depicted in

Figure 4.6. This figure also shows the error bar attached to mean values. As it can

be seen in this figure, mean values for the two groups are separated from each other.

To test the hypothesis numerical and graphical task modality groups are not similar

one way ANOVA was conducted (see Table 4.1). According to this analysis the ef-

fect of MCPL task modality was not significant for the dependent variable "Overall

Achievement", F(1,56)=3.045, p>.05. Cohen’s e↵ect size value (d = .29) suggested

a small practical significance. The e↵ect was significant at the 0.05 level, for the

"Block-6 Achievement", F(1,56)=5.305, p<.05. Cohen’s e↵ect size value (d = .23)

suggested a small practical significance. This results implies that there exists an e↵ect

of two conditions on "Block-6 Achievement", but there is not any e↵ect for "Overall

Achievement".

FTB6=Fisher transformed Block 6 achievement. FTAch=Fisher transformed overall achievement.

Figure 4.6: Error plot for the block-6 and overall achievements (Experiment-2)
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Table 4.1: One Way ANOVA conducted for the dependent variables, FTAchv and
FTB6 (Experiment-2)

A correlation analysis was conducted among the independent variables AOSPAN

score, Backward Digit Span Score (BDS), and dependent variables Block-6 Achieve-

ment and Overall Achievement. Results showed that AOSPAN was positively cor-

related with Block-6 Achievement, r=0.227, p=0.095, and Overall Achievement,

r=0.218, p=0.110, but correlations were not significant. BDS, on the other hand, was

significantly and positively correlated with both Block-6 Achievement and Overall

Achievement. Correlation values were r=0.456, p<.01 and r=0.348, p<.01, respec-

tively. The correlation table for this analysis is given in Table 4.2.

Table 4.2: Correlation analysis for overall data (Experiment-2)

The analysis made for the Experiment-1, by grouping the data was repeated to pro-
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vide a comparison basis. The data was grouped according to MCPL task modality

and separate correlation analysis was conducted for both groups of data. As opposed

to previous experiment, AOSPAN Score, was not correlated significantly with either

"Block-6 Achievement" or "Overall Achievement" in any of the conditions. BDS

score, for the graphical MCPL condition, as opposed to AOSPAN score, was posi-

tively and significantly correlated with both Block-6 Achievement (r=0.550, p<.01)

and Overall Achievement (r=0.368, p<.05). However, for the numerical MCPL con-

dition, BDS was not significantly correlated neither with Block-6 Achievement Score,

nor with Overall Achievement score. The correlation tables are shown in Table 4.3

and Table 4.4.

The relationship between learning performance (overall achievement) and working

memory measure (AOSPAN and BDS) can be seen in Figure 4.7 and 4.8. According

to the plots given in Figure 4.7, learning performance is not associated with AOSPAN

for either graphical or numerical modalities. There is, on the other hand, a linear

relationship between learning performance and BDS for graphical modality (see Fig-

ure 4.8). For numerical modality, although there seems to be a tendency of a linear

relationship between BDS and learning performance, it is very weak.

Table 4.3: Correlation analysis for graphical condition data (Experiment-2)
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Table 4.4: Correlation analysis for numerical condition data (Experiment-2)

Figure 4.7: Scatter plots of learning performance (overall achievement) and AOSPAN
for numerical and graphical conditions (Experiment-2)
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Figure 4.8: Scatter plots of learning performance (overall achievement) and AOSPAN
for numerical and graphical conditions (Experiment-2)

4.6 Discussion

In this experiment we aimed to confirm the results of previous experiment by improv-

ing the MCPL design and employed one more WMC measure called as Backward

Digit Span (BDS) by expecting a more strong prediction capability as compared to

AOSPAN measure.

The results of the experiment confirmed the e↵ect of presentation method in MCPL

task. Unlike the first experiment, this e↵ect has been seen only for the "Block-6

Achievement". We argue that, this could be because of high variance in the individ-

ual di↵erences of participants, who are especially from di↵erent universities. Actually

by using the AOSPAN and BDS measures, we analyzed whether there is a di↵erence

between the cognitive abilities of participant groups such as university, gender and

background and no significant di↵erence found. Therefore we think that the dif-

ference between Experiment 1 and Experiment 2 may arise from other individual
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di↵erence related factors.

In this experiment, the e↵ect size of the di↵erences in achievements in numerical and

graphical modes has been decreased from moderate to small as compared to Experi-

ment 1. Two major changes have been applied in Experiment 2. In numerical mode,

spatial distribution of cue values was changed from vertical to horizontal. In graphical

mode, on the other hand, instead of colored, black bar graphs were used. One plausi-

ble explanation would be that the colored representation matched the polarity of cues

and this caused an advantage in graphical mode, so that a performance di↵erence was

observed.

As in the first experiment, AOSPAN did not correlate significantly with MCPL achieve-

ment scores (Block-6 and overall). Furthermore, when data is grouped according to

the presentation condition, AOSPAN scores didn’t correlate significantly with any

of the achievements for any of the groups. In the first experiment we had found a

significant correlation with the graphical condition.

BDS score, on the other hand, correlated with both Block-6 Achievement and Overall

Achievement significantly. For graphical modality, BDS score significantly predicted

the learning performance. When numerical condition is in question neither AOSPAN

nor BDS has been correlated with the achievement scores. It seems that, the high cor-

relation values obtained in graphical modality group causes the overall correlation to

be significant, so overall correlation values does not mean BDS has a general relation

with achievement in MCPL tasks.

This results partially support our hypotheses about the relationship between working

memory and learning performance in MCPL. We have expected to see WMC as a

significant predictor of MCPL task performance, in general. But, WM as indicated

by BDS was only able to predict performance in case of graphical modality.

These observation caused us to suspect from the relation of AOSPAN as a measure

of WMC with this typical MCPL task. It seems that, abilities needed by MCPL
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were not related to abilities measured by AOSPAN. More interestingly, BDS score

correlated with achievement significantly. This result may be explained in terms of

cognitive constructs that the two WMC tasks measure. AOSPAN and BDS may be

measuring di↵erent aspects of WMC and as such what BDS is measuring can be more

e↵ective in a graphically presented MCPL task. We will take up this point again in

Chapter 7 and but the further details of di↵erences between two measures (as briefly

summarized in 23 of Chapter 2) is beyond the scope of this dissertation. Our aim for

employing BDS in this experiments, was to compare the e↵ectiveness and duration

of BDS with AOSPAN measure. In the light of the findings the BDS was better to

meet our intentions, so that we decided to use BDS instead of AOSPAN in the other

experiments.
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CHAPTER 5

EXPERIMENT 3

Previous two experiments have shown that for the MCPL tasks explained in Section

3.3.1 and Section 4.2.1, the learning performance in graphical modality was signifi-

cantly higher than the numerical one. The apparatus used in the second experiment

was slightly di↵erent than the one used in the first experiment. After comparing the

achievement values of the two experiments we have concluded that the display de-

signs used in the first experiment may provide some unfair advantageous to graphical

modality which are not caused by the modality itself. Therefore, in the subsequent

experiments, we have decided to use the the display style of Experiment 2.

Previously, we have also found that the verbal WMC measurement task, Backward

Digit Span (BDS), is a better predictor of the performance in MCPL as compared

to AOSPAN. Therefore BDS was employed in this experiment instead of AOSPAN.

One of our interests in the scope of WMC - MCPL interaction is exploring the rela-

tionship with respect to verbal and visual modality existing in the Working Memory.

Therefore we have added a visual memory capacity measurement task as a new in-

dependent variable. This two WMC measures provided us the opportunity to test our

dissociation hypotheses.

In this new experiment, the MCPL conditions employed in Experiment 2, were used

without change. Additionally, as a side issue, in order to find out the e↵ect of polarity

of cues on the performance, we have produced one more MCPL condition in which

polarity of cues were set as positive for all three cues. Hence, in total, three conditions
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of MCPL task were employed in this Experiment. For exploring the e↵ect of visuo-

spatial working memory, a visuo-spatial WMC measurement task added beside BDS

task.

5.1 Participants

This experiment was done among the students from METU. The experiment was

announced via posters in the university. 163 participants1 attended to this experiment.

Ninety three (93) of the participants were female, seventy (70) of them were male.

Forty nine (49) of the participants attended to graphical, mixed cue polarization

MCPL condition (27 males, 22 females) and forty nine (49) of the participants at-

tended to numerical, mixed cue MCPL polarization condition (22 males, 27 females).

Sixty five (65) of the participants attended to graphical, all positive cue polarization

MCPL condition (44 females, 21 males). All participants received Backward Digit

Span and Corsi Block Tapping tasks.

5.2 Apparatus

5.2.1 MCPL Tasks

The two conditions with numerical and graphical modalities were exactly same as the

conditions used in previous experiment. These tasks were used to test our hypotheses.

In literature, polarity of cues in MCPL context, that is the direction the cues change

the criterion value, was studied several times (Chasseigne et al. (1997), Chasseigne

et al. (1999), Rolison et al. (2011)). As a general finding obtained from that stud-

ies, it may be concluded that existence of negatively polarized cues makes the tasks

1 Participants attended to the experiment for a small amount of participation fee.
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di�cult, resulting employment of Working Memory during task execution. Rolison

et al. (2011) found that working memory correlates with performance in MCPL when

there were negatively polarized cues. In the light of these findings in the literature,

after analyzing the data obtained from the two conditions and not seeing a dissocia-

tion between the performances in numerical and graphical conditions, we have added

an extra MCPL condition to see whether negatively polarized cues are e↵ective in

revealing the e↵ect of working memory.

In the third condition a new task was created for testing the performance in case of

all positive polarization scheme for graphical mode of presentation/response. All-

positive cue polarization task aimed to see the e↵ect of existence of negative cue

in the scope of our MCPL task. We have thought that graphical mode would be a

better choice for seeing this because in this modality individuals performs better as

understood from previous experiments. Detecting the e↵ect in the high performance

group may mean seeing the same e↵ect in lower performance group.

The screens of the tasks were adopted from the MCPL tasks in Experiment 2. Note

that, those task screens do not contain any information about the polarity of cues. So,

just the cue profiles and corresponding criterion values were changed according to

the new criterion function which was :

Y = 0.36A + 0.65B + 0.43C

Note that the cue profiles used in mixed polarization design may not be used in this

case because the range of the criterion value may not fit in to 1-9 scale due to one

negative weight replaced with a positive weight. Therefore, we have selected a dif-

ferent set of cue profiles. Consequently, 300 cue profiles were selected among 9x9x9

di↵erent possible cue profiles such that range of the criterion value was between 1

and 9, and the inter-correlations were near to zero. At the beginning of selection

procedure, criterion values were calculated by using the weight weight values 0.3,

0,7 and 0.5, but the weights shown in the above equation were found after regression

analysis conducted with cue values and corresponding criterion value. The change in

the weight values were mainly introduced by the truncation errors.
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The histogram of the criterion values for which the cue profiles were presented are

shown in Figure 5.1. If the distribution of the criterion values used in mixed cue and

all positive cue MCPL tasks as depicted by the histogram plots are compared it is

seen that there is not a significant di↵erence, because both distributions are normal

like. This similarity is important because otherwise, beside the polarity of cues, the

distribution may contribute to the di�culty of the task.

Figure 5.1: Histogram of criterion values corresponding to displayed cue profiles

As in the previous experiments, each trial of a typical MCPL task, consists of pre-

sentation of cue(s), collecting responses from the participants and giving outcome

feedback. This procedure was also applied in this task. The 300 cue profiles were

presented randomly to the participants. As a result of randomization, each participant

exposed to a di↵erently ordered cue profiles. The last 50 trials were given without

outcome feedback.
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5.2.2 WMC tasks

Beside the Backward Digit Span (BDS) task, a visuo-spatial WMC task, known as

Corsi Block Tapping Span task, was used for measuring WMC. Corsi Block Tapping

Span task is considered to measure the spatial component of working memory. Orig-

inal Corsi Block Tapping (CBT) Test’s (Corsi, 1972) method is to touch the blocks

in front of the participant and ask for the touch sequence. Recall can be collected

in forward or backward order. Score is calculated as the maximum number of cor-

rectly remembered block (partial credit) (Berch et al., 1998). The task ended after

completion all sequences which can be eight at maximum. In a typical computerized

version of CBT (Berch et al., 1998), blocks are displayed as 2 dimensional squares

and instead of touching, a bold circle is displayed in the center of square. Partici-

pants give their responses by selecting the squares with mouse. We have developed

the computerized version of the CBT test by using E-prime (version 2) software, as

explained in Berch et al. (1998). In this computerized version of CBT task, a total of

24 sequences are displayed to participants and the task lasts about fifteen minutes as

it was measured in our pilot studies.

5.3 Design

Independent variables used for this experiment was MCPL task modality (i.e. numer-

ical and graphical presentation and response mode). The dependent variables were

the achievements (correlation of criterion with the judgment) for the blocks (of the

size 50) and overall achievement. The experiment used between-subjects design so

that participants were randomly allocated to one of the three MCPL tasks.
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5.4 Procedure

Participants were invited to the Computer Laboratory located in the METU Informat-

ics Institute. They have been given Information Consent Form (see Section A.2 in

Appendix A) before starting and Debriefing Form (see Section A.3 in Appendix A)

after finishing the tasks. They have been paid after finishing all three tasks.

