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Written specifically for those with no prior programming experience and minimal quantitative training, this accessible text walks behavioral science students and researchers through the process of programming using MATLAB. The book explores examples, terms, and programming needs relevant to those in the behavioral sciences, and helps readers perform virtually any computational function in solving their research problems. Principles are illustrated with usable code. Each chapter opens with a list of objectives followed by new commands required to accomplish those goals. The objectives also serve as a reference to help readers easily relocate a section of interest. Sample code and output and chapter problems demonstrate how to write a program and explore a model so readers can see the results using different equations and values. A website provides solutions to selected problems as well as the book’s program code output and examples so readers can modify them as needed. The outputs on the website have color, motion, and sound.

Highlights of the new edition follow:


	Updated to reflect changes in the most recent version of MATLAB, including special tricks and new functions.

	More information on debugging and common errors as well as more basic problems in the rudiments of MATLAB to help novices get up and running more quickly.

	A new chapter on Psychtoolbox, a suite of programs specifically geared to behavioral science research.

	A new chapter on Graphical User Interfaces (GUIs) for user-friendly communication.

	Increased emphasis on pre-allocation of memory, recursion, handles, and matrix algebra operators.



Intended as a primary text for MATLAB courses for advanced undergraduate and/or graduate students in experimental and cognitive psychology and/or neuroscience, as well as a supplementary text for labs in data (statistical) analysis, research methods, and computational modeling (programming), the book also appeals to individual researchers in these disciplines who wish to get up and running in MATLAB.
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Preface

The first edition of MATLAB for Behavioral Scientists (published in 2007) was the result of a rebellious thought. The prevailing view before then was that most behavioral scientists shouldn’t or couldn’t write their own computer programs. This irked the first author, who decided to pursue the notion that all behavioral scientists, including students in the relevant fields (psychology, cognitive and affective neuroscience, economics, and so on), could and should learn to program for themselves.

Behavioral scientists need to be able to program as much as scientists in other fields. They need to be able to program to do whatever they want, computationally speaking, without having to rely on the kindness of strangers or the largesse of granting agencies to pay others to program for them.

To give some examples, a behavioral scientist—a behavioral economist, say—wishing to model decision making should be able to roll up her sleeves and graph data showing observed and expected data in the way she prefers. A personality psychologist interested in designing a new questionnaire requiring a special computer interface should be able to pursue that aim. A psychotherapist wanting to model changing relations between members of a family should be able to characterize that process with custom-made animations that show network links with dynamically changing thicknesses and colors, growing and shrinking over time, if that’s what she wants. A cognitive psychologist interested in setting up and conducting behavioral experiments should be able to create any kind of stimuli and response recording capabilities he or she cares to, not being limited by what’s possible with off-the-shelf commercial products.

This book is meant to help behavioral scientists (and especially students entering this field) to do these things. The authors of this book assume you have no prior familiarity with computer programming, and we assume you have no knowledge of mathematics beyond what is generally learned in high school. The text is meant to be as friendly and encouraging as possible. Our aim is to draw you in and help you feel comfortable within a domain that may at first seem foreign and maybe even scary.

Programming can be humbling. If you set out to learn to program, you should prepare yourself emotionally as well as intellectually for what will happen because you will be dealing with an unfeeling machine. It takes a tough hide to believe you have a program that does what you want, only to discover that the program doesn’t run, generates unexpected results, or produces outputs that seem reasonable at first but then turn out to be wrong. Everyone who has programmed has gone through this, including the authors of this book, so don’t feel like you need to be able to program perfectly. No one does!

Programming needn’t be unpleasant, however. The attitude to have is to keep an open mind about the value of mistakes. If you treat errors as windows for improvement, you will learn a lot. Availing yourself of that learning, when you see a program work and especially when it does something that, to your knowledge, has not been done before, can let you feel rightly proud of your achievement.

