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Preface

Don’t You Know the Statistics? Don’t be Afraid and Enter

In science we try to build up a picture of the world. With the advancement of science,
certainty has been isolated day by day and dark clouds have cast doubt on its beauty
and radiance, and the certainty of Holy Grails turned upside down. Scientists have
worked hard to push certainty out of the heart of mathematics. This effort was not
very successful, and the advancement of science did not only increase human
knowledge of phenomena but also expanded our knowledge of the limitations of
scientific knowledge.

It shook the body of certain scientific principles, and the use of most of the tools
of world representation have been shown to be problematic.
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X Preface

Until the twentieth century, science dealt with the certainty of Aristotelian logic.
Now there was a world in which something could be both A and Not-A. Thus the
death knell rang for the dominant 2000-year-old Aristotelian thought and instead of a
comprehensive description of the world by drawing fixed and unique maps whose
lines were in harmony with the day-to-day world, science made a set of maps, maps
that were different but which gave a flexible understanding of the world.

Science is emerging in the postmodern world where scientific reading is not a
fixed machine, rather it is creative and dynamic and readers create meaning in their
minds based on thoughtful or lived experiences. Therefore, an author is no longer the
final reference and refuge of the work or the only true creator. The reader does not
suffer in passive silence in the ruthless wave of information, rather he is the one who
gives life to the text. The data is silent and vague, and the mind of the reader ignites
and speaks to them. In this new scientific worldview, we are not neutral observers of
phenomena, which is neither possible nor desirable, but have become participants in
the world.

Bohr, one of the great thinkers of quantum physics, believes that measurement
questions the world and that question changes the answers. So what we are seeing
are not phenomena, but, as Heinberg puts it, the genius of physics. What we see is
not reality, but reality that is intertwined with the method of studying it. So we can
say that what we see is the product of the science of measurement. In other words,
the process of recognizing a phenomenon causes it to occur, but to what extent? We
do not know. With this view, certainty is slowly receding from the world of science,
and uncertainty is rising above thought. Psychological scientists, who are skilled in
crossing the boundaries of science and brain activity, are not spared from this
dramatic change. They found inadequate behavior and adopted a qualitative meth-
odology for trapping elusive, dynamic, and meaningful phenomena. As we get
closer to reality, precision decreases and vice versa.

Although a group with flexibility and scientific breadth combined these two
methodologies, this hybrid was not inherited certainty at all, and this method gave
rise to inherent uncertainty of the phenomena, and the struggle between precision
and reality continued.

David Appelbaum has written a beautiful book called The Stop, in which he made
a subtle statement which we express here. In this book, he compares the speed of
seeing and examining things as experienced by a blind person by touch. Although
the blind person cannot see, he says that this not-seeing also has its advantages,
because the blind person sees things that a seeing person does not because he moves
cautiously and slowly and, as a result, he finds his way through obstacles with a
different touch and method and gains a new understanding. Perception is a trace of a
hidden meaning; a perception often deepens, albeit slowly. So it can be said that
although fast methods of understanding have their advantages, standing and looking
calmly and evolving perception is also important. More attention should be paid to
the development of a new methodology and extension of the current one. Therefore,
it is hoped that mind researchers, psychologists, and all those with a research mindset
will use multifaceted methods.



Preface Xi

Behavioral scientists therefore have a reliable basis for relying and looking at
psychological phenomena to be able to grasp the pearl of truth, but there is doubt
about the nature of truth. The transition from classical (nineteenth century) certainty
to the uncertainty of the present century was necessary as understanding evolved.
This transition was not straightforward but enabled us to get nearer to the truth.

Developing theories in quantitative and qualitative research is the main purpose
of this book.

We know that researchers’ inference involves probability and uncertainty, so we
talk about decay of the Holy Grail of perceived truths. It should be said that
probability is an uncertainty about the existence or non-existence of phenomena,
while what is examined in this book is a representation of another type of uncer-
tainty, that is, the degree of certainty about existence or non-existence of phenomena
rather than naively assuming a phenomenon’s non-existence.

Most of us, however, have the same uncertainty in terms of the likelihood of the
results obtained by doing research in psychology. We are aware of research findings
but do not always believe that its results present a true understanding of psycholog-
ical problems. However, the goal is not to reduce their value in any way. Because
uncertainty is everywhere!!

Inference was created to model human thought, in order to obtain more dynamic
and consistent findings with reality by using approximate and fuzzy reasoning.

The science of psychology is full of linguistic variables that require an approx-
imate, indefinite, and obscure method of their own kind so that we do not fall into
imitation models in studying the psychological phenomena of these multi-faceted
concepts. These multi-faceted concepts may be interpreted and examined in different
ways which is fine. What is annoying, however, is the dominance of a particular
method or a particular way of thinking and its application to the inference of data in
research.

In this book, we have considered the methodology of approximate inference in
psychological research from a theoretical and practical perspective. Quantitative
variable-oriented methodology and qualitative case-oriented methods are both
used to explain the set-oriented methodology which we call fuzzy psychology. As
stated in the opening sentence of the book, it does not matter if you do not know
much about mathematics or statistics, because statistical and mathematical intuitions
are key here and they will be learned through practice. What is important is to
understand the method and its application to new, dynamic, and elusive phenomena.

Finally, your comments on this book are very welcome, so please do not hesitate
to share them with us.

In the end, remember Montagne’s short but deep saying “What do we know?”
The human world is indeed full of uncertainty, whose beauty we have not been able
to define and explain.