They were assigned to one of the three MCPL conditions and all of them completed

BDS and CBT tasks. First MCPL task then BDS task and finally CBT task were

conducted. Participants were instructed as explained in the related apparatus. No

break was given between the tasks, except requested by the participant. MCPL task

assignment were done by first considering to balance number of attendees to graphi-

cal and numerical conditions for all positive and mixed polarization conditions, then

considering to balance the gender of the participant’s in each MCPL condition.

5.5 Results

5.5.1 Data Preparation

The same data preparation process, in the Experiment-1, was applied on the test data.

The achievement and WMC measurement scores are shown in Table B.5, Table B.6

and Table B.7 in Appendix B.

5.5.2 Analysis

Remember that MCPL task has had three conditions in this experiment and we have

grouped data according to our focus before the analyses. In order to see the e↵ect

of numerical and graphical modalities, we have excluded the data of all positive cue

polarization condition, because this condition introduces another factor that must be
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handled separately. Furthermore, because we didn’t include the numerical modality

of all positive cue polarization as a condition, a factorial analysis was not conducted

for this data.

5.5.2.1 Analysis on Numerical/Graphical Modality Mixed Cue Polarization Con-
ditions

The mean values of achievement scores for each block is depicted together for nu-

merical and graphical modalities in Figure 5.2. The progress in the learning can be

clearly seen in this figure. The learning progresses was similar to progress observed in

the previous two experiments. The separation of learning performances for numerical

and graphical modalities was better as compared to the second experiment.

Figure 5.2: Mean achievements for each Block

For the data of mixed cue polarization, one way ANOVA analysis was conducted to

analyze the e↵ect of MCPL presentation condition as in the other two experiments.

There was a significant e↵ect of MCPL presentation condition on Block-6 Achieve-

ment, F(1,96)=9.85, p<.01. Cohen’s e↵ect size value (d = .31) suggested a small to
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moderate practical significance. There was also a significant e↵ect of MCPL presen-

tation condition on Overall Achievement, F(1,96)=16.588, p<.01. Cohen’s e↵ect size

value (d = .38) suggested a small to moderate practical significance. The achievement

scores were higher for graphical presentation condition as compared to numerical pre-

sentation condition. The ANOVA result is shown in Table 5.1. Figure 5.3 shows the

means of the achievement values, for the two groups, with error bars on them. In these

plots, error bars represent the confidence interval for the means. Non overlapping or

slightly overlapping error bars indicate the existence of between group di↵erences.

Table 5.1: One Way ANOVA conducted in the mixed cue polarization group for the
dependent variables, FTAchv and FTB6 (Experiment-3)
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FTB6=Fisher transformed Block 6 achievement. FTAch=Fisher transformed overall achievement.

Figure 5.3: Error plot for the block-6 and overall achievements (Experiment-3)

With this experiment, in addition to Backward Digit Span score (BDS), we have used

a new WMC measure to asses the visual working memory component. We have

employed Corsi Block Tapping test as the indicator of visuo-spatial working memory.

Scoring of this measure is done in the same manner with BDS. Remember that during

the execution of these tasks a sequence of stimuli is given to participants, and they

respond by recalling the sequence. Scoring2 was done by summing the correctly

remembered sequences (absolute scoring). Partial scores were also calculated. These

scores were referenced with labels BDS, BDS-2, CBT and CBT-2, where number 2

indicates the partial scoring method.

A correlation analysis was conducted among the independent variables BDS abso-

lute score (BDS), BDS partial score (BDS-2), CBT absolute score (CBT), CBT par-

tial score (CBT-2) and dependent variables Fisher transformed Block-6 Achievement

(FTB6) and Fisher transformed Overall Achievement (FTAchv).

2 see Section 3.3.2 for scoring alternatives.
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BDS was positively and significantly correlated with Block-6 Achievement, r=0.320,

p<.01, and Overall Achievement, r=0.327, p<.01. Similarly BDS-2 was also pos-

itively and significantly correlated with Block-6 Achievement, r=0.217, p<.05, and

Overall Achievement, r=0.204, p<.05. But in this case level of significance was

lower. Absolute CBT score was also positively and significantly correlated with

Block-6 Achievement, r=0.300, p<.01, and Overall Achievement, r=0.294, p<.01.

CBT-2 score was positively and significantly correlated with Overall Achievement,

r=0.231, p<.05, but non-significantly correlated with Block-6 Achievement, r=0.190,

p=.050. The correlation table for this analysis is given in Table 5.2.

Table 5.2: Correlation analysis for overall data (Experiment-3)

Correlation analysis was repeated by splitting the data according to mode of presen-

tation. The correlation tables are given in Table 5.3 and Table 5.4. In summary, none

of the WMC scores was significantly correlated with any of the Achievements, for

numerical mode of presentation of MCPL task. But, similar to previous experiments,

for graphical MCPL condition, BDS was significantly and positively correlated with

both Block-6 Achievement and Overall Achievement. The new WMC Score, CBT,
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was also significantly and positively correlated with both Block-6 Achievement and

Overall Achievement, for graphical MCPL condition. When correlations for the par-

tial scorings (CBT-2 and BDS-2) were examined it was seen that, only the correlation

between Partial CBT scoring (CBT-2) and Block-6 Achievement was significant for

graphical condition.

Table 5.3: Correlation analysis for graphical condition data (Experiment-3)
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Table 5.4: Correlation analysis for numerical condition data (Experiment-3)

The relationship between learning performance (overall achievement) and working

memory measures (BDS and CBT) are depicted in Figure 5.4 and 5.5 for visual inter-

pretation. There is a linear relationship between learning performance and BDS for

graphical modality (see Figure 5.4). For numerical modality, although there seems to

be a tendency of a linear relationship between BDS and learning performance, it is

very weak. As it can be interpreted as the visualization of correlation analysis, the

scatter plots for CBT scores shows results similar with BDS score (see Figure 5.5).

That is, in case of graphical modality a moderate linear correlation between learning

performance and CBT scores is observed as it can seen in Figure 5.5. However, for

numerical modality, the relationship between BDS and learning performance is very

weak although there is tendency of linearity.
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Figure 5.4: Scatter plots of learning performance (overall achievement) and BDS for
numerical and graphical conditions (Experiment-3)

Figure 5.5: Scatter plots of learning performance (overall achievement) and CBT for
numerical and graphical conditions (Experiment-3)

To analyze the interaction of di↵erent WMC scores with the MCPL condition, a three-
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way ANOVA was conducted. In order to conduct three way ANOVA, BDS and CBT

Scores were grouped into high and low groups by using median split. As a result,

two new variables were generated with name NBDS and NCBT. These new vari-

ables could be either 1, representing being low, or 2, representing being high. This

new independent variables were used in factorial analysis. Summary table of three-

way factorial ANOVA is given in Table 5.5 in Appendix B. According to the results

of the analysis it has been found that, there was a significant main e↵ect of the of

MCPL presentation condition on Block-6 Achievement, F(2,90)=7.92, p<.01. There

was a significant main e↵ect of the of BDS on Block-6 Achievement, F(2,90)=6.22,

p<.05. There was a non significant main e↵ect of Corsi on Block-6 Achievement,

F(2,90)=.573, p=.451.

With this experiment, we have constructed the experimental environment to demon-

strate or detect the availability of double dissociation between the achievements in

di↵erent task modalities. The factorial ANOVA results (See Figure 5.5) showed that

there was not any dissociation between the achievements in numerical modality and

achievement in graphical modality. This is because neither the interaction between

the BDS score and task modality nor the interaction between the CBT score and task

modality was significant.

Table 5.5: Three Way ANOVA conducted for the dependent variable FTB6 and the
Factors MCPL Condition, NBDS and NCorsi (Experiment-3)
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The interaction plots also reveal the same results. According to the plots given

in Figure 5.6 and Figure 5.7, both verbal memory (implicated by BDS score) and

visuo-spatial memory (implicated by CBT score) a↵ects the numerical and graphical

modalities in the same way. In other words, being high in verbal WMC or visuo-

spatial WMC means higher achievement for both numerical and graphical modalities

as compared to being low in verbal WMC or visuo-spatial WMC.

Figure 5.6: Interaction Graph for Backward Digit Span-Achievement Scores

Figure 5.7: Interaction Graph for Backward Digit Span-Achievement Scores
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5.5.2.2 Analysis on Graphical Modality Mixed/All Positive Cue Polarization
Conditions

The learning performances for the six blocks depicted for all positive and mixed cue

conditions as shown in Figure 5.8. In all positive cue condition, the mean values of

learning performances were higher for all six blocks. For the first two blocks, the

learning performances for all positive and mixed cue conditions was separated from

each other, but they became closer as the trials increased.

Figure 5.8: Mean achievements for each Block

For the data of graphical modality (both mixed and all positive cue polarization),

one way ANOVA analysis was conducted to analyze the e↵ect of polarity (see Ta-

ble 5.6. There was not a significant e↵ect of Polarity on "Block-6 Achievement",

F(1,82)=1.030, p=.312. There was not also a significant e↵ect of Polarity on "Over-

all Achievement", F(1,82)=1.218, p=.273.
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Table 5.6: One Way ANOVA conducted in the graphical condition group (mixed
and all positive cue polarization) for the dependent variables, FTAchv and FTB6
(Experiment-3)

A correlation analysis was conducted to find the relation between the achievement

and working memory capacity measures in case of all positive cue polarization con-

dition. The analysis revealed that achievement did not correlate significantly with

either of the working memory measures. BDS was non-significantly correlated with

Block-6 Achievement, r=0.129, p=.307, and Overall Achievement, r=0.266, p=.128.

CBT score was also non-significantly correlated with Block-6 Achievement, r=0.084,

p=.505, and Overall Achievement, r=0.156, p=.378. The correlation table for this

analysis is given in Table 5.7.

Table 5.7: Correlation analysis for graphical and all positive polarization condition
(Experiment-3)
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The relationship between learning performance (overall achievement) and working

memory measures (BDS and CBT) are depicted in Figure 5.9 and 5.10 for visual

interpretation. The random distribution data in both plots shows that CBT and BDS

scores are not associated with learning performance.

Figure 5.9: Scatter plots of learning performance (overall achievement) and BDS for
all positive cue condition (Experiment-3)
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Figure 5.10: Scatter plots of learning performance (overall achievement) and CBT
for all positive cue condition (Experiment-3)

5.6 Discussion

The result of the experiment confirms the e↵ect of presentation condition on achieve-

ment, so that graphical mode of presentation result in higher achievement scores.

In this experiment, by considering its easy administration and the correlations results

of BDS score, found in the previous experiment, we did not measure verbal WMC

with AOSPAN task. Additionally, Corsi Block Tapping (CBT) task is added as a

visuo-spatial Working Memory Capacity measure.

The correlation analysis suggests that verbal working memory component as mea-

sured by Backward Digit Span task is related to and consequently explains the per-

formance in MCPL task with graphical modality. The same is true for visuo-spatial

working memory component as measured by Corsi Block Tapping test. But for the

numerical task modality, none of the working memory components correlates signifi-
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cantly with learning performance. Similar to correlation scores, in factorial ANOVA,

BDS had shown main e↵ect on the Block-6 Achievement. This suggest that individ-

uals with high BDS score will perform significantly higher in MCPL task regardless

of the MCPL task condition. That is even if they attend to numerical condition, in-

dividuals with higher BDS score will perform better as compared to individuals with

lower BDS and attending to graphical presentation condition.

We have conducted another one way ANOVA analysis for the data of MCPL task with

graphical modality taking the polarity variable as the factor. This analysis revealed

that there is no di↵erence between di↵erent cue polarity groups (mixed cue polar-

ization group and all positive polarization group) in terms of learning performance.

This means that, for our MCPL settings, the individuals performs in the same way

regardless of the cue polarization. This was as opposed to our expectations because

negative cues impairs the performance as it is stated by previous studies in the litera-

ture. However, this result may be interpreted as that, the e↵ect of graphical modality

is high enough to prevent the e↵ect that may arise from the complexity of the MCPL

task caused by polarity di↵erences. To confirm this inference, a measurement with nu-

merical modality and all positive cue polarization condition is needed. This condition

was omitted because the reason for employing all-positive cue polarization condition

was to see how absence of negative cue a↵ects the relation between the working mem-

ory capacity and learning performance. Seeing this change in the e↵ect in graphical

condition provided us necessary support for designing future experiments.

One of the findings obtained in this experiment was when the polarity of cues were set

to all positive, the correlations between the working memory capacity tests become

insignificant. This result is actually in parallel with the results found in the literature

(Rolison et al., 2011), suggesting the existence of negatively polarized cues causes

the employment of working memory components during MCPL task execution.