There are many computer programming languages. Why is this book about MATLAB? MATLAB (short for Matrix Laboratory), is a commercial product of a company called The MathWorks (Natick, Massachusetts), for which we authors do not work and have no commercial connection. The following, therefore, can be taken as our honest opinion of their product: MATLAB is a simple yet powerful language for computer programming. It has an active community of users, engaged in many branches of science and engineering. One of MATLAB’s most attractive features is that it offers high-level commands for performing calculations with large as well as small data sets and for generating publication-quality graphics. Another attraction of MATLAB is that it allows for the presentation of stimuli and the collection of responses with precise timing. Yet another attraction is that MATLAB is platform-independent. It runs on PCs, Macs, and Linux machines. For these and other reasons, MATLAB is a very good language for behavioral scientists. A growing number of behavioral scientists, along with neuroscientists, engineers, and investigators in other disciplines, have therefore chosen to learn MATLAB. Owing to the health and vitality of the MATLAB programming community, it is likely that more and more people will want to learn MATLAB in the future. You will be part of that active community if you choose to dive into the material provided here.

How did it come to pass that there is a second edition of this book? As is always true of a second edition, its predecessor was successful enough to keep the work alive, but changes in the field suggested a face-lift was needed. Among the needed changes was the appearance of other MATLAB books for psychologists and neuroscientists (Fine & Boynton, 2013; Madan, 2014; Wallisch et al., 2009), which are welcome additions, though they are different in style, tone, level of coverage, and organization from the first edition of this book (but not so perfect, in our view, that they obviate this second edition).

As the author of the first edition (Rosenbaum, 2007) contemplated the second edition, he realized that the process of revising and updating the book would benefit from the involvement of his long-time friend and collaborator, Jonathan Vaughan, the James L. Ferguson Professor of Psychology and Neuroscience at Hamilton College. Jon has decades of experience with computer programming. He has served as the editor of Behavior Research Methods, Instruments, & Computers, a peer-reviewed publication of the Psychonomic Society. The first author basically learned MATLAB from Jon. He continued to learn from Jon in preparing this second edition.

When Jon agreed to join in, he and David began to map out the ways the second edition would differ from the first. Among the things they agreed to were the following: (1) All known errors in the first edition would be corrected; (2) more would be said about debugging; (3) more problems would be given, including problems that would help students confront very basic issues in the rudiments of MATLAB; (4) solutions to selected problems would appear with downloadable code on the book’s new website (www.routledge.com/9780415535946) rather than in the back of the book to allow for more extensive code, updating of the programs if necessary, and addition of new programs as needs and curiosities arose; (5) there would be a tutorial on designing Graphical User Interfaces, or GUIs, which enable a user to interact with a program using graphics to run experiments within MATLAB; (6) there would be a tutorial in designing experiments using Psychtoolbox, a freely available MATLAB toolbox that is specifically geared to behavioral science research; and (7) special tricks and new functions, developed or discovered since 2007, would be featured, including several developed by the authors to solve sometimes thorny problems that arise in data collection and data presentation.

In preparing the second edition, Jon and David made these changes while retaining the main organization of the book’s first edition. As before, readers are ushered to the material slowly and in as a welcoming a way as possible, with more specialized topics coming as the chapters continue. Also as in the first edition, there is continued use of a style that worked well before—introducing a new problem or challenge, presenting associated code, and then presenting the output. In addition, as in the first edition, each chapter starts with a list of things to be done followed by commands that get them done. These start-of-chapter lists let you use the book as a reference once you understand the basics of MATLAB. Thus, after you have worked your way through the book, you will be able to turn to a section and quickly get the detailed information you need to complete the programming task you are undertaking. All the commands are listed as well in a single Command Index near the back of the book, another innovation of the second edition relative to the first.

Another way we have made the text as user-friendly as possible is to update the website for this book. On this site, you will be able to find and copy the programs and program outputs in this volume. The outputs on the website have color, motion, and sound, whereas those modalities are absent from the printed edition.

