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Talk is cheap, show me the code.

——Linus Torvalds®
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1 hear and 1 forget.
I see and 1 remember.
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— AT

ABHAIVERE T 2 JUE— R 2 B a0 IR RE . ReSRZ e KR marse e
HEMSE R . XTI HITEHT 2001 48, RABARESHE S XEHTBEMER I
HAFETEENME. &%, TN DHERY, ST MMTE, XEREBERE
PR HE AR LR, WA sk A Al MATLAD 24 R e & Fb i 258}
2] B 2R BHA L

XABHABFLE MATLAB fER—MEAHRT-6 . BB LR AR AEN— -
B A . BB AL IR . BRI R R X P Ry B, AT R
MATLAB XF LB A BIR AT R, M2 05050 = AR 8 B, Bdsiliosk .
BOHE S A M A B AR R Rl . SRR — DT, H4R
M. RIFEERRNT &S R, REEHFMSE 24, 1
BHAHA—-PTFHLRE, RUMEFISTRTl AR A" 8. FERPrEN
Bolb A, ROTEIRD, XSEGHEMAREN, MREREMEN—TEKRE,

ARG XM MATLAB A “2Eb” FRme 8E Bk 2 a8 X
By BN E R & R — RS P B D R A M A AL T R R AR . XA
PRI T e e A R VR . BRITHHEERERN AT LA R T4 MATLAB
EA—MABIEBFES . AT M — MR EmMEn T, it X5
FATHA BT IR EBRNEYE . ER SRS RERNEERS. B
P KRR BB RN1% Y (Karpicke &. Roediger, 2008),

EABLES Ear A4S, DR AEILE, E M EAL T MAT-
LAB R AWIItE, A& MATLAB A&, CAEAK MATLAB tiH
P AR X — #8049 B B MR F T MATLAB IR BE ST 4T T #% .
XA — sy, BAER T XENAARHITT 280 A HAMR £
FEAHE MATLAB fE b geti Bl i R A () A T, 48 3B 5r N & 2 dndar fk
MATLAB KRS . b T ERAEEA M, T MR KE T A AR BL il
g, RHHPEETTLRES il M 2 sh R R4 L5, B3k
¥ MATLAB H B A E, XHFAERABHZOHE, FtdiZ MAT-

O AHRGEH T REO: CRRAEMZ. MEZRELZ. L2 REMNZ. MEZAEGZ, FB T
() filk&",



LAB SH g RO RATEEIRER T 2 MBRIEEN T, G A AR L%
By “ESET B, BRSO EENE MATLAB BIF B AR, JFHMRENT
MATLAB f# #RSA fEiEE. AmA T I LB A A E HiR AR 3.0 a8
(HEREROEY) FRN--IMEENE. EEFEN BRI RBLE A MAT-
LAB#EA, BRATXLME MM L AN/NES, JHREREARE, RITBHERITE—
Mg RRBH . VRMENMNEE LS F. BF. AEEWNREREE T —1TH,
XA HEREA TR O AR E S B — M E R ER., RERMNVER, WRXAA
ERTHWE, BIOAGEXEE N ol D/EA— B l—&r “s25e” .

AR L. RINBOIFHR—EXHENH: HRINACHE -K¥EJ MATLAB #af %,
BT EHCFENEHME, RIMTSAFBEFEAXERH. BRITHFE, XFEN—FBHEIRHAE
FHEHERXAEAT,

WREAKEAAFFEN IR, RITATRRZEEXAS . 5%, ERERINPOREA
BISCRE, BRI TR T ORMA R R . RS R B RATR A T Xl i
T WSS, HEHARMM R TR R B, FAEH Steve Shevell , fi
B FRATE X B BAEA TS — L. MIMEITERSITA Elsevier HRE R T
BIMEA B~ EMR RN LEANR, FARE MU MBI, Johannes Menzel, Sarah
Hajduk, Clare Caruana, Christie Jozwiak, Chuck Hutchinson, Megan Wickline
Meg Day, {1682, LA OHEHERAKRE. BIMIRER - Meg &
HTXAME, H¥E MathWorks™ E iR Meg Vulliez, F4b, IRATAERGHHS -
HYEREE B Kori Lusignan A1 Amber Martell, 783X AN B0 B IHM B4t T &  F48
5B Wim van Drongelen, MR {18518 Armen Kherlopian 1 Gopathy Purushothaman
XTEATH TAERME R S W% . FRATHE BT Kristine Mosier 384 T A4 FMRI 3¢
B [ FHE R 1 55 T BE G R iR B, 2Bt Aaron Suminski X X #2485
GRS, ZEEWNLE, RIS IA R AIRNTWEZ mA s B EEER
IR A . BJE, FATAHZ IR, 28, ROURBEMA RN A 83 AL ik
. RATE WA B o] LIRS AR B AR B H

(HRgtae 2 & )



Preface

I hear and 1 forget.