Our analysis related to dissociation hypothesis did not suggest any dissociation. Con-

sidering this failure of dissociation hypotheses together with the results obtained from

all-positive cue condition, we have concluded that, designing a new MCPL task by

increasing the number of cues that are negatively polarized may cause employing
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working memory more e↵ectively and consequently causing to observe the di↵er-

ences in learning that may arise from di↵erent working memory components. The

next experiment is designed based on this consideration.
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CHAPTER 6

EXPERIMENT 4

In the first two experiments we have found that the graphical modality in MCPL

task positively e↵ects the learning performance. In the third experiment the same

phenomenon observed, but, we couldn’t find out the anticipated dissociation (either

single or double) of WMC components on predicting the learning performance in

numerical and graphical modalities of MCPL. In experiment 3, with the help of all

positive polarity criterion function, we have tested the employment of working mem-

ory capacity according to di↵erent cue polarization settings in the scope of our MCPL

task. We found that WMC does not seem to be involved when all cues are positive

(in our particular setup anyway). The results confirmed the Rolison et al. (2011)’s

findings.

We think that dissociations due to advantage of particular WMC abilities will become

more apparent when more involved employment of WM is needed for a task. There-

fore, in order to increase the involvement of working memory during learning, we

have decided to change the criterion function based on the findings obtained from

third experiment expecting to increase WM need. Therefore we have increased the

number of negatively polarized cues to 2. Furthermore, as it is considered that the

di�culty in MCPL tasks increases the involvement of working memory (Hammond,

1990), we have added one more cue, increasing the total number of cues, in the crite-

rion function, to 4. The details of the function is given in the apparatus section.

So by considering how the new criterion function - four cues, two of them negatively
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and two of them positively polarized - will a↵ect the learning performance for numer-

ical and graphical modalities in MCPL, we expect to observe dissociation of working

memory components on predicting the learning outcomes of numerical and graphical

modalities.

6.1 Participants

As in Experiment 3, the participants were university students from METU. The ex-

periment was announced via posters in the university. 71 participants1 attended to this

experiment. Thirty seven (37) of the participants were female, thirty four (34) of them

were male. Thirty five (35) of the participants attended to graphical MCPL condition

(15 males, 20 females) and Thirty six (36) of the participants attended to numerical

MCPL condition (19 males, 17 females). All participants received Backward Digit

Span and Corsi Block Tapping tasks after completing the MCPL task.

6.2 Apparatus

6.2.1 MCPL Tasks

In this experiment, as explained in the introduction section of the chapter, criterion

function is changed in order to make working memory components get involved in

learning process of MCPL tasks. We have increased the number of cues in the crite-

rion function and made two of them positively polarized and two of them negatively

polarized. Consequently the following function is used as the criterion function.

Y = �0.25A + 0.5B � 0.6C + 0.8D

The previously used cue profiles couldn’t be used in this experiment, because a new

1 Participants attended to the experiment for a small amount of participation fee.
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cue were introduced. Therefore, a new set of 300 cue profiles were selected among

9x9x9 di↵erent possible cue profiles such that range of the criterion value was be-

tween 1 and 9, and the inter-correlations were near to zero. At the beginning of selec-

tion procedure, criterion values were calculated by using the weight values -0.3, 0,5,

-0.6 and 0.8, but the weights shown in the above equation were found after regression

analysis conducted with cue values and corresponding criterion value. The change in

the weight values were mainly introduced by the truncation errors. The histogram of

the criterion values for which the cue profiles were presented are shown in Figure 6.1.

This histogram representation of the criterion corresponding to presented cue profiles

may be an indicator of di�culty of the task. The distribution of criterion values in

this task design is also normal-like as in the 3 cue mixed and 3 cue all positive MCPL

tasks. This similarity suggest that the contribution of criterion distribution may be

ignored.

Figure 6.1: Histogram of criterion values corresponding to displayed cue profiles

In order to prepare these new MCPL tasks, by using the previous numerical and

graphical MCPL task designs as a template, we have changed the necessary screens

which are either mentioning the cues or presenting them. As a result, instruction

screens remained same; in the story introducing screens, pictures were replaced with

those containing four knobs as shown in Figure 6.2 and 6.3, in the cue presentation
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Figure 6.2: Story screen for four cues (numerical condition)

and feedback screens, the representation (either numerical or graphical) of the fourth

cue was added as shown in Figures 6.4, 6.5, 6.6 and 6.7.

The previously used verbal (BDS) and visuo-spatial (CBT) WMC measurement tasks

were employed without any modifications.
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Figure 6.3: Story screen for four cues (graphical condition)

Figure 6.4: Cue presentation screen for four cues (numerical condition)
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Figure 6.5: Cue presentation screen for four cues (graphical condition)

Figure 6.6: Feedback presentation screen for four cues (numerical condition)
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Figure 6.7: Feedback presentation screen for four cues (graphical condition)

6.3 Design

Independent variables used for this experiment was MCPL task modality (i.e. numer-

ical and graphical presentation and response mode). The dependent variables were

the achievements (correlation of criterion with the judgment) for the blocks (of the

size 50) and overall achievement. The experiment used between-subjects design so

that participants were randomly allocated to one of the two MCPL tasks.

6.4 Procedure

The same procedure (see Section 5.4) used in the Experiment 3 was used in this

experiment without any modifications.
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6.5 Results

6.5.1 Data Preparation

The same data preparation process, in the Experiment-1, was applied on the test data.

Correlation values are transformed Fisher transformation and these new variables are

used in statistical analyses. The achievement and WMC measurement scores are

shown in Table B.8 and Table B.9 in Appendix B.

6.5.2 Analysis

The mean values of achievement scores for each block is depicted together for nu-

merical and graphical modalities in Figure 6.8. In graphical condition, as compared

to numerical condition, the mean values of learning performances were higher for all

six blocks. The increase in mean values as the trials increased was an evidence of

learning for both conditions. In this experiment, the amount of performance for pre-

dicting the criterion value decreased considerably, for both conditions. Actually the

mean value of overall achievement was 0.7 in the third experiment, but it decreased

to 0.22 in this experiment.

In order to understand the e↵ect of numerical vs. graphical modality in case of new

criterion function, a one way ANOVA analysis was conducted as in the other two ex-

periments. There was a significant e↵ect of MCPL presentation condition on Overall

Achievement, F(1,69)=5.01, p<.05. Cohen’s e↵ect size value (d = .26) suggested a

small practical significance. The e↵ect on Block-6 Achievement was not significant,

F(1,64)=1.45, p=.232. Cohen’s e↵ect size value (d = .15) suggested a low practical

significance. The achievement scores were higher for graphical presentation condi-

tion as compared to numerical presentation condition. The ANOVA result of statis-

tical analysis tool is shown in Table 6.1. Figure 6.9 shows the visual presentation

of mean values of the two groups for Overall and Block-6 achievement. Although it

95



Figure 6.8: Mean achievements for each Block

is not possible quantitatively interpret this plot, we may say that non overlapping or

slightly overlapping error bars indicate there are between group di↵erences for overall

achievement.

Table 6.1: One Way ANOVA conducted for the dependent variables, FTAchv and
FTB6 (Experiment-4)
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FTB6=Fisher transformed Block 6 achievement. FTAch=Fisher transformed overall achievement.

Figure 6.9: Error plot for the block-6 and overall achievements (Experiment-4)

A correlation analysis was conducted to find the relation between the achievement

values (Block-6 and Overall) and working memory capacity measures, Backward

Digit Span Score (BDS), Corsi Score (CBT). It was found that BDS score signif-

icantly correlates with both achievement values, although the correlations are non-

significant for CBT score. Actually, BDS was positively and significantly corre-

lated with Block-6 Achievement, r=0.316, p<.05, and Overall Achievement, r=0.342,

p<.01. CBT score was positively and but non-significantly correlated with Block-6

Achievement, r=0.231, p=.06, and Overall Achievement, r=0.149, p=.22. The corre-

lation table for this analysis is given in Table 6.2.
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Table 6.2: Correlation analysis for overall data (Experiment-4)

Correlation analysis was repeated by grouping the data according to modalities. The

correlation tables are given in Table 6.3 and Table 6.4. In summary, none of the WMC

scores was significantly correlated with any of the Achievements, for numerical mode

of presentation of MCPL task. For graphical modality group, in parallel with previous

findings, BDS was significantly and positively correlated with both Block-6 Achieve-

ment and Overall Achievement (for Block-6 Achievement, r=0.448, p<.01, for Over-

all Achievement, r=0.456, p<.01). Similarly, the visuo-spatial working memory ca-

pacity measure, CBT score, was also significantly and positively correlated with both

Block-6 Achievement and Overall Achievement (for Block-6 Achievement, r=0.408,

p<.05, for Overall Achievement, r=0.365, p<.05).
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Table 6.3: Correlation analysis for graphical condition (Experiment-4)

Table 6.4: Correlation analysis for numerical condition (Experiment-4)

The relationship between learning performance (overall achievement) and working

memory measures (BDS and CBT) are depicted in Figure 6.10 and 6.11 for visual

interpretation. As in the Experiment 3, there is a linear relationship between learn-

ing performance and BDS for graphical modality (see Figure 6.10). For numerical

modality, although there seems to be a tendency of a linear relationship between BDS
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and learning performance, it is very weak. The scatter plots for CBT scores shows

results similar to BDS (see Figure 6.11. In case of graphical modality a moderate

linear correlation between learning performance and CBT scores is observed as it can

be seen in Figure 6.11. However, for numerical modality, the relationship between

BDS and learning performance is very weak although its seems linear.

Figure 6.10: Scatter plots of learning performance (overall achievement) and BDS
for numerical and graphical conditions (Experiment-4)
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Figure 6.11: Scatter plots of learning performance (overall achievement) and CBT
for numerical and graphical conditions (Experiment-4)

A three-way ANOVA was conducted for checking interactions between the factors,

graphical vs. numerical modality, low and high CBT score and low and high BDS

score. The low and high groups were determined by using median split. As a result,

two new variables were generated NBDS and NCBT. These new variables could get

either 1 or 2. One (1) representing the low rank, two (2) representing the high rank

for BDS score or CBT Score. Summary table of three-way ANOVA is given in Figure

6.5.
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Table 6.5: Three Way ANOVA conducted for the dependent variable Learning Perfor-
mance (FTAchv) and the Factors MCPL Condition, NBDS and NCBT (Experiment-
4)

The analysis showed no significant main e↵ect for the numerical vs. graphical modal-

ities factor, F(1,62)=3.37, p=.07. There was a significant main e↵ect of the of BDS

on Overall Achievement, F(1,62)=4.66, p<.05. Individuals with higher BDS scores

obtained better achievement scores. There was a non significant main e↵ect of Corsi

on Overall Achievement, F(1,62)=.078, p=.78.

There was a significant interaction between numerical/graphical modality and CBT

score, F(1,62)=4.27, p<.05. Individuals with higher visuo-spatial capacity as indi-

cated by CBT score, achieved better in graphical modality, but, individuals with lower

visuo-spatial capacity achieved equally in both graphical and numerical modality.

The interaction plot is given in Figure 6.12. According to this plot, individuals with

higher CBT scores performs better in graphical modality as compared to numerical

modality. Individuals with lower visuo-spatial WMC, on the other hand, performs

slightly lower when the modality is graphical as compared to modality is numerical.

The interaction between numerical/graphical modality and BDS score was not sig-

102



nificant, F(1,62)=0.202, p=.66. This means that being high and being low in ver-

bal working memory capacity a↵ected the achievements in numerical and graphical

modality in the same way. The plot for the interaction between BDS and numeri-

cal/graphical modality is given in Figure 6.13. As seen from this plot, verbal WMC,

e↵ects performance in numerical or graphical modality in the same way, meaning that

there is no interaction between modality and BDS.

Figure 6.12: Interaction Graph for Corsi Block Tapping-Achievement Scores
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Figure 6.13: Interaction Graph for Backward Digit Span-Achievement Scores

6.6 Discussion

In this experiment, as distinct from the Experiment 3, the criterion function have been

changed in order to force employment of working memory components. Number of

cues in the criterion function was increased to 4 and number of negatively polarized

cues was increased to 2. These changes made the task more complex as compared

to the previous function used in the first three experiments. The complexity of the

task was reflected by the di↵erence between learning performance scores obtained in

Experiment 3 and Experiment 4. Actually, independent groups t-test suggested that

the group that learned the MCPL task with three cues images performed significantly

better (M =0.73, SD = 0.35) than the group that learned the MCPL task with four cues

(M =0.25, SD = 0.30), t(166) = 9.36, p < .01. A similar conclusion can be drawn

from the response time analysis. When we compare the response times of Experi-

ment 3 and Experiment 4 we see that the task in Experiment 4 took longer (M=45,

SD=15.13) than the task in Experiment 3 (M=35.37, SD=13.66), t(166)=-9.82, p <

.01. This results suggests that the MCPL task in the Experiment 4 is more com-
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plex as compared to the task in Experiment 3, because its mean learning performance

score is significantly lower than the mean learning performance score of Experiment

3. Furthermore, the mean value of duration spent on the MCPL task in Experiment

4 significantly higher than the duration spent on the MCPL task in Experiment 3.

Therefore, as an indicator of the complexity of task, individuals spent more time on

the MCPL task when the number of cues is four and 2 of the cues are positively and

2 of the cues are negatively polarized.