As shown in the list of new features, the second edition has a chapter on Psychtoolbox. This is a free, popular, MATLAB-based toolbox for running behavioral experiments. Neither Jon nor David had used Psychtoolbox before, simply because it wasn’t essential for their work. It happened, however, that Brad Wyble, a newly hired faculty member in the Penn State Psychology Department (the department where David works), had extensive experience with Psychtoolbox. Jon and David invited Brad to prepare a chapter for the book on Psychtoolbox, and, to their great satisfaction, he agreed.

Brad’s area of expertise is vision, the domain of behavioral science in which, it happens, Psychtoolbox is used the most. With his extensive background in computer science—Brad was a computer science major as an undergrad and did research in computer science labs after completing his PhD at Harvard—he proved to be a wonderful addition to the team. His involvement in the book was limited to the one chapter he prepared, plus his review of this Preface, as per the agreement he made with Jon and David. Any errors in the book, then, outside of the Psychtoolbox chapter and the Preface are not due to Brad. By the same token, any errors in the Psychtoolbox chapter and in the Preface are as much Jon’s and David’s fault as they are, or might be, Brad’s. In general, any mistakes rest squarely with Jon and David, or most especially David, who, after having had several years to mull over the transition from the first edition to the second, should have gotten things right by now!

The last thing we want to say in this preface echoes what we say in the main text about responsiveness to feedback. It is fine to be open to feedback from a computer, as we urge you to be, but it is also good to be open to feedback from people. If you spot something that you think could be better, please let us know. If you have suggestions for things to include in a future edition, give us those suggestions. If you want help with your programming, we cannot serve as consultants to you. We appreciate understanding on that last point. To get in touch with us, you can use one or more of our e-mail addresses: dar12@psu.edu, jaughan@hamilton.edu, or bpw10@psu.edu. We hope you will find this book useful.
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This chapter covers the following topics:


	1.1 Getting Oriented

	1.2 Getting an Overview of This Book

	1.3 Understanding Computer Architecture

	1.4 Programming Principles

	1.5 Deciding If a Program Is Needed and Whether You Should Write It

	1.6 Being as Clear as Possible About What Your Program Should Do

	1.7 Working Incrementally

	1.8 Being Open to Negative Feedback

	1.9 Programming With a Friend

	1.10 Writing Concise Programs

	1.11 Writing Clear Programs

	1.12 Writing Correct Programs

	1.13 Understanding How the Chapters of This Book Are Organized

	1.14 Using the Website Associated With This Book

	1.15 Obtaining and Installing MATLAB

	1.16 Acknowledging Limits



1.1 Getting Oriented

Computers are vital in every branch of science today, and behavioral science is no exception. When behavioral scientists use computers to obtain responses in questionnaires, present visual stimuli, display brain images, generate data graphs, or write manuscripts, their ability to make efficient progress in their research depends largely on their ability to use computers effectively.

Many specialized computer packages let behavioral scientists do their work, and each one takes some time to learn. It is useful to know how to use these specialized packages, but it is also tantalizing to consider the possibility of learning how to program for yourself. The reason is that all specialized computer packages rely on underlying code, and knowing how to generate such code yourself can allow you to be self-sufficient or nearly so in your own research.

Suppose, for example, that you want to develop a mathematical model of some cognitive process. It is convenient to be able to write a program that lets you explore the mathematical model freely, seeing the results obtained with different equations, different parameter values, and so on. Similarly, to analyze data in ways that would be cumbersome with existing spreadsheet applications, it is refreshing to be able to write the analysis program to your own specifications. For example, to view graphs of obtained or theoretical data in a variety of forms, it is useful to be able to generate the graphs quickly and easily, however you please, not just as stipulated by an existing graphics package.