I see and I remember.

I do and I understand.

The creation of this book stems from a set
of courses offered over the past several years
in quantitative neuroscience, particularly
within the graduate program in compu-
tational neuroscience at the University of
Chicago. This program started in 2001 and
is one of the few programs focused on
computational neuroscience with a com-
plete curriculum including courses in
cellular, systems, behavioral, and cognitive
neuroscience; neuronal modeling; and
mathematical foundations in computational
neuroscience. Many of these courses in-
clude not only lectures but also lab sessions
in which students get hands-on experience
using the MATLAB® software to solve
various neuroscientific problems.

The content of our book is oriented along
the philosophy of using MATLAB as a com-
prehensive platform that spans the entire
cycle of experimental neuroscience: stimu-
lus generation, data collection and experi-
mental control, data analysis, and finally
data modeling. We realize that this
approach is not universally followed. Quite
a number of labs use different—and
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specialized—software for stimulus genera-
tion, data collection, data analysis, and data
modeling, respectively. Although this alter-
native is a feasible strategy, it does intro-
duce a number of problems: namely, the
need to convert data between different plat-
forms and formats and to keep up with a
wide range of software packages as well
as the need to learn ever-new specialized
home-cooked “local” software when enter-
ing a new lab. As we have realized in our
own professional life as scientists, these
obstacles can be far from trivial and a
significant detriment to productivity.

We also believe that our comprehensive
MATLAB “strategy” makes particular sense
for educational purposes, as it empowers
users to progressively solve a wide variety
of computational problems and challenges
within a single programming environment.
It has the added advantage of an elegant
progression within the problem space. Our
experience in teaching has led us to this
approach that does not focus on the inher-
ent structure of MATLAB as a computer
programming language but rather as a tool
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for solving problems within neuroscience.
In addition, it is well founded in our current
understanding of the learning process.
Constant use of the information forces the
repeated retrieval of the introduced con-
cepts, which—in turn—facilitates learning
(Karpicke & Roediger, 2008).

The book is structured in four parts, each
with several chapters. The first part serves
as a brief introduction to some of the most
commonly used functions of the MATLAB
software, as well as to basic programming
in MATLAB. Users who are already famil-
iar with MATLAB may skip it. It serves the
important purpose of a friendly invitation
to the power of the MATLAB environment.
It is elementary insofar as it is necessary to
have mastered the content within before
progressing any further. Later parts focus
on the use of MATLAB to solve computa-
tional problems in neuroscience. The sec-
ond part focuses on MATLAB as a tool for
the collection of data. For the sake of gener-
ality, we focus on the collection of data from
human subjects in these chapters, although
the user can easily adapt them for the collec-
tion of animal data as well. The third part
focuses on MATLARB as a tool for data anal-
ysis and graphing. This part forms the core
of the book, as this is also how MATLAB is
most commonly used. In particular, we
explore the analysis of a variety of datasets,
including “real” data from electrophysiol-
ogy as well as neuroimaging. The fourth
part focuses on data modeling with
MATLAB, and appendices address the phi-
losophy of MATLAB as well as the underly-
ing mathematics. Each chapter begins with
the goals of the chapter and a brief
background of the problem of interest (neu-
roscientific or psychological), followed by
an introduction to the MATLAB concepts
necessary to address the problem by break-
ing it down into smaller parts and
providing sample code. You are invited to
modify, expand, and improvise on these
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examples in a set of exercises. Finally, a
project is assigned at the end of the chapter
which requires integrating the parts into
a coherent whole. Based on our experience,
we believe that these chapters can serve as
self-contained “lab” components of a course
if this book is used in the context of
teaching.

In essence, we strived to write the book
that we wished to have had when first
learning MATLAB ourselves, as well as the
book that we would have liked to have
had when teaching MATLAB to our stu-
dents in the past. Our hope is that this is
the very book you are holding in vour
hands right now.