Acknowledgments

We would like to thank the team at Springer Nature for their support in bringing this
book to fruition. Our thanks go to Megan McManus for supporting our ideas at the
outset and suggesting further topics to explore, Pradheepa Vijay for reviewing the
content and her important comments about the layout of the book, Tessy Priya for
her encouragement and help with final editing of the proofs and Brian Halm for co-
ordinating and explaining the publishing procedures to us.

xiii



Contents

1 InSearchofaMethod............... ... ... .. ... . ......

1.1 ~ What Is Artificial Psychology?..........................

1.2 InSearchofaMethod........... .. ... ... ... ... ....

1.3 Fromp-valuetop-war. ... ........ ...
1.3.1  p-value as Evidence to Confirm or Unconfirm a Null

Hypothesis. .. ....... ... ... .

1.3.2  Reverse Interpretation of the p-value. . ... ..........

2 Artificial Psychology . . . . ... ... ... ... . ...

2.1 Attificial Psychology . .............. ... ... L.

2.2 Why Artificial Psychology?. ... ....... .. ... .. ........

2.3 Artificial Psychology in Practice.. . . ............ ... ... ...

2.4  Interpretability and Explainability in a Knowledge-Based

Approach. . ... ...

2.5  Achilles’ Heel in Psychology . .. ............ ... ... .. ...

3 Fuzzy Set Theory and Psychology. . ... ......................

3.1  Fuzzy Set Theory and Psychology: Theoretical View . . . ... ...

32 The Gray Worldof Mind . . .. ......... ... . ..........

3.3 The Fuzzy Logic Under Psychological View. .. ............

34  Why Fuzzy Logic Theory?. . ..... ... ... . ... . . ...

3.5 WhatlIsthe Fuzzy Map?. . ......... ... . ... . oo,

3.6  Fuzzy Modelling of Psychological Systems. . . .............

3.7 Propertiesof Fuzzy Sets. . . .......... ... ... ... ... ...

3.8  Types of Fuzzy Sets (Membership Functions). . .............

39 Practical Example Using R. .. ......... .. ... .. ......

3.10 Fuzzy Set CompoSition . . . . ......oi vt

3.10.1 Practical Example UsingR. ... ..................

3.11 Mamdani Fuzzy Inference System. ... ...................

3.11.1 Mamdani Fuzzy System Steps. ...................

3.11.2 Practical Example Using R. . ....................

DN ==

— O O N


https://doi.org/10.1007/978-3-031-31172-7_1
https://doi.org/10.1007/978-3-031-31172-7_1
https://doi.org/10.1007/978-3-031-31172-7_1
https://doi.org/10.1007/978-3-031-31172-7_1#Sec1
https://doi.org/10.1007/978-3-031-31172-7_1#Sec1
https://doi.org/10.1007/978-3-031-31172-7_1#Sec1
https://doi.org/10.1007/978-3-031-31172-7_1#Sec2
https://doi.org/10.1007/978-3-031-31172-7_1#Sec2
https://doi.org/10.1007/978-3-031-31172-7_1#Sec2
https://doi.org/10.1007/978-3-031-31172-7_1#Sec3
https://doi.org/10.1007/978-3-031-31172-7_1#Sec3
https://doi.org/10.1007/978-3-031-31172-7_1#Sec3
https://doi.org/10.1007/978-3-031-31172-7_1#Sec4
https://doi.org/10.1007/978-3-031-31172-7_1#Sec4
https://doi.org/10.1007/978-3-031-31172-7_1#Sec4
https://doi.org/10.1007/978-3-031-31172-7_1#Sec4
https://doi.org/10.1007/978-3-031-31172-7_1#Sec5
https://doi.org/10.1007/978-3-031-31172-7_1#Sec5
https://doi.org/10.1007/978-3-031-31172-7_1#Sec5
https://doi.org/10.1007/978-3-031-31172-7_2
https://doi.org/10.1007/978-3-031-31172-7_2
https://doi.org/10.1007/978-3-031-31172-7_2
https://doi.org/10.1007/978-3-031-31172-7_2#Sec1
https://doi.org/10.1007/978-3-031-31172-7_2#Sec1
https://doi.org/10.1007/978-3-031-31172-7_2#Sec1
https://doi.org/10.1007/978-3-031-31172-7_2#Sec2
https://doi.org/10.1007/978-3-031-31172-7_2#Sec2
https://doi.org/10.1007/978-3-031-31172-7_2#Sec2
https://doi.org/10.1007/978-3-031-31172-7_2#Sec3
https://doi.org/10.1007/978-3-031-31172-7_2#Sec3
https://doi.org/10.1007/978-3-031-31172-7_2#Sec3
https://doi.org/10.1007/978-3-031-31172-7_2#Sec4
https://doi.org/10.1007/978-3-031-31172-7_2#Sec4
https://doi.org/10.1007/978-3-031-31172-7_2#Sec4
https://doi.org/10.1007/978-3-031-31172-7_2#Sec4
https://doi.org/10.1007/978-3-031-31172-7_2#Sec5
https://doi.org/10.1007/978-3-031-31172-7_2#Sec5
https://doi.org/10.1007/978-3-031-31172-7_2#Sec5
https://doi.org/10.1007/978-3-031-31172-7_3
https://doi.org/10.1007/978-3-031-31172-7_3
https://doi.org/10.1007/978-3-031-31172-7_3
https://doi.org/10.1007/978-3-031-31172-7_3#Sec1