The computer language introduced here, MATLAB, provides you with these capabilities. MATLAB is available from The MathWorks (www.mathworks.com), a company with which we authors have no affiliation. MATLAB has become popular in several branches of engineering and science, including behavioral science. Nonetheless, to the best of our knowledge, no book has appeared about MATLAB that is written specifically with behavioral scientists in mind. Nor for that matter has a book come out for behavioral scientists about any other general-purpose programming language. The need for such a volume motivated the first edition of this book. Its positive reception encouraged us to revise the text and expand the coverage in this second edition.

Will it be worth your time to read this book? Once you have gone through the text and generated your own MATLAB programs based on the material presented here, you should have enough programming skill to do most of what you need to for your own behavioral research needs. Most importantly, a working knowledge of MATLAB will allow you to perform some analyses that would be tedious, difficult, or impossible otherwise. In addition, you will be able to understand and build upon the work of colleagues who use MATLAB in their work.

You will probably find this book most useful if you use it in two stages. In the first, you will want to go through it, or the parts of it most relevant to your needs, in considerable detail, working problems and developing the hands-on skills that will make you a MATLAB user, not just a MATLAB appreciator. In the second stage, you will be able to rely on the book as a reference, turning quickly to those sections that provide examples you can adapt for your own programming needs.

To make the book as useful as possible as a reference source, we have designed it so you can get the examples you need quickly and easily. You can do so by turning to the opening page of any chapter and finding there a list of things you may want to do. Beneath that list is a compendium of associated commands. The text itself provides examples you can adapt for your own purposes. You can copy those examples by hand into your own programs, or, to avoid typographical errors, you can copy and paste them from the website associated with this book (www.routledge.com/9780415535946), where the programs and their outputs are available, along with the solution to selected problems. Finally, the list of commands introduced in each chapter is listed as well in the Commands Index.


1.2 Getting an Overview of This Book

Acquiring a new skill such as computer programming can be daunting, so it helps to have an overview of what you can expect as you proceed. Here, then, is a roadmap of the contents of this book. Besides signposts, we also provide brief explanations of the goals of each chapter.

	Introduction. By reading the present chapter, you will learn more than you may already know about how computers work and what computer programming languages do. You will also learn about the ways you should approach computer programming. Finally, by reading this chapter, you will understand how this book is organized. That information can help you use the book efficiently.

	Interacting With MATLAB. By delving into the second chapter, you will learn how to activate MATLAB’s windows in order to open, edit, save, and run MATLAB programs.

	Matrices. By studying the third chapter, you will learn how MATLAB enables you to store and access data. Briefly, MATLAB lets you store data in matrices consisting of one or more rows and one or more columns. Matrices are so fundamental to MATLAB that the name of the language is actually short for “Matrix Laboratory.” You can think of a two-dimensional matrix (one having both rows and columns) as analogous to the rows and columns in a spreadsheet.

	Calculations. Computers are good at calculating. Chapter 4 shows how to get your computer to carry out calculations with MATLAB.

	Contingencies. One of the main purposes of a computer program is to perform different actions depending on existing conditions. The logic of a program involves not only calculations but also decision making, such as evaluating variables differently (or not evaluating them at all), depending on their values.

	Input-Output. Chapter 6 shows you how to control your computer’s interactions with the external world. By studying Chapter 6, you will be able to design programs that let you create dialogs with users, including participants in behavioral studies, and to read and write data to and from external files.

	Data Types. One of the biggest challenges in using computers in research is determining how best to represent the data you are working with. It is important to understand what data types are available in MATLAB so you can choose and manipulate your data types accordingly.

	Modules and Functions. Simple programs are usually easy to understand, but when they become more complex it often helps to deal with them in chunks. Some higher level structure is often helpful. Chapter 8 shows you how to write programs that have this property. Those programs often have stand-alone modules and functions. Such modules and functions can be called by a variety of programs. Using modules and functions can help you approach programming from a top-down rather than a bottom-up perspective. Modules and functions can also facilitate the reuse of programs in the future.