We could have not written this book with-
out the continuous support of a large number
of friends. First and foremost, we would like
to thank our families for their kind support,
their endless patience, as well as their untiring
encouragement. We also would like to extend
thanks to our students who provided the ini-
tial impetus for this undertaking as well as
for providing constant feedback on previous
versions of our manuscript. Steve Shevell
deserves thanks for suggesting that the project
is worth pursuing in the first place. In addition,
we would like to thank everyone at Elsevier
who was involved in the production and
development of this book—in particular our
various editors, Johannes Menzel, Sarah Haj-
duk, Clare Caruana, Christie Jozwiak, Chuck
Hutchinson, Megan Wickline, and Meg
Day—their resourcefulness, professionalism
and patience really did make a big difference.
Curiously, there was another Meg involved
with this project, specifically Meg Vulliez from
The MathWorks™ book program. In addition,
we would like to thank Kori Lusignan and
Amber Martell for help with illustrations and
Wim van Drongelen for advice and guidance
in the early stages of this project. Moreover,
we thank Armen Kherlopian and Gopathy
Purushothaman who were kind enough to
provide us with valuable insights throughout



our undertaking. We also would like to thank
Kristine Mosier for providing the finger-
tapping functional magnetic imaging data that
we used in the fMRI lab and would like to
thank Aaron Suminski for his help in the
post-processing of that data. Importantly, we
thank everyone whom we neglected to name
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explicitly but deserves our praise. Finally, we
would like to thank you, the reader, for your
willingness to join us on this exciting journey.
We sincerely hope that we can help you reach
your desired destination.

The authors



How to Use This Book

A text of a technical nature tends to be
more readily understood if its design princi-
ples are clear from the very outset. This is
also the case with this book. Hence, we will
use this space to briefly discuss what we
had in mind when writing the chapters.
Hopefully, this will improve usability and
allows you to get most out of the book.

STRUCTURAL AND
CONCEPTUAL
CONSIDERATIONS

A chapter typically begins with a concise
overview of what material will be covered.
Moreover, we usually put the chapter in the
broader context of practical applications.
This brief introduction is followed by a dis-
cussion of the conceptual and theoretical
background of the topic in question. The
heart of each chapter is a larger section in
which we introduce relevant MATLAB®
functions that allow you to implement meth-
ods or solve problems that tend to come up
in the context of the chapter topic. This part
of the chapter is enriched by small exercises
and suggestions for exploration. We believe
that doing the exercises is imperative to
attain a sufficiently deep understanding of
the function in question, while the sugges-
tions for exploration are aimed at readers
who are particularly interested in broadening
their understanding of a given function. In
this spirit, the exercises are usually rather

specific, while the suggestions for exploration
tend to be of a rather sweeping nature. This
process of successive introduction and rein-
forcement of functions and concepts culmi-
nates in a “project”, a large programming
task that ties all the material covered in the
book together. This will allow you to put
the learned materials to immediate use in a
larger goal, often utilizing “real” experimen-
tal data. Finally, we list the MATLAB func-
tions introduced in the chapter at the very
end. It almost goes without saying that
you will get the most out of this book if you
have a version of MATLAB open and run-
ning while going through the chapters. That
way, you can just try out the functions we
introduce, try out new code, etc.

Hence, we implicitly assumed this to be
the case when writing the book.

Moreover, we made sure that all the code
works when running the latest version of
MATLAB (currently 7.7). Don’t let this con-
cern you too much, though. The vast major-
ity of code should work if you use anything
above version 6.0. We did highlight some
important changes where appropriate.

LAYOUT AND STYLE

The reader can utilize not only the concep-
tual structure of each chapter as outlined
above, but also profit from the fact that we sys-
tematically encoded information about the
function of different text parts in the layout
and style of the book.

xiii
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The main text is set in 10/12 Palatino-
Roman. In contrast, executable code is
bolded and offset by >>, such as this:

>> figure
>> subplot(2,2,1)
>> image(test_disp)

The idea is to type this text (without the
>>) directly into MATLAB. Moreover, func-
tions that are first introduced at this point
are bolded in the text. Exercises and Sugges-
tions for exploration are set in italics and
separated from the main text by boxes.

Equations are set in 10/12 Palatino-
Roman. Sample solutions in 10/12 Palatino-
Bold.

HOW Ty USE THIS BOOK

COMPANION WEBSITE

The successful completion of many chap-
ters of this book depends on additional
material (experimental data, sample solu-
tions and other supplementary information)
which is accessible from the website that
accompanies this book. For example, a data-
base of executable code will be maintained
as long as the book is in print. For informa-
tion on how to access this online repository,
please see page ii.
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