https://doi.org/10.1007/978-3-031-31172-7_3#Sec1
https://doi.org/10.1007/978-3-031-31172-7_3#Sec1
https://doi.org/10.1007/978-3-031-31172-7_3#Sec2
https://doi.org/10.1007/978-3-031-31172-7_3#Sec2
https://doi.org/10.1007/978-3-031-31172-7_3#Sec2
https://doi.org/10.1007/978-3-031-31172-7_3#Sec3
https://doi.org/10.1007/978-3-031-31172-7_3#Sec3
https://doi.org/10.1007/978-3-031-31172-7_3#Sec3
https://doi.org/10.1007/978-3-031-31172-7_3#Sec4
https://doi.org/10.1007/978-3-031-31172-7_3#Sec4
https://doi.org/10.1007/978-3-031-31172-7_3#Sec4
https://doi.org/10.1007/978-3-031-31172-7_3#Sec5
https://doi.org/10.1007/978-3-031-31172-7_3#Sec5
https://doi.org/10.1007/978-3-031-31172-7_3#Sec5
https://doi.org/10.1007/978-3-031-31172-7_3#Sec6
https://doi.org/10.1007/978-3-031-31172-7_3#Sec6
https://doi.org/10.1007/978-3-031-31172-7_3#Sec6
https://doi.org/10.1007/978-3-031-31172-7_3#Sec7
https://doi.org/10.1007/978-3-031-31172-7_3#Sec7
https://doi.org/10.1007/978-3-031-31172-7_3#Sec7
https://doi.org/10.1007/978-3-031-31172-7_3#Sec8
https://doi.org/10.1007/978-3-031-31172-7_3#Sec8
https://doi.org/10.1007/978-3-031-31172-7_3#Sec8
https://doi.org/10.1007/978-3-031-31172-7_3#Sec9
https://doi.org/10.1007/978-3-031-31172-7_3#Sec9
https://doi.org/10.1007/978-3-031-31172-7_3#Sec9
https://doi.org/10.1007/978-3-031-31172-7_3#Sec10
https://doi.org/10.1007/978-3-031-31172-7_3#Sec10
https://doi.org/10.1007/978-3-031-31172-7_3#Sec10
https://doi.org/10.1007/978-3-031-31172-7_3#Sec11
https://doi.org/10.1007/978-3-031-31172-7_3#Sec11
https://doi.org/10.1007/978-3-031-31172-7_3#Sec11
https://doi.org/10.1007/978-3-031-31172-7_3#Sec12
https://doi.org/10.1007/978-3-031-31172-7_3#Sec12
https://doi.org/10.1007/978-3-031-31172-7_3#Sec12
https://doi.org/10.1007/978-3-031-31172-7_3#Sec13
https://doi.org/10.1007/978-3-031-31172-7_3#Sec13
https://doi.org/10.1007/978-3-031-31172-7_3#Sec13
https://doi.org/10.1007/978-3-031-31172-7_3#Sec14
https://doi.org/10.1007/978-3-031-31172-7_3#Sec14
https://doi.org/10.1007/978-3-031-31172-7_3#Sec14

XVi Contents
3.12 Toward Fuzzy Rule Mining . . . . ........................ 66
3.12.1 Adaptive Network-Based Fuzzy Inference System
(ANFIS) . . . . 68
3.12.2  Genetic Cooperative-Competitive Learning
(GCCL) . oo 75
3.12.3 Structural Learning Algorithm on Indefinite Environment
(SLAVE) . .. 77
4 Fuzzy Cognitive Maps. . .. ........... ... ... ... ... .. . ... ... 81
4.1  Fuzzy Modeling of Human Knowledge: Toward Fuzzy Cognitive
Maps in Psychology . . .. ... . 81
4.2 Modeling Based on Psychological Knowledge . . . ........... 83
43  Optimizationin FCMs. . ....... ... ... ... ... .. 90
4.4  Scenario Analysisin FCMs. . . ...... ... .. ... ... .... 92
4.4.1  Practical Example UsingR................... ... 92
5 Network Analysisin AP. . ......... ... ... ... . ... .. ... ... 99
5.1  Network Analysisin AP....... ... . ... ... . ... ...... 99
5.2 Structural Analysis of Psychological Network . . .. ........... 101
5.3  Stepsin Network Analysis............................. 103
5.4  Descriptive Statistics of Networks . . . . ................... 104
5.5 Network AcCuracy . ... ... .....ooiiunnneenn... 106
5.6 Accuracy of Centrality Indices. . . ....................... 107
5.7  Network Science in Psychology ... ...................... 107
5.8  Network Science in Cognitive Psychology
and NeurosCience . . . ... ..o vt n e 108
5.8.1 Complex System. . ..........c.iiiii. .. 108
5.8.2  The Brain as a Complex System. . ................ 108
5.83 BrainConnectome. . ................uuuuinn.... 110
5.8.4  Various Scales for Network Analysis
oftheBrain.......... ... ... .. ... . ... . ... 111
5.8.5 Networksinthe Brain......................... 112
5.8.6  Definition of a Brain Graph. . .. ................. 115
5.8.7  Brain Network Identification and Analysis in Graph. ... 118
5.8.8  The Brain’s Important Networks . . .. .............. 119
5.8.9  Applications of Graph in Cognitive and Behavioral
SCIENCE . . . oot 121
5.8.10 Machine Learning in Analysis of Resting-State fMRI
Rs-fMRD Data. ............................. 123
5.9  Designing Conceptual Networks. . .. .................... 125
5.10 Sample Size in Network Analysis. . ..................... 126
5.11 Moderated Psychological Network Analysis. ............... 127