With this settings, the e↵ect of numerical/graphical modality on the achievement

scores was observed in parallel with previous results, meaning that graphical modality

in MCPL results in higher achievement scores. The di↵erence can be quantified by

means of e↵ect size calculation; the e↵ect size was 0.31 for Experiment 3, but it was

0.26 in this experiment. The decrease in the e↵ect may be because of the increase in

the complexity of the task. In other words, as the complexity of MCPL task increases

the e↵ect of graphical modality on learning performance may decrease, as opposed

to consideration that graphical representations makes the task easier.

Some of the previously found relationships between the working memory compo-

nents were retained in this experiment. Backward Digit Span score as a measure

of verbal working memory capacity was significantly correlated with the achieve-

ment values in the graphical modality, although it was non-significantly correlated

in case of numerical modality. Similarly, the visuo-spatial working memory compo-

nent as measured by Corsi Block Tapping test, was significantly correlated with the

achievement values in graphical modality and non significantly correlated with the

achievement values in numerical modality.

The significant interaction between visuo-spatial WMC and numerical/graphical modal-

ity supports our fourth hypothesis which proposes the visuo-spatial working memory

unrelated to achievement in numerical modality and related to graphical modality

such that being high in visuo-spatial WMC means a better learning performance. But

the non-significant interaction between verbal WMC and numerical/graphical modal-

ity points our third hypothesis which claims verbal WMC is not related to graphical

modality but related to numerical modality is not supported by the findings. These

105



two findings about the interaction e↵ects, imply the single dissociation between the

achievement in numerical modality and achievement in graphical modality. The pos-

sible reasons behind not observing a double dissociation is addressed in Section 7.1

in Chapter 7.
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CHAPTER 7

GENERAL DISCUSSION

In this dissertation, we aimed to examine the factors a↵ecting the performance in

Multi Cue Probability Learning (MCPL). We specifically investigated two MCPL

task modes: numerical and graphical presentation/response modes. The two tasks

di↵ered in the way cues, outcome feedback values and response collection are pre-

sented, as being either numerical or graphical. By using several "Working Memory

Capacity" measures, we also examined the relevance of working memory components

to numerical and graphical MCPL task modes.

In Section 7.1 the results obtained in the conducted four experiments are summarized

and discussed in detail in the scope of our hypotheses. In Section 7.2 the limitations of

the study in terms data analysis methodology, sampling etc. are provided. Section 7.3

gives the consequences this dissertation. The dissertation is summarized in Section

7.4 for generalizing the result obtained in the four experiments.

7.1 Summary of the Results and Discussion

In four experiments we measured performance in MCPL on seven di↵erent MCPL

task conditions, including the numerical/graphical task modes. The properties of

the tasks used in the experiments are summarized in the Table 7.1. When prepar-

ing the computer screens used in the numerical and graphical modes, two di↵erent

presentation styles were applied as presented in Section 3.3.1 and Section 4.2.1.
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The basic di↵erences between them were colored/monochrome cue/feedback dis-

plays, presenting/not presenting cues and vertically/horizontally positioned cue val-

ues. In Experiment 1, colored cue/feedback depictions, vertically positioned cues

were used and cues were not presented in the feedback screen. In the other experi-

ments, monochrome cue/feedback depictions, horizontally positioned cues were used

and cues were also presented in the feedback screen. These two di↵erent design are

referred as Type1 in Type2 in Table 7.1. Three di↵erent criterion functions were

employed in the experiments. With each criterion function two di↵erent tasks were

generated by making the presentation/response mode, numerical and graphical. Ex-

ceptionally, in Experiment 3, the second criterion function with all-positive cue po-

larization, was only measured with graphical mode. By expecting to make the task

more complex, in the criterion function used in Experiment 4, we have increased the

number of negative cues from one to two and did not change the number of positive

cues.

In parallel with our expectations given in our first hypothesis (H1), in all experiments,

we have found a significant di↵erence between the learning performances measured

in graphical and numerical task modes. The verbal working memory capacity as mea-

sured by AOSPAN task was only significantly correlated with learning in graphical

mode in the first experiment but was not correlated in the other experiment that this

task has been used. AOSPAN did not correlate with performance in numerical mode

in any of the two experiments it has been used. The measurement of verbal WM as

obtained by the Backward Digit Span task, on the other hand, was significantly cor-

related with the performance in graphical task mode but not with the numerical task

mode, in all of the experiments it has been employed. This results shows capability

of BDS on predicting the performance in graphical task mode. Same conclusion is

true for the visuo-spatial WM capacity as measured by Corsi Block Tapping (CBT)

task, because CBT scores, were significantly correlated with the learning in graphical

task mode. Although BDS score did not correlate with the achievement in numerical

task mode, the factorial ANOVA showed that, regardless of the task modality, it has

a main a↵ect on learning performance in MCPL task. This results are partially in

line with our second hypothesis (H2) about the working memory capacity which was

stating that WMC could be positive predictor of MCPL tasks. We had thought that
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being a basic cognitive ability e↵ective in judgment and decision making tasks, WMC

could predict performance in MCPL tasks. This expectation was only supported by

the BDS measure. Our third and fourth hypotheses was constructing a double dissoci-

ation between the performances in numerical and graphical modes as indicated by the

Working Memory Capacity measures. We have found a single dissociation between

learning performance in graphical modality and learning performance in numerical

modality as indicated by the visuo-spatial WMC. There was not a double dissociation

because we couldn’t find an interaction between the task modality and verbal WMC

as measured by BDS task. In the remaining part this section, these findings will be

discussed.

Table 7.1: Properties of the MCPL Tasks used in the Experiments

Task Property Exp. 1 Exp. 2 Exp. 3 Exp. 4

Number of cues 3 4

Task Mode Type Type1 Type2

Cue Polarization Mixed
Mixed

Mixed
All Positive

Criterion Function .63A + .40B � .60C
.63A + .40B � .60C

�.25A + .5B � .6C + .8D
.36A + .65B + .43C

Negative Cues 1
1

2
None

The results obtained from the analysis of the experiment data can be summarized with

Table 7.2. In this table, leftmost column contains the analysis applied and the other

columns shows the results1 of the corresponding analysis. In the following paragraphs

the status of our hypotheses will be discussed.

1 The dash means analysis is not applicable because no suitable data exist in the specific experiment.
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Table 7.2: Summary of the Experiment Results

Sig.= Significant; NS= Not Significant; CBT=Corsi Block Tapping; BDS=Backward Digit Span;

-=Not Applicable

Analysis Exp. 1 Exp. 2 Exp. 3 Exp. 4

E↵ect of MCPL Modality Sig. Sig. Sig. Sig.

E↵ect of Cue Polarization - - Sig. -

Correlation - AOSPAN - Numerical NS NS - -

Correlation - BDS - Numerical - NS NS NS

Correlation - CBT - Numerical - - NS NS

Correlation - AOSPAN - Graphical Sig. NS - -

Correlation - BDS - Graphical - Sig. Sig. Sig.

Correlation - CBT - Graphical - - Sig. Sig.

Correlation - BDS - Positive Polarity - - NS -

Correlation - CBT - Positive Polarity - - NS -

ANOVA - AOSPAN NS NS - -

ANOVA - BDS - Sig. Sig. Sig.

ANOVA - CBT - NS NS NS

ANOVA - AOSPAN * MODE NS NS - -

ANOVA - BDS * MODE - NS NS NS

ANOVA - CBT * MODE - NS NS Sig.

H1 : Graphical presentation/response mode has a superior e↵ect on learning perfor-

mance as compared to Numerical Mode of presentation/response.

As the support of our first hypothesis, we have found that, the e↵ect of MCPL task

mode was significant in all experiments. In MCPL literature, although there exist

some studies that compare numerical and graphical presentation of cue profiles or

cognitive feedback (e.g. Blatzer et.al., 1982), we were unable to find empirical stud-
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ies investigating the e↵ect of graphical and numerical display of cue and outcome

feedback presentation together with response mode. So, to our knowledge this is

the first study that investigate these variables cumulatively. What we have found

matches to our initial prediction. Although in their study investigating the e↵ect of

presentation style of cognitive feedback, Blatzer et.al. (1982) found that presentation

format didn’t have a significant e↵ect, we have found a significant di↵erence between

learning performance in the numerical mode and learning performance in graphical

mode. In Experiment 4, the complexity of the task has been increased by adding an

additional negative cue to the criterion function. By comparing the results of the Ex-

periment 3 and Experiment 4, we see that the e↵ect size decreased in Experiment 4.

This result contradicts with out initial considerations, because we were expecting to

see a larger e↵ect size due to the advantages of the graphical presentations.

Related to first hypothesis it is better to compare e↵ect sizes, because it is a good

indicator of e↵ectiveness of graphical MCPL mode. In the four experiments the ef-

fect size of the di↵erences in achievements in numerical and graphical modes were

changing. The biggest di↵erence in the e↵ect size was between the Experiment 1 and

Experiment 2 (compare d=0.5 in Experiment 1 with d=0.29 in Experiment 2). There

was an important di↵erence between MCPL tasks of these two experiments. The style

that used in presentation was changed. Although we did not systematically measure,

we think that the di↵erence may come from this change, because colorized bar graphs

were turned to monochrome. This may have caused the decrease in learning perfor-

mance in graphical MCPL mode. However this interference needs to be examined for

as it has some practical implications, if it is true.

In our experiments participants were from several universities (Bilkent, METU and

ATILIM University). In order to reveal the e↵ect of using di↵erent participant groups

we have conducted an extra analysis based on the measured cognitive abilities (AOSPAN,

BDS and CBT). We have grouped the participants according to universities and ex-

periments and looked at the inter-group di↵erences of measured WM scores. As a

result no significant e↵ect have been found. Similarly, gender did not a↵ect any of

the WMC measures. In our experiments we also collected the department of the par-

ticipants as an indicator of background knowledge. The department information was
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categorized into social and physical sciences. The analysis with this new indepen-

dent variable showed that background did not also have a significant e↵ect on WMC

measures.

H2: WMC measures are positive predictors of learning in MCPL tasks.

In the related literature, working memory has been considered as a basic faculty ef-

fective in most of the higher level cognitive processes, such as reasoning, problem

solving and judgment and decision making (Conway et al., 2005). Being a judg-

ment task, MCPL should have no di↵erence. Therefore, in the second hypothesis,

we initially expected that WMC capacity would predict the performance in MCPL.

The results obtained in the experiments supported this expectation, because we have

found that BDS measure has a main e↵ect on the learning performance of individu-

als regardless of the task modality. This finding is in parallel with the Rolison et al.

(2011)’s study in which they had found that working memory capacity measured by

operational span task is related with the performance in MCPL tasks, when one of

the cues is negatively related to criterion value. As opposed to Rolison et al. (2011)’s

findings, in our study, we didn’t find a relationship between learning performance and

WMC, when WMC was measured by AOSPAN task. As it was mentioned in Section

3.3.2, AOSPAN task is the automated version of the operational span task and one

would expect to observe a significant correlation between AOSPAN scores and learn-

ing performance. One reason for not observing that relationship can arise from the

MCPL task itself, because we have used a totally di↵erent MCPL task. Specifically,

in our task we have used 9 point scale (ranging from 1 to 9) whereas Rolison et al.

(2011) used 5 point scale (ranging from 0 to 5). Also, the weights used in their task

were integer numbers like -1, 0 and 1, however we have employed decimal numbers.

Our findings revealed that, although they are strongly correlated with each other,

within the scope of our MCPL task, AOPSAN and BDS were not related to learning

performance in the same way. As it is given in literature review, there is not a consen-

sus about which working memory components were measured by BDS task. Some

researchers (Kessels et al., 2008) claimed it measures short term memory whereas

some others suggested it is related to working memory (Oberauer, 2000). This con-
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flict is mainly dependent to the procedure of the BDS task which does not follow

the classical interfering secondary task procedure used in most of the working mem-

ory capacity span tasks. In fact, BDS task includes a mental ordering stage which

can be related to working memory’s executive processing components. Our findings

support the idea that what BDS measures is di↵erent than what classical WMC tasks

like AOSPAN measure. We may not say that this is because, BDS measures the

short term memory (i.e. slave components in Baddeley’s model). However, we can

state that BDS is related to a working memory component which is mainly used in

MCPL tasks. Furthermore, this measured working memory component is both ac-

tive in numerical and graphical modalities. Our third and fourth hypotheses based on

the assumption that the performance di↵erence in graphical and numerical modali-

ties is related to working memory sub components. We will extend this discussion

by considering the working memory sub components, while discussing our other hy-

potheses.

Concerning the Corsi block tapping WMC measure, in our factorial ANOVA analy-

ses, it was found that, CBT measure did not have a main e↵ect in any of the experi-

ments, while significantly correlating with in the performance in graphical modality.

This finding reveals that CBT do not predict the learning performance independent

from task modality. This could be interpreted as the visuo-spatial working memory

ability measured by CBT is not related to components that are e↵ective when modal-

ity is numerical. In Experiment 3 and Experiment 4 the correlation analysis have

indicated strong correlations between CBT and BDS scores. This finding contrasts

with the results of Kessels et al. (2008) study, because they found weak correlation

between the two span scores. However (Vandierendonck et al., 2004) have found that

in forward and backward version of the CBT, recall was disrupted by visuo-spatial

and executive interference. BDS also contains executive components as empirically

shown by Kessels et al. (2008). Therefore the correlation between BDS and CBT

scores can be caused by the employment of executive functions in these span tasks.