5.11.1 Practical Example Using R. .. ................... 127


https://doi.org/10.1007/978-3-031-31172-7_3#Sec15
https://doi.org/10.1007/978-3-031-31172-7_3#Sec15
https://doi.org/10.1007/978-3-031-31172-7_3#Sec15
https://doi.org/10.1007/978-3-031-31172-7_3#Sec16
https://doi.org/10.1007/978-3-031-31172-7_3#Sec16
https://doi.org/10.1007/978-3-031-31172-7_3#Sec16
https://doi.org/10.1007/978-3-031-31172-7_3#Sec16
https://doi.org/10.1007/978-3-031-31172-7_3#Sec18
https://doi.org/10.1007/978-3-031-31172-7_3#Sec18
https://doi.org/10.1007/978-3-031-31172-7_3#Sec18
https://doi.org/10.1007/978-3-031-31172-7_3#Sec18
https://doi.org/10.1007/978-3-031-31172-7_3#Sec20
https://doi.org/10.1007/978-3-031-31172-7_3#Sec20
https://doi.org/10.1007/978-3-031-31172-7_3#Sec20
https://doi.org/10.1007/978-3-031-31172-7_3#Sec20
https://doi.org/10.1007/978-3-031-31172-7_4
https://doi.org/10.1007/978-3-031-31172-7_4
https://doi.org/10.1007/978-3-031-31172-7_4
https://doi.org/10.1007/978-3-031-31172-7_4#Sec1
https://doi.org/10.1007/978-3-031-31172-7_4#Sec1
https://doi.org/10.1007/978-3-031-31172-7_4#Sec1
https://doi.org/10.1007/978-3-031-31172-7_4#Sec1
https://doi.org/10.1007/978-3-031-31172-7_4#Sec2
https://doi.org/10.1007/978-3-031-31172-7_4#Sec2
https://doi.org/10.1007/978-3-031-31172-7_4#Sec2
https://doi.org/10.1007/978-3-031-31172-7_4#Sec3
https://doi.org/10.1007/978-3-031-31172-7_4#Sec3
https://doi.org/10.1007/978-3-031-31172-7_4#Sec3
https://doi.org/10.1007/978-3-031-31172-7_4#Sec4
https://doi.org/10.1007/978-3-031-31172-7_4#Sec4
https://doi.org/10.1007/978-3-031-31172-7_4#Sec4
https://doi.org/10.1007/978-3-031-31172-7_4#Sec5
https://doi.org/10.1007/978-3-031-31172-7_4#Sec5
https://doi.org/10.1007/978-3-031-31172-7_4#Sec5
https://doi.org/10.1007/978-3-031-31172-7_5
https://doi.org/10.1007/978-3-031-31172-7_5
https://doi.org/10.1007/978-3-031-31172-7_5
https://doi.org/10.1007/978-3-031-31172-7_5#Sec1
https://doi.org/10.1007/978-3-031-31172-7_5#Sec1
https://doi.org/10.1007/978-3-031-31172-7_5#Sec1
https://doi.org/10.1007/978-3-031-31172-7_5#Sec2
https://doi.org/10.1007/978-3-031-31172-7_5#Sec2
https://doi.org/10.1007/978-3-031-31172-7_5#Sec2
https://doi.org/10.1007/978-3-031-31172-7_5#Sec3
https://doi.org/10.1007/978-3-031-31172-7_5#Sec3
https://doi.org/10.1007/978-3-031-31172-7_5#Sec3
https://doi.org/10.1007/978-3-031-31172-7_5#Sec4
https://doi.org/10.1007/978-3-031-31172-7_5#Sec4
https://doi.org/10.1007/978-3-031-31172-7_5#Sec4
https://doi.org/10.1007/978-3-031-31172-7_5#Sec5
https://doi.org/10.1007/978-3-031-31172-7_5#Sec5
https://doi.org/10.1007/978-3-031-31172-7_5#Sec5
https://doi.org/10.1007/978-3-031-31172-7_5#Sec6
https://doi.org/10.1007/978-3-031-31172-7_5#Sec6
https://doi.org/10.1007/978-3-031-31172-7_5#Sec6
https://doi.org/10.1007/978-3-031-31172-7_5#Sec7
https://doi.org/10.1007/978-3-031-31172-7_5#Sec7
https://doi.org/10.1007/978-3-031-31172-7_5#Sec7
https://doi.org/10.1007/978-3-031-31172-7_5#Sec8
https://doi.org/10.1007/978-3-031-31172-7_5#Sec8
https://doi.org/10.1007/978-3-031-31172-7_5#Sec8
https://doi.org/10.1007/978-3-031-31172-7_5#Sec8
https://doi.org/10.1007/978-3-031-31172-7_5#Sec9
https://doi.org/10.1007/978-3-031-31172-7_5#Sec9
https://doi.org/10.1007/978-3-031-31172-7_5#Sec9
https://doi.org/10.1007/978-3-031-31172-7_5#Sec10
https://doi.org/10.1007/978-3-031-31172-7_5#Sec10
https://doi.org/10.1007/978-3-031-31172-7_5#Sec10
https://doi.org/10.1007/978-3-031-31172-7_5#Sec11
https://doi.org/10.1007/978-3-031-31172-7_5#Sec11
https://doi.org/10.1007/978-3-031-31172-7_5#Sec11
https://doi.org/10.1007/978-3-031-31172-7_5#Sec12
https://doi.org/10.1007/978-3-031-31172-7_5#Sec12
https://doi.org/10.1007/978-3-031-31172-7_5#Sec12
https://doi.org/10.1007/978-3-031-31172-7_5#Sec12
https://doi.org/10.1007/978-3-031-31172-7_5#Sec13
https://doi.org/10.1007/978-3-031-31172-7_5#Sec13
https://doi.org/10.1007/978-3-031-31172-7_5#Sec13
https://doi.org/10.1007/978-3-031-31172-7_5#Sec17
https://doi.org/10.1007/978-3-031-31172-7_5#Sec17
https://doi.org/10.1007/978-3-031-31172-7_5#Sec17
https://doi.org/10.1007/978-3-031-31172-7_5#Sec19
https://doi.org/10.1007/978-3-031-31172-7_5#Sec19
https://doi.org/10.1007/978-3-031-31172-7_5#Sec19
https://doi.org/10.1007/978-3-031-31172-7_5#Sec20
https://doi.org/10.1007/978-3-031-31172-7_5#Sec20
https://doi.org/10.1007/978-3-031-31172-7_5#Sec20
https://doi.org/10.1007/978-3-031-31172-7_5#Sec28
https://doi.org/10.1007/978-3-031-31172-7_5#Sec28
https://doi.org/10.1007/978-3-031-31172-7_5#Sec28
https://doi.org/10.1007/978-3-031-31172-7_5#Sec28
https://doi.org/10.1007/978-3-031-31172-7_5#Sec29
https://doi.org/10.1007/978-3-031-31172-7_5#Sec29
https://doi.org/10.1007/978-3-031-31172-7_5#Sec29
https://doi.org/10.1007/978-3-031-31172-7_5#Sec29
https://doi.org/10.1007/978-3-031-31172-7_5#Sec30
https://doi.org/10.1007/978-3-031-31172-7_5#Sec30
https://doi.org/10.1007/978-3-031-31172-7_5#Sec30
https://doi.org/10.1007/978-3-031-31172-7_5#Sec31
https://doi.org/10.1007/978-3-031-31172-7_5#Sec31
https://doi.org/10.1007/978-3-031-31172-7_5#Sec31
https://doi.org/10.1007/978-3-031-31172-7_5#Sec32
https://doi.org/10.1007/978-3-031-31172-7_5#Sec32
https://doi.org/10.1007/978-3-031-31172-7_5#Sec32
https://doi.org/10.1007/978-3-031-31172-7_5#Sec33
https://doi.org/10.1007/978-3-031-31172-7_5#Sec33
https://doi.org/10.1007/978-3-031-31172-7_5#Sec33

Contents Xvii
6 Deep Neural Network. . ......... ... .. ... ... . ... ......... 145
6.1  Deep Neural Network (DNN). . . ....................... 145
6.2 Neural Network. ... ...... ... . .. ... .. 146
6.3 NEUION . . ..ottt e e 146
6.4  Artificial Neural Network (ANN) . .. ..................... 149
6.5 Typesof Training......... ... ...t 154
6.6  Usage of Neural Network . . . ...... ... ... ... ... ..... 155
6.7  The Artificial Neural Network Structure . . .. ............... 156
6.8  Modeling an Artificial Neural Network . . . ................. 158
6.8.1  Classical Optimization Methods . . .. .............. 159
6.8.2  Intelligent Optimization Methods . . . .. ... ......... 160
6.9  Types of Data in Machine Learning Algorithms. . ... ........ 160
6.10 BasicConcepts. ................. .. .. 161
6.11 Types of Artificial Neural Networks . . .. .................. 164
6.12 Comparing Multilayer Neural Network with Regression. . . . . . . 165
6.12.1 Practical Example Using R. . .................... 167
6.13 Hyper-Parameter Tuning. . . . ........ ... ... . 172
6.14 Evaluation of DNNs. .. ... ... . . i 173
6.15 Interpretability and Explainability in DNNs. . ... ........... 175
6.16 Difference between LIME and SHAP. . . .................. 178
6.16.1 Practical Example Using R. . .................... 178
7 Feature Selectionin AP . ....... ... ... .. ... ... .. ... . .. ... 187
7.1  Feature Selection Problem . . . ............ ... ... ....... 187
7.2 Feature Categorization. . . .. ...............uuueeonn... 188
7.3 General Procedure of Feature Selection. .. ................ 188
7.4  Feature Selection Methods . . . ........... ... ... ... ..... 190
7.4.1  Practical Example UsingR................... ... 191
7.5  Metaheuristic Algorithms. .. ........ ... ... ... ........ 194
7.6 An Introduction to the Genetic Algorithm. . . ............... 196
7.7  Basics of the Genetic Algorithm. . .. .............. ... ... 197
7.8  The Initial Design of the Genetic Algorithm. .. ............. 198
7.9  Feature Selection Using the Genetic Algorithm. . .. .......... 199
7.10 The Genetic Algorithm’s Application in Artificial
Psychology . .. ... 201
7.10.1 Practical Example UsingR. . .............. ... ... 202
7.11 The Genetic Algorithm’s Application in Neural
Network Sciences. . . .......... i i 203
8 Bayesian Inference and Modelsin AP . . .............. ... .. .. 207
8.1  Bayesian Inference and Models in Artificial Psychology. . . . . .. 207
8.2  Bayesian Statisticsina Nutshell . . . .......... ... ... ... ... 208
83 ACritiqueonthe Useof p-value. ... .................... 210
8.3.1  Significance or Existence of a Network . . . .......... 213