As another WMC related finding we can state that, our results support the idea that

existence of negative cues in MCPL task starts employment of working memory dur-

ing task execution. Remember in Experiment 3, we have added an extra condition,
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graphical modality with all-positive cue task. In this case the correlation between

BDS and performance in graphical modality disappeared. This supports the previous

findings that claim relationship between working memory and MCPL performance is

dependent to polarity of the cues.

H3: Verbal WMC interacts with mode of presentation so that, learners with high

Verbal WMC outperform the learners with low Verbal WMC in case of numerical

mode of presentation, but learning in graphical mode is unrelated to verbal WM

performance.

H4: Visual (spatial) WMC interacts with mode of presentation so that, learners with

high visual (spatial) WMC outperform the learners with low Visual WMC in case of

graphical mode of presentation, learning in numerical mode is unrelated to visual

(spatial) WM performance.

While hypothesizing the superiority of the graphical modality we have considered

that, if a performance di↵erence is found, this could be a sign of allocation of dif-

ferent cognitive constructs, specifically, related to Working Memory Capacity. In

other words we thought that some abilities (related with WMC) of the decision maker

may be becoming congruent with the task mode so that a performance is observed.

Consequently, by considering the experimental results and emphasizing the compo-

nent based nature (Baddeley, 2000) of the Working Memory, we have thought that if

we can measure di↵erent components of Working Memory capacity we may observe

the interaction of this components with the performance in numerical and graphical

modes of MCPL task. The expected interaction was observed after changing the task

settings by increasing the number of negative cues in the criterion function. This

finding is in parallel with the previous research (Rolison et al., 2011). In literature

the first study that dealt with the role of working memory capacity in MCPL tasks

was published in 2011. According to results of this study Rolison et al. (2011) found

a di↵erence in the relation of WMC with learning performance when the polarity of

the cues are mixed as compared to all-positive. They have observed that in case of

existence of negative cue, WMC correlates with learning performance; whereas if

the polarity of the cues are all positive no significant correlations exist. What they
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have claimed was; adding negative cues increases the complexity of task and as the

complexity increased an engagement to controlled processing occurs.

Rolison et al. (2011) explained the findings in the scope of dual processing accounts

of reasoning. This account of reasoning claims the existence two separate processes,

one being unconscious, rapid, automatic, and high capacity, and the other being con-

scious, slow, and deliberative (Evans, 2008). According to this idea, involvement of

WMC may be the sign of controlled processing. However, to explain this finding dual

processing account may not be needed, because the task itself may be causing us not

to observe the e↵ects of working memory. That is to say, all-positive cue polarity

makes the task such that it is easy to remember the relationships/values and high ca-

pacity in working memory is not needed anymore. They actually discussed this issue

in their study and supported their claims by the transfer e↵ects found in their study.

Although our results do support Rolison et al. (2011) indirectly, we will not go into

details of dual processing theories of reasoning and try to relate our findings with

that account, because it is not in the scope of this dissertation. However, some extra

analysis that will take duration values into account may help relating our results with

dual processing theories.

We briefly mentioned about the employed WMC measurements and their correspon-

dence to Baddeley’s working memory components, in the related section in Chapter

2. According to current state of the WM related studies (St Clair-Thompson, 2010;

Kessels et al., 2008), CBT is a measure of short term memory, measuring the slave

components related to visio-spatial ability (Kessels et al., 2008). The status of the

BDS measure, however, is not so clear, because; beside verbal WM components,

there is a possibility of involvement of central executive component in BDS mea-

sure(Oberauer, 2000).

What we have found supports our initial expectations, stated in our third and fourth

hypotheses, in the scope of visuo-spatial working memory components. This is be-

cause, we have observed an interaction between the visuo-spatial WMC and the

MCPL task mode in the fourth experiment. This interaction means that individu-

als with higher visuo-spatial working memory abilities perform better in graphical
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MCPL task, whereas their ability is not related with performance in numerical MCPL

task. As discussed previously this finding is obtained in the task setting used in the

fourth experiment. Remember if validated, our third and fourth hypotheses would

demonstrate the double dissociation between learning performances in numerical and

graphical modalities of MCPL task. The evidence supporting the fourth hypothesis

demonstrate the single dissociation. So what might have been changed between Ex-

periment 3 and Experiment 4 so that the interaction between CBT and learning per-

formance became evident? As mentioned before, in Experiment 3 and Experiment

4 we have found strong correlation between CBT and BDS scores. If we assume

CBT and BDS are strongly correlated because they measure executive components,

we may say that the cognitive demand for the executive components as indicated by

CBT score has decreased in case of numerical modality. This, consequently caused

learning performance in case of numerical modality became unrelated to CBT scores.

Our third hypothesis was not supported by the results obtained in Experiment 3 and

Experiment 4. In other word, the interaction between the BDS score and task modality

was not observed. In the remaining paragraphs we have discussed this finding.

As stated while discussing the second hypothesis, BDS may be measuring a construct

that is very e↵ective in both numerical and graphical MCPL modes. This very e↵ec-

tive component prevent us observing the interactions that can be caused by the other

working memory components that is used in numerical mode but not employed in

graphical mode. For example, if lets say, central executive is highly involved (Over,

2005) in working memory capacity as measured by the BDS and furthermore if this

component is very e↵ective in our current MCPL task settings, this may suppress ob-

serving allocation of verbal WM components in numerical mode and not using them

in graphical mode. As an alternative explanation, the common component that nu-

merical and graphical modalites rely on, can be the verbal components measured by

the BDS score. This means that even when the graphical representations activated in

memory, decision maker relies on the verbal capacities during MCPL task execution.

From a intuitive processing point of view, the results related to numerical modality

may be interpreted as a sign of intuitive processing in numerical MCPL mode, as op-
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posed the previous research (Bastick, 1982). This is because neither of the working

memory capacity measures (BDS and CBT) are related to the performance in numer-

ical MCPL mode. On the other hand, from a analytical processing point of view,

MCPL task execution probably consists of several sub-processes executed serially

or concurrently. The working memory is involved somewhere in the internal pro-

cesses. The processing needs during the execution in numerical MCPL mode could

be di↵erent than the execution in graphical MCPL mode. For example, numerical

representations can be easier to remember so that a little capacity may be enough

to meet the need for verbal working memory demand occurring in numerical mode.

But in graphical mode, because the need for visual working memory resources may

be very high we may observe the relation between the visuo-spatial WM and perfor-

mance in MCPL. This explanation is inline with the numerosity concept (Dehaene,

1999). According to this view there is a sense of number (called as numerosity) even

in non-human animals and this may be causing storing the numerical values easily

during a numerical task.

We have designed the fourth experiment, aiming to involve working memory by in-

creasing the complexity of the MCPL task. However, we couldn’t observe the in-

volvement of verbal working memory with this new setting (i.e. criterion function

with 2 negatively and 2 positively polarization cues). One important observation, in

the fourth experiment, was that, the mean level of achievement of the participants at-

tended to this experiment was very low as compared to other experiments. Decreased

level of performance may be a sign of intuitive processing. This intuitive processing

consequently may be causing not employing the working memory. There could be

several reasons of intuitive processing. For example the task settings may be too di�-

cult to learn. Motivation of the individuals is important at this step. In other words, if

the capacity of the individuals may not be enough to achieve, they must be motivated

to engage to explicit conscious e↵ort for learning. Stanovich & West (2008) states

that if the decision maker is not aware of the need for an explicit conscious e↵ort,

the measured performance values may become unrelated to capacity measures. As

related to this issue, in MCPL learning literature, there are findings about the prob-

lematic nature of outcome feedback. Specifically, when the number of cues are high

or the criterion function is nonlinear, outcome feedback do not contribute to learning
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(Goldstein, 2005;Newell et al., 2007; Hammond et al., 1975). Furthermore for com-

plex tasks it even negatively e↵ects the performance (Harvey, 2012). That is, in case

of non existence of outcome feedback performance becomes higher as compared to

when it exists. To overcome the problems that may be caused by outcome feedback,

the cognitive feedback, such as task information or functional validity information

can be given to decision maker (Harvey, 2012). The e↵ectiveness of these types of

feedback is empirically evident (Balzer et al., 1994). Therefore, although there is not

a predetermined limit at which the infectiveness of outcome feedback is reached, this

may have been the case in Experiment 4 where we did continue to give the outcome

feedback.

7.2 Limitations of the Study

MCPL is the application of Brunswik’s ideas into probabilistic learning. Represen-

tative Design2 is an important aspect of probabilistic functionalism. Without a de-

sign representative of the real environment (in terms of task and judges), it is merely

impossible to generalize the results obtained. This dissertation was initially aimed

at study the real decision makers in their real environments. But due to di�culties

studying the judges -pilots- in the targeted environment -cockpit- we focused on lab-

oratory tasks imitating the real environment to some extend. Therefore we see this

imitation as a limitation of the study, preventing us to make generalizations about the

real environment. However, starting with artificial tasks and using a non expert group

is a very logical first step. Experimenting with real decision makers would result in

wasting resources. Although the environment may be laboratory, MCPL paradigm

can be used to observe behavior of the experts. So linking the results to real domains

could be a follow up study.

Another limitation may again arise from MCPL environment. The results obtained

may be dependent to the MCPL task settings. For example we set inter-cue corre-

lations as very low (near to zero), so we may not assume that, the behavior will be
2 Note that Brunswik used the term ecological validity to refer the correlations between cues and criterion

and the term Representative Design to refer to relevance to real environment.
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same when there exists some cue correlations as it is in the real world. So we need to

interpret the results from the scope of task setting. We may not generalize all results

without generalizing the task settings.

Another methodological problem is that, we did not counterbalance the tasks executed

within an experiment. This has been done in order to administer experiments more

easily. However this non counterbalanced experimenting may have some drawbacks

such as fatigue and boredom, which directly a↵ect the results obtained.

The correspondence between WMC measures and working memory components are

not clear and there is an ongoing research on this subject. Therefore while relating

the working memory capacity to MCPL performances, the used working memory

capacity measure must be taken into consideration.

The number of participants who attended to experiments was not so high so that this

may have prevented us getting significant results when e↵ect sizes are small.

7.3 Future Work

We still think that the verbal working memory capacity is related with numerical

modality in MCPL task. We briefly discussed the possible reasons for not observing

the dissociation of task modes based on the verbal working memory component. As

a consequence of that discussion, some new experiments can be designed. To check

the e↵ect of central executive, another verbal memory measure, preferably measuring

the verbal short term memory, can be employed. Digit span task and n-back task

are two candidate capacity measurement tasks. In working memory related literature

these two task were assumed to be measuring short term memory capacity rather that

working memory capacity (Conway et al., 2005). The level of complexity of the

MCPL task in numerical mode can be increased in order to investigate whether not

observing the interaction caused by less demand for WM capacity. And finally, to

motivate the participant to engage in conscious processing, task information can be
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provided as cognitive feedback.

In this study novice users are used in the experiments conducted. As a next step

using the real decision makers in the laboratory setting would be informative. From a

practical point of view, to give recommendation about the instrument design or extend

some basic findings to cockpit environment, what we need to do is to experiment

with the targeted decision maker group. The other steps would be experimenting in

simulated environments like, flight simulators. Some designed tasks can be produced

and analyzed through MCPL methods. In such an environment the application of

already learned rules may be measured. Additionally by dynamically changing some

relations, the e↵ect of previous belief (coming from already learned weights) can be

studied.

7.4 Summary and Concluding Remarks

With four experiments, this study, aimed to find answers to specific questions re-

lated to MCPL and interaction of individual di↵erence measures with performance

in MCPL tasks. At the MCPL task side, we were specifically interested in numeri-

cal and graphical modes of the task in terms of presentation of cues, presentation of

outcome feedback and collecting judgment response. At the decision maker side we

mainly focused on Individual Di↵erences in Working Memory Capacity (WMC).

As predicted in our first hypothesis (H1), we empirically showed that performance of

an individual is di↵erent and significantly higher when MCPL task mode is graphical

as compared to numerical task mode. From the Individual Di↵erences point of view,

verbal working memory indicated by Backward Digit Span task, regardless of the task

mode, predicts the performance in our MCPL task settings. This finding partially sup-

ported our second hypothesis (H2). Furthermore, visuo-spatial working memory as

assessed by Corsi Block Tapping test, interacts with task mode, indicating the single

dissociation between performance in numerical mode and performance in graphical

mode. In parallel with our fourth hypothesis (H4), this last finding recommend us
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a single dissociation between the learning performances in numerical and graphical

modality as indicated by visual working memory capacity measured by Corsi Block

Tapping test. We couldn’t find a double dissociation because we couldn’t find the

opposite interaction between learning performances as initially predicted in our third

hypothesis (H3).

To our knowledge, this is the first study that examine the e↵ect of numerical and

graphical modalities in MCPL task cumulatively. We have found that graphical

modality is superior to numerical one in terms of facilitating the learning. Further-

more, although some previous studies explored the e↵ect of numerical and graphical

presentation modalities in MCPL paradigm, as opposed to them (e.g. Kerkar, 1984),

we have found graphical modality is more e↵ective in increasing the learning perfor-

mance.