8.3.2  Practical Example UsingR...................... 213


https://doi.org/10.1007/978-3-031-31172-7_6
https://doi.org/10.1007/978-3-031-31172-7_6
https://doi.org/10.1007/978-3-031-31172-7_6
https://doi.org/10.1007/978-3-031-31172-7_6#Sec1
https://doi.org/10.1007/978-3-031-31172-7_6#Sec1
https://doi.org/10.1007/978-3-031-31172-7_6#Sec1
https://doi.org/10.1007/978-3-031-31172-7_6#Sec2
https://doi.org/10.1007/978-3-031-31172-7_6#Sec2
https://doi.org/10.1007/978-3-031-31172-7_6#Sec2
https://doi.org/10.1007/978-3-031-31172-7_6#Sec3
https://doi.org/10.1007/978-3-031-31172-7_6#Sec3
https://doi.org/10.1007/978-3-031-31172-7_6#Sec3
https://doi.org/10.1007/978-3-031-31172-7_6#Sec4
https://doi.org/10.1007/978-3-031-31172-7_6#Sec4
https://doi.org/10.1007/978-3-031-31172-7_6#Sec4
https://doi.org/10.1007/978-3-031-31172-7_6#Sec5
https://doi.org/10.1007/978-3-031-31172-7_6#Sec5
https://doi.org/10.1007/978-3-031-31172-7_6#Sec5
https://doi.org/10.1007/978-3-031-31172-7_6#Sec6
https://doi.org/10.1007/978-3-031-31172-7_6#Sec6
https://doi.org/10.1007/978-3-031-31172-7_6#Sec6
https://doi.org/10.1007/978-3-031-31172-7_6#Sec7
https://doi.org/10.1007/978-3-031-31172-7_6#Sec7
https://doi.org/10.1007/978-3-031-31172-7_6#Sec7
https://doi.org/10.1007/978-3-031-31172-7_6#Sec8
https://doi.org/10.1007/978-3-031-31172-7_6#Sec8
https://doi.org/10.1007/978-3-031-31172-7_6#Sec8
https://doi.org/10.1007/978-3-031-31172-7_6#Sec9
https://doi.org/10.1007/978-3-031-31172-7_6#Sec9
https://doi.org/10.1007/978-3-031-31172-7_6#Sec9
https://doi.org/10.1007/978-3-031-31172-7_6#Sec10
https://doi.org/10.1007/978-3-031-31172-7_6#Sec10
https://doi.org/10.1007/978-3-031-31172-7_6#Sec10
https://doi.org/10.1007/978-3-031-31172-7_6#Sec11
https://doi.org/10.1007/978-3-031-31172-7_6#Sec11
https://doi.org/10.1007/978-3-031-31172-7_6#Sec11
https://doi.org/10.1007/978-3-031-31172-7_6#Sec12
https://doi.org/10.1007/978-3-031-31172-7_6#Sec12
https://doi.org/10.1007/978-3-031-31172-7_6#Sec12
https://doi.org/10.1007/978-3-031-31172-7_6#Sec13
https://doi.org/10.1007/978-3-031-31172-7_6#Sec13
https://doi.org/10.1007/978-3-031-31172-7_6#Sec13
https://doi.org/10.1007/978-3-031-31172-7_6#Sec14
https://doi.org/10.1007/978-3-031-31172-7_6#Sec14
https://doi.org/10.1007/978-3-031-31172-7_6#Sec14
https://doi.org/10.1007/978-3-031-31172-7_6#Sec15
https://doi.org/10.1007/978-3-031-31172-7_6#Sec15
https://doi.org/10.1007/978-3-031-31172-7_6#Sec15
https://doi.org/10.1007/978-3-031-31172-7_6#Sec16
https://doi.org/10.1007/978-3-031-31172-7_6#Sec16
https://doi.org/10.1007/978-3-031-31172-7_6#Sec16
https://doi.org/10.1007/978-3-031-31172-7_6#Sec17
https://doi.org/10.1007/978-3-031-31172-7_6#Sec17
https://doi.org/10.1007/978-3-031-31172-7_6#Sec17
https://doi.org/10.1007/978-3-031-31172-7_6#Sec18
https://doi.org/10.1007/978-3-031-31172-7_6#Sec18
https://doi.org/10.1007/978-3-031-31172-7_6#Sec18
https://doi.org/10.1007/978-3-031-31172-7_6#Sec19
https://doi.org/10.1007/978-3-031-31172-7_6#Sec19
https://doi.org/10.1007/978-3-031-31172-7_6#Sec19
https://doi.org/10.1007/978-3-031-31172-7_6#Sec20
https://doi.org/10.1007/978-3-031-31172-7_6#Sec20
https://doi.org/10.1007/978-3-031-31172-7_6#Sec20
https://doi.org/10.1007/978-3-031-31172-7_7
https://doi.org/10.1007/978-3-031-31172-7_7
https://doi.org/10.1007/978-3-031-31172-7_7
https://doi.org/10.1007/978-3-031-31172-7_7#Sec1
https://doi.org/10.1007/978-3-031-31172-7_7#Sec1
https://doi.org/10.1007/978-3-031-31172-7_7#Sec1
https://doi.org/10.1007/978-3-031-31172-7_7#Sec2
https://doi.org/10.1007/978-3-031-31172-7_7#Sec2
https://doi.org/10.1007/978-3-031-31172-7_7#Sec2
https://doi.org/10.1007/978-3-031-31172-7_7#Sec3
https://doi.org/10.1007/978-3-031-31172-7_7#Sec3
https://doi.org/10.1007/978-3-031-31172-7_7#Sec3
https://doi.org/10.1007/978-3-031-31172-7_7#Sec4
https://doi.org/10.1007/978-3-031-31172-7_7#Sec4
https://doi.org/10.1007/978-3-031-31172-7_7#Sec4
https://doi.org/10.1007/978-3-031-31172-7_7#Sec5
https://doi.org/10.1007/978-3-031-31172-7_7#Sec5
https://doi.org/10.1007/978-3-031-31172-7_7#Sec5
https://doi.org/10.1007/978-3-031-31172-7_7#Sec6
https://doi.org/10.1007/978-3-031-31172-7_7#Sec6
https://doi.org/10.1007/978-3-031-31172-7_7#Sec6
https://doi.org/10.1007/978-3-031-31172-7_7#Sec7
https://doi.org/10.1007/978-3-031-31172-7_7#Sec7
https://doi.org/10.1007/978-3-031-31172-7_7#Sec7
https://doi.org/10.1007/978-3-031-31172-7_7#Sec8
https://doi.org/10.1007/978-3-031-31172-7_7#Sec8
https://doi.org/10.1007/978-3-031-31172-7_7#Sec8
https://doi.org/10.1007/978-3-031-31172-7_7#Sec9
https://doi.org/10.1007/978-3-031-31172-7_7#Sec9
https://doi.org/10.1007/978-3-031-31172-7_7#Sec9
https://doi.org/10.1007/978-3-031-31172-7_7#Sec10
https://doi.org/10.1007/978-3-031-31172-7_7#Sec10
https://doi.org/10.1007/978-3-031-31172-7_7#Sec10
https://doi.org/10.1007/978-3-031-31172-7_7#Sec11
https://doi.org/10.1007/978-3-031-31172-7_7#Sec11
https://doi.org/10.1007/978-3-031-31172-7_7#Sec11
https://doi.org/10.1007/978-3-031-31172-7_7#Sec11
https://doi.org/10.1007/978-3-031-31172-7_7#Sec12
https://doi.org/10.1007/978-3-031-31172-7_7#Sec12
https://doi.org/10.1007/978-3-031-31172-7_7#Sec12
https://doi.org/10.1007/978-3-031-31172-7_7#Sec13
https://doi.org/10.1007/978-3-031-31172-7_7#Sec13
https://doi.org/10.1007/978-3-031-31172-7_7#Sec13
https://doi.org/10.1007/978-3-031-31172-7_7#Sec13
https://doi.org/10.1007/978-3-031-31172-7_8
https://doi.org/10.1007/978-3-031-31172-7_8
https://doi.org/10.1007/978-3-031-31172-7_8
https://doi.org/10.1007/978-3-031-31172-7_8#Sec1
https://doi.org/10.1007/978-3-031-31172-7_8#Sec1
https://doi.org/10.1007/978-3-031-31172-7_8#Sec1
https://doi.org/10.1007/978-3-031-31172-7_8#Sec2
https://doi.org/10.1007/978-3-031-31172-7_8#Sec2
https://doi.org/10.1007/978-3-031-31172-7_8#Sec2
https://doi.org/10.1007/978-3-031-31172-7_8#Sec3
https://doi.org/10.1007/978-3-031-31172-7_8#Sec3
https://doi.org/10.1007/978-3-031-31172-7_8#Sec3
https://doi.org/10.1007/978-3-031-31172-7_8#Sec4
https://doi.org/10.1007/978-3-031-31172-7_8#Sec4
https://doi.org/10.1007/978-3-031-31172-7_8#Sec4
https://doi.org/10.1007/978-3-031-31172-7_8#Sec5
https://doi.org/10.1007/978-3-031-31172-7_8#Sec5
https://doi.org/10.1007/978-3-031-31172-7_8#Sec5