Another uniqueness is in investigation of individual di↵erences in working memory

capacity in MCPL tasks. At the time this study initiated there was no published study

in the literature examining the relationship between WMC and learning performance

in MCPL. The only such study existing in literature which was publised by Rolison

et al., has appeared at the end of the 2011. Our study supports the the findings of

Rolison et al. (2011), such that the working memory is e↵ective in MCPL task, if

there are negative cues in the criterion function. However we have observed this

relationship for the backward digit span measure but not for the AOPSAN measure

which is similar to the WMC measure used in Rolison et al. (2011). We think that

these results fill some part of the existing gap in the literature which is about how

working memory and its sub-components are related to performance in MCPL tasks.

Since to our best knowledge, no other study investigated the interaction between

working memory components and di↵erent presentation modalities in MCPL, the

findings imply a specific contribution for cognitive study of MCPL, as this study

reveals the dissociation between learning performances in graphical and numerical

modalities.

This and follow up studies have promising implications. For example studying the
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e↵ect of individual di↵erences provides the opportunity for creating user interfaces

adaptive according to its user, so that the best possible interaction can be generated.

This may be extended to adaptation according to the properties of the task. In other

words, for specific task modes the interaction that would result in a better perfor-

mance can be created. Similarly, tasking according to the nature of the duty may be

another practical implication of the study. If the relevancy to real environment could

be assessed , artificially generated laboratory tasks can be used to train and evaluate

the real world decision makers.
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APPENDICES A

APPENDIX A: EXPERIMENT MATERIALS

A.1 Story in Turkish

Buhar Kazanı suyu buhara çevirmek için kullanılan alettir. Şekilde bir tür buhar

kazanı gösterilmektedir. Kazan içerisindeki suyun sıcaklığı üç kontrol düğmesi tarafın-

dan kontrol edilmektedir. Kontrol düğmelerinin ayar değerleri kendi renklerindeki üç

gösterge ile ifade edilmektedir. Suyun sıcaklığı bu ayar değerlerine bağlı olsa da

kazanın güvenlik mekanizmasından dolayı gerçek sıcaklık tam olarak hesaplanama-

maktadır.
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A.2 Information Consent Form

Figure A.1: Information Consent Form (Approved)
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A.3 Debriefing Form

Figure A.2: Debriefing Form (Approved)
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A.4 Ethics Committee Approval Form
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APPENDICES B

APPENDIX B: EXPERIMENT DATA AND ANALYSIS

RESULTS

This chapter contains the data collected with experiments and the results of the anal-

yses done using the this data.

B.1 Experiment-1

Table B.1: Graphical Condition Achievement Scores and Completion Time

(Experiment-1).

B1, B2, B3, B4, B5, B6=Achievements for Block1, Block2, Block3, Block4, Block5, Block6.

Ach=Overall Achievement. Time=Completion duration in minutes. AOSPAN=AOSPAN absolute

score.

Ref. B1 B2 B3 B4 B5 B6 Time Ach. AOSPAN

100 0.68 0.61 0.46 0.49 0.60 0.67 25 0.59 37

99 0.66 0.64 0.88 0.91 0.87 0.64 28 0.77 75

98 0.74 0.86 0.85 0.68 0.73 0.85 22 0.78 50

97 0.81 0.58 0.66 0.75 0.72 0.75 31 0.71 33

96 0.48 0.55 0.74 0.71 0.69 0.68 28 0.64 37

95 0.72 0.73 0.62 0.48 0.68 0.68 18 0.64 54

94 0.65 0.53 0.59 0.62 0.74 0.48 41 0.61 28

Continued on next page
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Table B.1 – Continued from previous page

Ref. B1 B2 B3 B4 B5 B6 Time Ach. AOSPAN

93 0.54 0.68 0.59 0.53 0.59 0.62 25 0.58 42

92 0.70 0.77 0.78 0.73 0.75 0.90 46 0.77 39

91 0.81 0.83 0.83 0.83 0.84 0.87 28 0.82 62

79 0.72 0.85 0.84 0.92 0.96 0.96 50 0.87 51

78 0.61 0.66 0.70 0.66 0.68 0.71 17 0.65 28

77 0.16 0.65 0.76 0.77 0.64 0.87 28 0.67 29

76 0.54 0.68 0.86 0.91 0.89 0.93 42 0.82 68

74 0.76 0.82 0.80 0.92 0.93 0.93 61 0.86 60

73 0.11 0.62 0.78 0.68 0.80 0.77 64 0.60 51

64 0.66 0.63 0.52 0.79 0.71 0.74 30 0.68 46

63 0.73 0.81 0.78 0.74 0.77 0.74 20 0.74 3

62 0.76 0.71 0.85 0.68 0.62 0.76 26 0.73 38

61 0.14 0.25 0.25 0.56 0.32 0.61 22 0.35 47

60 0.84 0.91 0.97 0.97 0.94 0.94 71 0.93 75

59 0.38 0.57 0.70 0.67 0.70 0.64 25 0.59 22

55 0.19 0.60 0.66 0.62 0.63 0.71 22 0.56 50

48 0.73 0.66 0.63 0.75 0.84 0.86 50 0.74 37

47 0.31 0.57 0.83 0.86 0.73 0.76 43 0.67 46

46 0.69 0.67 0.69 0.53 0.82 0.61 18 0.66 55
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Table B.2: Numerical Condition Achievement Scores and Completion Time

(Experiment-1).

B1, B2, B3, B4, B5, B6=Achievements for Block1, Block2, Block3, Block4, Block5, Block6.

Ach=Overall Achievement. Time=Completion duration in minutes. AOSPAN=AOSPAN absolute

score.

Ref. B1 B2 B3 B4 B5 B6 Time Ach. AOSPAN

90 0.94 0.89 0.87 0.85 0.80 0.83 31 0.86 40

89 0.36 0.59 0.35 0.29 0.37 0.46 19 0.42 62

88 0.04 0.20 0.55 0.32 0.43 0.34 35 0.32 75

87 0.53 0.73 0.84 0.82 0.82 0.85 32 0.76 44

86 0.62 0.49 0.68 0.61 0.62 0.68 39 0.61 37

85 0.49 0.32 0.32 0.43 0.17 0.26 30 0.34 42

84 0.43 0.57 0.53 0.46 0.74 0.76 23 0.60 48

83 0.58 0.31 0.50 0.54 0.38 0.49 42 0.47 43

82 0.67 0.56 0.39 0.46 0.66 0.49 46 0.54 48

81 0.45 0.50 0.62 0.64 0.48 0.46 40 0.50 28

80 0.71 0.74 0.73 0.62 0.55 0.70 50 0.68 32

72 0.50 0.57 0.35 0.49 0.47 0.63 17 0.50 19

70 0.56 0.35 0.70 0.04 0.38 0.41 18 0.43 53

68 0.67 0.48 0.30 0.29 0.45 0.50 25 0.42 42

67 0.14 0.28 0.19 -0.11 0.21 0.49 32 0.21 47

66 0.51 0.64 0.62 0.57 0.63 0.73 23 0.61 25

65 0.59 0.55 0.63 0.68 0.57 0.53 21 0.59 61

57 0.65 0.35 0.41 0.33 0.28 0.69 18 0.45 46

56 0.34 0.59 0.79 0.87 0.83 0.81 26 0.71 38

54 0.72 0.69 0.51 0.70 0.13 0.17 26 0.45 36

53 0.73 0.29 0.47 0.60 0.59 0.52 14 0.55 50

52 0.48 0.30 0.34 0.51 0.83 0.77 43 0.54 55

50 0.63 0.50 0.62 0.72 0.61 0.83 46 0.66 37
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B.2 Experiment-2

Table B.3: Graphical Condition Achievement Scores and Completion Time

(Experiment-2)

B1, B2, B3, B4, B5, B6=Achievements for Block1, Block2, Block3, Block4, Block5, Block6.

Ach=Overall Achievement. Time=Completion duration in minutes. AOSPAN=AOSPAN absolute

score. BDS=BDS absolute score.

Ref. B1 B2 B3 B4 B5 B6 Time Ach. AOSPAN BDS

46 0.83 0.75 0.61 0.67 0.61 0.64 26.8 0.68 19 20

43 0.46 0.64 0.23 0.58 0.42 0.52 24.38 0.48 24 20

249 0.73 0.24 0.5 0.61 0.56 0.45 48.95 0.52 36 21

500 0.67 0.69 0.82 0.54 0.65 0.77 43.24 0.69 59 25

501 0.64 0.81 0.46 0.54 0.67 0.74 27.1 0.64 57 23

502 0.71 0.66 0.81 0.65 0.75 0.54 36.79 0.69 45 23

503 0.41 0.57 0.63 0.45 0.64 0.8 24.82 0.58 48 21

504 0.12 0.23 0.21 0.12 0 0.23 28.41 0.13 51 19

612 0.4 0.49 0.61 0.61 0.71 0.63 35.37 0.58 - 22

808 0.54 0.28 0.36 0.28 -0.1 0.55 58.51 0.31 26 13

812 0.52 0.64 0.57 0.63 0.7 0.54 57.93 0.59 57 21

813 0.68 0.77 0.93 0.85 0.9 0.85 47.03 0.83 43 19

150 0.77 0.75 0.88 0.75 0.8 0.84 42.37 0.79 50 22

149 0.47 0.47 0.44 0.5 0.49 0.56 31.31 0.49 62 25

148 0.75 0.65 0.59 0.75 0.65 0.79 25.69 0.7 37 24

147 0.5 0.33 0.59 0.54 0.56 0.66 36.21 0.53 69 23

146 0.42 0.25 0.28 0.38 0.48 0.63 22.55 0.4 27 24

143 0.82 0.9 0.88 0.69 0.92 0.93 200.46 0.87 53 24

137 0.82 0.65 0.63 0.58 0.7 0.53 64.15 0.65 34 19

136 0.61 0.24 0.5 0.53 0.61 0.59 12.87 0.53 34 19

250 0.6 0.31 0.28 0.62 0.53 0.53 44.4 0.48 31 22

301 0.77 0.71 0.86 0.73 0.76 0.78 37.04 0.77 51 25

302 0.6 0.59 0.66 0.57 0.43 0.77 31.94 0.61 28 18

Continued on next page
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Table B.3 – Continued from previous page

Ref. B1 B2 B3 B4 B5 B6 Time Ach. AOSPAN BDS

804 0.47 0.56 0.65 0.63 0.6 0.71 54.8 0.6 34 16

805 0.47 0.77 0.71 0.7 0.75 0.47 45.33 0.66 42 20

806 0.42 0.38 0.5 0.44 0.37 0.04 45.45 0.36 43 20

807 0.61 0.73 0.66 0.59 0.65 0.77 32.92 0.65 36 24

816 -0.1 0.75 0.79 0.76 0.75 0.68 27.05 0.59 68 23

Table B.4: Numerical Condition Achievement Scores and Completion Time

(Experiment-2)

B1, B2, B3, B4, B5, B6=Achievements for Block1, Block2, Block3, Block4, Block5, Block6.

Ach=Overall Achievement. Time=Completion duration in minutes. AOSPAN=AOSPAN absolute

score. BDS=BDS absolute score.

Ref. B1 B2 B3 B4 B5 B6 Time Ach. AOSPAN BDS

138 0.31 0.33 0.59 0.41 0.75 0.9 31.33 0.55 49 22

50 0.73 0.61 0.69 0.74 0.74 0.67 33.2 0.68 34 22

47 0.7 0.56 0.44 0.56 0.63 0.64 18.31 0.58 27 19

45 0.61 0.63 0.4 0.33 0.29 0.65 16.13 0.5 19 17

44 0.61 0.65 0.68 0.62 0.49 0.65 23.04 0.59 37 18

42 0.45 0.46 0.4 0.42 0.49 0.57 45.2 0.46 61 26

247 0.68 0.59 0.31 0.59 0.51 0.45 18.55 0.52 38 19

400 0.72 0.7 0.37 0.66 0.63 0.57 37.99 0.62 28 14

401 0.31 0.09 0.52 0.35 0.7 0.55 30.54 0.42 68 27

402 0.6 0.65 0.52 0.66 0.51 0.65 32.6 0.58 19 13

505 0.72 0.62 0.71 0.58 0.58 0.76 14.9 0.62 56 20

600 0.52 0.56 0.53 0.49 0.47 0.7 26.43 0.54 - 13

809 0.57 0.8 0.78 0.79 0.75 0.84 23.02 0.74 56 18

810 0.79 0.72 0.75 0.62 0.31 0.21 25.31 0.59 37 15

Continued on next page
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Table B.4 – Continued from previous page

Ref. B1 B2 B3 B4 B5 B6 Time Ach. AOSPAN BDS

814 0.56 0.48 0.62 0.62 0.59 0.56 19.5 0.56 68 20

815 0.81 0.82 0.66 0.64 0.54 0.73 54.03 0.71 39 14

144 0.56 0.8 0.94 0.92 0.95 0.96 86.38 0.86 48 28

145 0.94 0.89 0.93 0.88 0.95 0.93 37.88 0.92 37 24

142 0.85 0.95 0.9 0.9 0.94 0.97 52.94 0.92 55 29

141 0.63 0.65 0.92 0.81 0.93 0.95 38.7 0.82 44 27

134 0.12 0.5 0.75 0.54 0.7 0.83 29.81 0.61 40 26

48 0.52 0.72 0.72 0.66 0.83 0.91 18.52 0.73 46 23

248 0.79 0.88 0.92 0.89 0.88 0.89 79.79 0.86 63 19

601 0.55 0.22 0.13 0.66 0.66 0.51 14.81 0.47 28 17

604 0.45 0.56 0.61 0.67 0.71 0.73 46.66 0.61 - 21

610 0.68 0.67 0.72 0.65 0.85 0.83 24.1 0.73 62 25

801 0.46 0.68 0.61 0.71 0.71 0.77 31.27 0.66 56 29

802 0.74 0.81 0.84 0.81 0.81 0.8 33.65 0.8 68 21

803 0.45 0.6 0.63 0.59 0.73 0.75 23.35 0.62 44 27

811 0.67 0.72 0.78 0.75 0.72 0.75 31.54 0.73 63 24
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B.3 Experiment-3

Table B.5: Graphical Condition Achievement Scores and Completion Time

(Experiment-3)

B1, B2, B3, B4, B5, B6=Achievements for Block1, Block2, Block3, Block4, Block5, Block6.

Ach=Overall Achievement. Time=Completion duration in minutes. BDS=BDS absolute score.

CBT=CBT absolute score.

Ref. B1 B2 B3 B4 B5 B6 Time Ach. BDS CBT

50 0.49 0.40 0.56 0.59 0.75 0.75 45.82 0.57 19 03

51 0.54 0.77 0.68 0.76 0.72 0.72 34.01 0.66 21 13

52 0.57 0.6 0.57 0.42 0.7 0.35 29.22 0.54 18 12

53 0.69 0.75 0.87 0.83 0.84 0.82 51.5 0.78 24 10

54 0.66 0.8 0.8 0.82 0.72 0.81 22.66 0.77 17 10

55 0.53 0.75 0.71 0.74 0.82 0.77 32.13 0.72 18 13

56 0.71 0.57 0.74 0.82 0.85 0.82 49.02 0.76 15 12

57 0.71 0.81 0.66 0.67 0.71 0.81 39.22 0.72 22 13

58 0.52 0.48 0.91 0.95 0.91 0.95 62.27 0.78 27 18

59 0.56 0.5 0.74 0.53 0.65 0.73 42.57 0.63 25 13

60 0.72 0.9 0.81 0.87 0.89 0.95 31.18 0.86 21 19

61 0.69 0.53 0.53 0.47 0.64 0.46 15.83 0.54 17 9

62 0.52 0.3 0.43 0.35 0.32 0.38 19.57 0.38 20 14

63 0.6 0.53 0.55 0.46 0.45 0.6 30.45 0.53 21 15

64 0.74 0.53 0.75 0.84 0.71 0.57 30.22 0.7 20 11

65 0.82 0.92 0.91 0.88 0.91 0.88 45.71 0.88 24 12

66 0.65 0.81 0.92 0.91 0.9 0.88 44.04 0.84 21 13

67 0.48 0.64 0.6 0.73 0.64 0.8 29.96 0.66 29 17

68 0.58 0.68 0.6 0.56 0.74 0.79 26.51 0.66 17 16

69 0.52 0.59 0.72 0.63 0.69 0.7 25.66 0.63 20 13

70 0.44 0.62 0.24 0.11 0.46 0.18 27.16 0.37 19 11

71 0.38 0.57 0.56 0.23 0.23 0.79 60.32 0.66 18 13

72 0.67 0.56 0.46 0.23 0.6 0.56 27.21 0.55 18 15

Continued on next page
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Table B.5 – Continued from previous page

Ref. B1 B2 B3 B4 B5 B6 Time Ach. BDS CBT

73 0.73 0.69 0.78 0.84 0.72 0.75 28.87 0.75 19 18

74 0.5 0.74 0.09 0.58 0.71 0.46 47.95 0.55 21 14

75 0.52 0.79 0.82 0.88 0.87 0.89 31.98 0.8 22 17

76 0.8 0.74 0.73 0.74 0.69 0.85 20.52 0.76 26 18

77 0.85 0.93 0.97 0.97 0.98 0.94 58.53 0.94 22 17

78 0.86 0.89 0.96 0.98 0.96 0.96 76.72 0.93 25 17

79 0.62 0.65 0.73 0.65 0.73 0.78 22.52 0.69 25 17

80 0.59 0.33 0.11 0.28 0.44 0.42 24.89 0.39 15 6

81 0.45 0.76 0.75 0.86 0.91 0.87 38.57 0.77 25 20

82 0.73 0.78 0.74 0.58 0.53 0.75 29.02 0.69 26 23

83 0.52 0.52 0.68 0.68 0.65 0.51 33.51 0.6 25 16

84 0.65 0.81 0.74 0.75 0.63 0.66 44.84 0.71 27 14

85 0.45 0.68 0.71 0.78 0.64 0.74 56.35 0.65 21 16

86 0.53 0.35 0.05 0.44 0.12 0.22 52.99 0.26 23 15

87 0.81 0.76 0.86 0.73 0.8 0.78 27.56 0.79 15 12

88 0.58 0.74 0.66 0.67 0.51 0.76 20.85 0.66 23 15

89 0.24 0.8 0.68 0.84 0.75 0.66 37.76 0.67 23 16

90 0.26 0.33 0.51 0.46 0.27 0.3 19.66 0.33 15 12

91 0.76 0.8 0.81 0.84 0.87 0.89 25.46 0.82 23 16

92 0.3 0.25 0.5 0.04 0.29 0.59 28.63 0.32 18 14

93 0.65 0.77 0.83 0.67 0.74 0.74 19.44 0.73 23 9

94 0.73 0.26 0.22 0.4 0.46 0.3 21.34 0.44 18 11

95 0.8 0.85 0.8 0.88 0.81 0.88 37.22 0.83 23 18

96 0.84 0.79 0.76 0.62 0.78 0.82 43.1 0.77 20 13

97 0.79 0.91 0.92 0.81 0.89 0.74 39.31 0.82 18 14

98 0.7 0.79 0.85 0.86 0.91 0.89 46.32 0.83 27 16
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Table B.6: Numerical Condition Achievement Scores and Completion Time

(Experiment-3)

B1, B2, B3, B4, B5, B6=Achievements for Block1, Block2, Block3, Block4, Block5, Block6.

Ach=Overall Achievement. Time=Completion duration in minutes. BDS=BDS absolute score.

CBT=CBT absolute score.

Ref. B1 B2 B3 B4 B5 B6 Time Ach. BDS CBT

1 0.68 0.39 0.62 0.51 0.32 0.46 38.01 0.48 20 11

2 0.26 0.36 0.21 0.15 0.02 0.03 48.11 0.13 17 9

3 0.71 0.64 0.32 0.58 0.54 0.59 61.79 0.57 16 10

4 0.27 0.02 0.02 0.59 0.26 0.35 46.73 0.25 20 17

5 0.57 0.74 0.66 0.75 0.76 0.79 31.12 0.69 22 16

6 0.3 0.35 0.26 0.06 0.11 0.06 32.83 0.17 23 15

7 0.19 0.11 0.27 0.45 0 0.03 27.38 0.17 21 10

8 0.55 0.62 0.61 0.42 0.29 0.68 46.61 0.53 17 12

9 0.57 0.55 0.59 0.47 0.48 0.46 27.55 0.52 18 15

10 0.27 0.79 0.13 0.66 0.77 0.72 28.51 0.54 16 8

11 0.45 0.34 0.54 0.54 0.43 0.7 24.95 0.51 24 18

12 0.59 0.53 0.57 0.28 0.65 0.43 30.43 0.5 20 8

13 0.06 0.26 0.05 0.13 0.28 0.04 26.2 0.15 21 13

14 0.32 0.11 0.15 0.71 0.37 0.5 28.21 0.32 21 11

15 0.63 0.32 0.37 0.38 0.59 0.55 30.53 0.48 20 8

16 0.22 0.35 0.34 0.65 0.52 0.54 26.04 0.42 17 18

17 0.67 0.63 0.66 0.85 0.69 0.66 33.77 0.69 19 7

18 0.46 0.44 0.56 0.04 0.39 0.64 12.82 0.42 20 12

19 0.64 0.7 0.63 0.7 0.64 0.78 20.69 0.67 30 18

20 0.51 0.32 0.38 0.59 0.6 0.47 43.31 0.48 19 14

21 0.56 0.34 0.04 0.11 0.21 0.1 16.37 0.22 20 17

22 0.32 0.21 0.32 0.15 0.22 0.13 15.8 0.18 21 14

23 0.36 0.15 0.59 0.28 0.33 0.28 55.35 0.32 23 11

24 0.42 0.4 0.3 0.42 0.45 0.69 73.36 0.41 20 7

Continued on next page
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Table B.6 – Continued from previous page

Ref. B1 B2 B3 B4 B5 B6 Time Ach. BDS CBT

25 0.5 0.55 0.52 0.24 0.71 0.75 61.51 0.54 21 18

26 0.66 0.56 0.71 0.66 0.68 0.73 29.88 0.67 18 10

27 0.67 0.73 0.45 0.47 0.57 0.24 28.91 0.55 19 12

28 0.8 0.73 0.62 0.74 0.57 0.67 50.28 0.69 18 11

29 0.67 0.62 0.49 0.53 0.55 0.71 18.98 0.59 20 12

30 0.45 0.38 0.55 0.52 0.24 0.36 46.26 0.39 17 13

31 0.37 0.58 0.47 0.48 0.23 0.66 14.88 0.48 17 14

32 0.71 0.62 0.53 0.2 0.4 0.15 38.89 0.43 18 16

33 0.74 0.78 0.61 0.63 0.72 0.1 40.93 0.6 25 17

34 0.73 0.74 0.86 0.61 0.78 0.84 42.99 0.75 21 18

35 0.55 0.24 0.4 0.25 0.3 0.2 23.01 0.32 17 17

36 0.52 0.71 0.68 0.48 0.51 0.71 39.81 0.6 17 11

37 0.55 0.6 0.44 0.58 0.57 0.73 23.28 0.56 24 19

38 0.45 0.37 0.42 0.46 0.58 0.61 33.54 0.47 25 14

39 0.62 0.63 0.56 0.59 0.69 0.82 41.69 0.66 15 14

40 0.59 0.78 0.73 0.68 0.71 0.78 36.63 0.71 22 14

41 0.72 0.84 0.76 0.67 0.75 0.84 31.02 0.76 24 13

42 0.07 0.39 0.31 0.13 0.11 0.03 30.77 0.1 18 16

43 0.58 0.9 0.94 0.97 0.95 0.93 39.99 0.89 25 12

44 0.77 0.8 0.75 0.83 0.77 0.86 15.47 0.8 28 22

45 0.14 0.01 0.08 0.14 0.06 0.43 20.94 0.12 16 7

46 0.74 0.82 0.92 0.87 0.93 0.88 48.11 0.85 23 19

47 0.34 0.49 0.93 0.94 0.95 0.91 46.34 0.78 21 14

48 0.87 0.86 0.86 0.95 0.95 0.97 64.73 0.91 18 16

49 0.47 0.54 0.31 0.44 0.52 0.41 15.47 0.41 24 12
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Table B.7: Graphical and All Positive Polarization Condition Achievement Scores

and Completion Time (Experiment-3)

B1, B2, B3, B4, B5, B6=Achievements for Block1, Block2, Block3, Block4, Block5, Block6.

Ach=Overall Achievement. Time=Completion duration in minutes. BDS=BDS absolute score.

CBT=CBT absolute score.