Xviil Contents
8.4  Naive Bayes Classifier. . . ............................ 215

8.5 Cross-validation. .................... ... 217
8.5.1 A Practical Example UsingR.................... 218

8.6  Bayesian Binary Logistic Regression. .. .................. 220
8.6.1 A Practical Example Using R. . .................. 221

8.7  Bayesian Network Analysis. . ............. ... ....... 225
8.7.1 A Practical Example Using R. .. ................. 229

8.8  Bayesian Model Averaging . . .. .......... ... ........... 231
8.8.1  Practical Example UsingR. ..................... 233
References. . .. ... ... ... 237
Index. . . ... . 251


https://doi.org/10.1007/978-3-031-31172-7_8#Sec6
https://doi.org/10.1007/978-3-031-31172-7_8#Sec6
https://doi.org/10.1007/978-3-031-31172-7_8#Sec6
https://doi.org/10.1007/978-3-031-31172-7_8#Sec7
https://doi.org/10.1007/978-3-031-31172-7_8#Sec7
https://doi.org/10.1007/978-3-031-31172-7_8#Sec7
https://doi.org/10.1007/978-3-031-31172-7_8#Sec8
https://doi.org/10.1007/978-3-031-31172-7_8#Sec8
https://doi.org/10.1007/978-3-031-31172-7_8#Sec8
https://doi.org/10.1007/978-3-031-31172-7_8#Sec10
https://doi.org/10.1007/978-3-031-31172-7_8#Sec10
https://doi.org/10.1007/978-3-031-31172-7_8#Sec10
https://doi.org/10.1007/978-3-031-31172-7_8#Sec11
https://doi.org/10.1007/978-3-031-31172-7_8#Sec11
https://doi.org/10.1007/978-3-031-31172-7_8#Sec11
https://doi.org/10.1007/978-3-031-31172-7_8#Sec12
https://doi.org/10.1007/978-3-031-31172-7_8#Sec12
https://doi.org/10.1007/978-3-031-31172-7_8#Sec12
https://doi.org/10.1007/978-3-031-31172-7_8#Sec13
https://doi.org/10.1007/978-3-031-31172-7_8#Sec13
https://doi.org/10.1007/978-3-031-31172-7_8#Sec13
https://doi.org/10.1007/978-3-031-31172-7_8#Sec14
https://doi.org/10.1007/978-3-031-31172-7_8#Sec14
https://doi.org/10.1007/978-3-031-31172-7_8#Sec14
https://doi.org/10.1007/978-3-031-31172-7_8#Sec15
https://doi.org/10.1007/978-3-031-31172-7_8#Sec15
https://doi.org/10.1007/978-3-031-31172-7_8#Sec15

About the Authors

Hojjatollah Farahani was born on September 23, 1978, in Iran, and he is an
Assistant Professor at the Tarbiat Modares University (TMU). He received his Ph.
D. from Isfahan University in 2009, and he was a Postdoctoral Researcher in Fuzzy
inference at the Victoria University in Australia (2014-2015), where he started
working on Fuzzy Cognitive Maps (FCMs) under supervision of professor Yuan
Miao. He is the author or co-author of more than 150 research papers and a reviewer
in numerous scientific journals. He has supervised and advised many theses and
dissertations in psychological sciences. His research interests and directions include
psychometrics, advanced behavioral statistics, fuzzy psychology, artificial intelli-
gence, and machine learning algorithms in psychology.
Email: h.farahani@modares.ac.ir

Marija Blagojevié is an Associate Professor at the Faculty of Technical Sciences
Cagak, Department of Information technology, University of Kragujevac. Born in
1984, she obtained her M.Sc. degree in 2007 and Ph.D. degree in Technical Sciences
in 2014. Her current research interests include data mining, artificial neural net-
works, e-learning, and programming. With 15 years of experience in teaching and
research activities, she is the author or co-author of more than 80 research papers,
patents, and technical solutions and a reviewer in numerous scientific journals. She is
also a reviewer of projects and study programs and a member of partner universities
for Tempus and Erasmus projects. She was a member of the organizational and
scientific committees of several conferences and a member of the Commission for
self-evaluation at the faculty. She was project coordinator for one innovative project
in the domain of technology transfer.

Parviz Azadfallah has a Ph.D. in Health Psychology and became qualified in
several international academic courses in Neuropsychology and Psychodynamic
Psychotherapies. He started his scientific activity at the Psychology Department of
Tarbiat Modares University (TMU) in 1999. He conducted many research projects
and supervised 45 PhD theses and more than 50 Master dissertations from 1999 to

Xix



XX About the Authors

2023. He is the author or co-author of more than 250 research papers. He is also the
author of some books, and his last book, Embodied Ego, uses a developmental
approach to explain mind-body integration. He founded the Neuropsychology
Laboratory of TMU in 2017. He is also a member of the Cognitive Neuroscience
Department at TMU since 2019. Most of his research projects are based on exper-
imental designs. On the other hand, he conducted many projects with the aim of
knowledge construction through fundamental qualitative and culture-bound studies.

Peter Watson holds three degrees in Mathematical Statistics including a Ph.D.
(Manchester). He has been providing statistical support in various ways to the
research at CBSU, the Cognition and Brain Sciences Unit in Cambridge (and its
predecessor, the Applied Psychology Unit) since 1994 (and prior to that fulfilling a
similar role at the MRC Age and Cognitive Performance Research Centre in
Manchester). He is the co-author of over 100 papers and lectures at the University
of Cambridge. He is a statistical referee for several journals including BMJ Open and
the Journal of Affective Disorders. He has also been a major contributor of articles to
the on-line CBSU statswiki web pages which receive upwards of 100,000 visits
annually. He has also been secretary, since 1996, of the Cambridge Statistics
Discussion Group and chair and meetings organiser for the SPSS users group
(ASSESS) since 2001 and has also been a member of the Clinical Trials Advisory
Panel for Alzheimer’s Research UK.

Forough Esrafilian is an Assistant Professor at the Tarbiat Modares University
(TMU). Her interests include psychopathology, cultural and cross-cultural psychol-
ogy, and developmental cognitive psychology.

Sara Saljoughi was born on March 1, 1995. She received her Bachelor’s in
Electrical Engineering from the Iran University of Science and Technology. After-
ward, she discovered her intense passion for Cognitive Science; as a result, she
changed her academic direction and followed her passion. Right now, she is in the
final stage of her Master’s in Cognitive Psychology and looks forward to continuing
her studies in a Ph.D. program. Her research interests include computational neuro-
science, connectivity, biomarkers, and brain networks. She is keen to discover brain
networks and biomarkers for psychiatric and mental disorders by ML approaches.