Ref. B1 B2 B3 B4 B5 B6 Time Ach. BDS CBT

1-2 0,82 0,9 0,8 0,76 0,77 0,73 0,8 29,68 24 14

1-3 0,83 0,79 0,87 0,85 0,91 0,85 0,85 30,47 27 21

1-4 0,71 0,79 0,65 0,76 0,6 0,74 0,69 17,61 26 17

1-5 0,71 0,78 0,85 0,81 0,69 0,8 0,78 42,04 19 17

2-3 0 0,32 0,14 0,14 0,37 0,4 0,25 27,49 18 12

2-4 0,74 0,62 0,87 0,77 0,64 0,82 0,74 26,64 17 11

2-5 0,7 0,79 0,77 0,65 0,71 0,73 0,72 31,29 17 14

3-2 0,67 0,63 0,62 0,52 0,54 0,53 0,57 32,5 16 11

3-3 0,7 0,69 0,76 0,78 0,82 0,85 0,76 36,52 22 11

3-4 0,82 0,9 0,89 0,83 0,79 0,85 0,82 35,6 16 14

4-2 0,67 0,53 0,73 0,46 0,63 0,67 0,61 14,25 24 15

4-3 0,69 0,58 0,87 0,82 0,72 0,83 0,75 40,7 21 12

4-4 0,47 0,35 0,89 0,82 0,85 0,74 0,65 54,44 24 18

4-5 0,82 0,84 0,86 0,83 0,81 0,91 0,84 50,04 22 9

5-2 0,68 0,73 0,72 0,75 0,73 0,83 0,73 23,1 18 9

5-4 0,8 0,63 0,86 0,81 0,76 0,85 0,79 27,55 19 14

5-5 0,67 0,76 0,75 0,71 0,82 0,83 0,76 30,79 26 16

6-3 0,82 0,85 0,73 0,59 0,71 0,85 0,77 29,54 20 15

6-4 0,88 0,8 0,86 0,88 0,86 0,91 0,86 43,66 25 10

6-5 0,77 0,58 0,8 0,66 0,73 0,82 0,72 24,72 25 15

7-3 0,15 0,27 0,36 0,22 0,05 0,02 0,19 22,52 17 13

7-4 0,94 0,95 0,92 0,91 0,89 0,61 0,86 47,14 24 13

7-5 0,85 0,82 0,71 0,74 0,89 0,85 0,79 25,81 15 15

8-3 0,81 0,65 0,84 0,79 0,84 0,9 0,8 36,11 22 12

Continued on next page

144



Table B.7 – Continued from previous page

Ref. B1 B2 B3 B4 B5 B6 Time Ach. BDS CBT

8-4 0,83 0,71 0,75 0,63 0,75 0,86 0,76 24,27 15 17

8-5 0,74 0,84 0,7 0,6 0,6 0,64 0,69 22,14 22 12

9-3 0,64 0,65 0,65 0,59 0,47 0,25 0,55 20,27 18 13

9-4 0,67 0,83 0,87 0,86 0,88 0,93 0,83 28,14 19 18

9-5 0,72 0,91 0,92 0,86 0,91 0,88 0,87 36,7 20 14

10-4 0,55 0,87 0,81 0,92 0,83 0,89 0,81 33,94 19 15

10-5 0,78 0,75 0,67 0,58 0,72 0,73 0,7 47,91 16 15

12-4 0,71 0,74 0,79 0,59 0,69 0,53 0,67 22,87 16 7

12-5 0,84 0,63 0,75 0,74 0,47 0,68 0,68 21,84 19 15

13-5 0,81 0,57 0,73 0,52 0,49 0,6 0,61 21,17 22 12

1-6 0,7 0,76 0,61 0,58 0,76 0,81 0,69 17,64 17 9

1-7 0,94 0,9 0,94 0,91 0,95 0,89 0,92 17,14 21 21

1-9 0,82 0,75 0,61 0,67 0,66 0,72 0,7 18,56 17 12

2-6 0,69 0,77 0,6 0,79 0,74 0,75 0,72 29,91 18 7

2-7 0,78 0,81 0,82 0,83 0,76 0,8 0,8 36,21 23 14

2-8 0,37 0,68 0,67 0,7 0,59 0,74 0,61 14,93 21 10

2-9 0,78 0,76 0,85 0,8 0,79 0,72 0,78 32,49 26 15

3-8 0,88 0,85 0,87 0,78 0,81 0,89 0,85 32,49 20 15

4-7 0,79 0,87 0,81 0,64 0,52 0,68 0,73 18,84 22 15

4-8 0,85 0,9 0,82 0,86 0,83 0,73 0,84 21,78 26 19

4-11 0,74 0,8 0,68 0,93 0,89 0,88 0,8 68,69 20 13

5-7 0,84 0,79 0,67 0,59 0,82 0,75 0,75 24,93 24 11

5-8 0,75 0,87 0,85 0,75 0,84 0,84 0,82 26,3 22 11

6-6 0,81 0,91 0,89 0,86 0,83 0,9 0,87 36,4 21 8

6-7 0,77 0,64 0,69 0,83 0,84 0,83 0,75 34,85 25 16

6-9 0,85 0,83 0,53 0,85 0,77 0,82 0,77 23,66 22 20

7-6 0,74 0,69 0,79 0,86 0,7 0,75 0,75 29,84 17 12

7-7 0,79 0,94 0,89 0,9 0,91 0,92 0,88 47,02 18 18

7-8 0,75 0,51 0,76 0,68 0,65 0,69 0,67 22,4 23 14
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Table B.7 – Continued from previous page

Ref. B1 B2 B3 B4 B5 B6 Time Ach. BDS CBT

8-7 0,8 0,8 0,82 0,83 0,77 0,82 0,79 51,72 22 15

8-8 0,77 0,56 0,74 0,63 0,51 0,79 0,65 18,71 19 14

9-7 0,78 0,82 0,79 0,75 0,69 0,82 0,79 28,83 12 13

9-8 0,71 0,83 0,65 0,69 0,76 0,59 0,7 21,42 16 17

10-6 0,64 0,83 0,77 0,87 0,72 0,76 0,75 28,94 17 19

10-7 0,71 0,72 0,59 0,85 0,66 0,7 0,68 24,82 20 18

10-8 0,78 0,8 0,8 0,72 0,8 0,62 0,76 22,31 20 22

12-6 0,5 0,63 0,81 0,82 0,62 0,8 0,69 22,17 21 11

12-7 0,84 0,8 0,8 0,94 0,79 0,91 0,84 32,54 15 12

12-8 0,77 0,79 0,77 0,75 0,68 0,84 0,76 26,36 21 17

13-7 0,53 0,4 0,22 0,59 0,53 0,47 0,43 26,03 14 11

13-8 0,77 0,65 0,83 0,85 0,77 0,66 0,76 22,99 20 17
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B.4 Experiment-4

Table B.8: Graphical Condition Achievement Scores and Completion Time

(Experiment-4)

B1, B2, B3, B4, B5, B6=Achievements for Block1, Block2, Block3, Block4, Block5, Block6.

Ach=Overall Achievement. Time=Completion duration in mins. BDS=BDS score. CBT=CBT score.

Ref. B1 B2 B3 B4 B5 B6 Time Ach. BDS CBT

1-7 -0,14 -0,08 0,08 -0,19 0,04 0,16 -0,01 0,00 16 12

7-7 0,23 0,47 0,47 0,45 0,63 0,38 0,46 0,00 19 10

1-10 -0,06 0,05 0,14 0,17 0,12 0,1 0,07 0,00 23 16

3-10 0,36 0,25 0,46 0,34 0,36 0,31 0,35 0,00 22 17

1-11 0,12 0,51 0,7 0,76 0,71 0,44 0,55 0,00 25 19

3-11 0,07 0,25 0,18 0,12 0,12 0,28 0,17 0,00 21 15

6-11 0,13 0,37 0,43 0,38 0,53 0,12 0,33 0,00 23 10

7-11 0,21 0,51 0,74 0,71 0,7 0,8 0,61 0,00 17 17

11-11 0,02 -0,04 0,16 0,2 0,16 0,37 0,17 0,00 26 12

1-14 -0,12 0,37 0,53 0,49 0,11 0,36 0,29 0,00 29 15

6-14 0,15 0,16 -0,25 -0,09 -0,04 -0,03 0,02 0,00 18 20

7-14 0,35 -0,05 0,04 0,12 -0,05 -0,01 0,08 0,00 17 14

11-14 0,26 0,76 0,79 0,72 0,85 0,85 0,69 0,00 29 15

13-14 0,12 0,27 0,38 0,69 0,76 0,74 0,51 0,00 23 18

1-15 0 0 0 0 0 0 0,6 0,00 21 17

6-15 0,01 -0,06 -0,15 0,06 0,05 0,16 0,01 0,00 14 15

7-15 0,43 0,3 0,42 0,25 0,28 0,22 0,32 0,00 21 11

11-15 -0,13 0,17 -0,23 0,08 -0,21 0,13 -0,03 0,00 22 17

13-15 0,26 0,57 0,51 0,47 0,51 0,7 0,48 0,00 23 14

5-16 0,15 0,2 0,15 0,16 0,38 0,64 0,26 0,00 21 18

6-16 0,64 0,55 0,67 0,86 0,9 0,94 0,75 0,00 24 17

7-16 0,63 0,75 0,77 0,77 0,86 0,83 0,76 0,00 29 19

9-16 0,51 0,54 0,54 0,46 0,71 0,67 0,58 0,00 22 16

1-17 0,28 0,21 0,26 0,25 0,13 0,2 0,18 0,00 20 12
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Table B.8 – Continued from previous page

Ref. B1 B2 B3 B4 B5 B6 Time Ach. BDS CBT

6-17 0,14 0,13 0,14 0,34 0 -0,21 0,11 0,00 18 7

7-17 0,05 0,2 0,04 0,03 0,27 0,29 0,15 0,00 20 13

11-17 0,24 0,1 0,41 0,56 -0,12 0,22 0,25 0,00 17 7

13-17 0,28 -0,16 0,55 0,14 0,33 0,51 0,3 0,00 22 10

1-19 -0,03 0,12 0,31 0,27 0,02 0,2 0,13 0,00 29 12

6-19 0,24 -0,09 0,26 0,19 0,35 0,08 0,18 0,00 23 18

7-19 0,06 0,65 0,79 0,51 0,61 0,52 0,51 0,00 19 15

11-19 -0,06 0,32 0,27 0,2 0,21 -0,01 0,12 0,00 20 16

13-19 0,2 0,11 -0,08 -0,05 0,04 0,1 0,07 0,00 17 9

14-19 -0,32 0,28 0,32 0,21 0 -0,13 0,1 0,00 17 13

3-27 0,33 0,17 0,05 0,61 0,48 0,52 0,4 0,00 26 15

4-27 0,28 -0,03 -0,06 -0,22 -0,17 -0,01 -0,01 0,00 20 10

Table B.9: Numerical Condition Achievement Scores and Completion Time

(Experiment-4)

B1, B2, B3, B4, B5, B6=Achievements for Block1, Block2, Block3, Block4, Block5, Block6.

Ach=Overall Achievement. Time=Completion duration in mins. BDS=BDS score. CBT=CBT score.

Ref. B1 B2 B3 B4 B5 B6 Time Ach. BDS CBT

3-7 0,09 0 0,18 -0,32 0,4 0,3 0,12 0,00 22 15

5-7 0,06 0,02 -0,07 0,2 0,37 0,39 0,13 0,00 22 12

9-7 -0,18 0,11 -0,09 -0,03 0,09 0,1 -0,03 0,00 18 16

3-8 - - - - - - 0,23 0,00 19 12

4-10 0,27 0 0,29 0,3 0,39 0,38 0,31 0,00 22 11

5-10 0,75 0,76 0,74 0,9 0,81 0,82 0,79 0,00 24 11

4-11 0,09 -0,06 0,04 0,18 -0,2 -0,18 0 0,00 24 12

5-11 -0,11 -0,05 -0,1 0,11 0,44 0,44 0,04 0,00 20 17
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Table B.9 – Continued from previous page

Ref. B1 B2 B3 B4 B5 B6 Time Ach. BDS CBT

9-11 0,12 0,04 -0,15 -0,11 0,06 0,03 0,03 0,00 16 12

10-11 0,1 -0,14 0 0,03 -0,06 -0,05 -0,01 0,00 13 17

13-11 - - - - - - -0,05 0,00 17 12

3-14 0,47 0,07 0,06 0,21 0,09 0,29 0,16 0,00 22 15

4-14 -0,19 0,1 0,15 0,31 0,32 0,35 0,2 0,00 17 15

5-14 0,05 0,1 0,27 0,36 0,36 0,34 0,2 0,00 24 13

9-14 -0,02 0,05 -0,14 0,24 -0,1 -0,11 0,08 0,00 21 17

10-14 - - - - - - 0,17 0,00 21 16

3-15 0,18 0,41 0,23 0,41 0,04 0,05 0,19 0,00 19 12

4-15 0,33 0,06 0,02 0,09 0,32 0,33 0,21 0,00 23 15

5-15 0,25 0,01 -0,04 -0,15 0,11 0,1 0,02 0,00 20 13

9-15 0,71 0,9 0,69 0,85 0,81 0,82 0,81 0,00 22 14

10-15 0,73 0,71 0,83 0,83 0,82 0,79 0,45 0,00 19 12

14-15 0,08 0,13 0,08 0,15 0,15 0,18 0,09 0,00 23 12

1-16 - - - - - - 0,04 0,00 20 17

3-16 - - - - - - -0,09 0,00 23 11

4-16 0,07 0,05 0,55 0,56 0,68 0,67 0,43 0,00 17 18

3-17 0,04 -0,17 0,07 0,17 -0,05 -0,1 0 0,00 20 18

4-17 -0,1 0,18 -0,07 -0,04 0,06 -0,03 0,04 0,00 16 16

5-17 -0,1 -0,19 0,14 0,04 0,04 0,04 -0,02 0,00 29 19

9-17 -0,02 -0,03 -0,42 -0,01 0,09 0,08 -0,13 0,00 20 11

10-17 0,08 -0,02 -0,07 0,36 0,33 0,35 0,08 0,00 26 18

3-19 0,39 0,53 0,53 0,3 0,64 0,68 0,51 0,00 19 17

4-19 -0,1 0,18 -0,07 -0,04 0,06 -0,03 0,04 0,00 16 8

5-19 0,11 0,01 0,09 0,04 0,23 0,25 0,06 0,00 14 14

9-19 0,08 -0,08 -0,02 -0,23 -0,2 -0,2 -0,07 0,00 22 16

10-19 0,13 0,05 0,18 -0,08 -0,09 -0,1 0,06 0,00 23 12
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