	Plots. The ability to generate and manipulate complex graphics for the exploration and presentation of data is widely regarded as one of the special strengths of MATLAB. Chapter 9 exposes you to those strengths by showing you how to make line graphs, bar graphs, and other types of graphs that are suitable for professional presentations and publications.

	Lines, Shapes, and Images. Here you will learn how to create, import, or reshape lines, shapes, and other images that can either stand alone or be included in graphs. Chapter 10 will also show you how to generate three-dimensional graphs.

	Animation and Sound. Chapter 11 builds on the static graphics of the tenth chapter to manipulate figures using simple animation techniques, generate movies, and generate auditory stimuli.

	Enhanced User Interaction. When you think of a typical computer application, what comes to mind is how the program interacts with the user, typically through graphics, the keyboard, the mouse, or touchscreen. Chapter 12 introduces you to some of the tools available in MATLAB for user interactions.

	Psychtoolbox. For real-time work, there are some features that MATLAB ordinarily lacks that are needed for precise and flexible stimulus presentation and data acquisition. Chapter 13 describes a sophisticated extension to MATLAB, Psychtoolbox, which adds features to facilitate research using MATLAB, especially in vision research. This chapter also touches on related packages of interest to behavioral scientists in related areas.

	Debugging. Programs often have bugs because, for better or worse, programming is often a trial-and-error process. While it is hard to know in advance how to address every possible bug, it is possible, based on the authors’ many goofs of their own, to convey advice about debugging techniques which you may find useful. These are offered in Chapter 13 … oops, Chapter 14 ([image: ]).

	Going On. Chapter 15, the last chapter of the book, provides pointers for going further with MATLAB. This chapter also directs you to other resources you may want to draw on.


A lot of material will be covered in this book. Do you need to go through all of it? If you have no need to play sounds, show animations, or generate three-dimensional graphics, you may safely ignore large parts of Chapters 9 through 13, though leafing through these chapters may help you overcome any prejudices or fears you might have regarding these topics. At the same time, there are chapters you cannot avoid, at least if you don’t want to emerge from this book the way Woody Allen emerged from his speed-reading of Tolstoy’s epic novel, War and Peace. “It was about Russia” was all he could recall.

The truly essential chapters of this book are Chapters 2 through 5. You cannot go on to the later chapters and expect to have control of your programs if you don’t have command of the material in Chapters 2 through 5, and the only way to gain that command is to work your way through the examples and exercises slowly and carefully. We promise that even if you think you understand how things work, the only way to be sure is to try them out and expose yourself to the feedback you will receive.

As you gain expertise, Chapters 6 through 8 will allow you to write more sophisticated code. Chapters 9 through 13 will provide you with specialized tools for your work and enjoyment. And Chapter 14, as already mentioned, will suggest ways to help you debug efficiently.

A word of advice: Don’t hesitate to revisit earlier sections of the book as you move through it. No one remembers perfectly, and no one understands material quite as fully the first time as in revisits. Your understanding of what may seem very obscure the first time through will be enhanced by the top-down knowledge and context you will acquire touring later material.


1.3 Understanding Computer Architecture

As a first step toward learning to program, it can be helpful to know a bit about computer architecture. Knowing about the main components of a computer can help you understand what features of the environment your program must deal with.

All working computers have five basic elements. As shown in Figure 1.3.1, these are (1) input devices (not only the conventional keyboards and mice, but also the microphones, response buttons, and video and voltage recorders that are useful in the laboratory); (2) output devices (screens, printers, loudspeakers, etc.); (3) storage devices (hard disks, thumb drives, DVDs, the “Cloud,” etc.); (4) primary memory; and (5) the central processing unit. The first three components should need no further explanation. The last two components merit more discussion.

[image: ]Figure 1.3.1 
Primary memory (item 4 on the list) is like human or animal working memory. Its contents are currently active information. The amount of information that can be kept in this active state is limited, both in biological agents (humans and animals) and in computers. The amount of information a computer can maintain in primary memory is hardware dependent.

Because the capacity of primary memory is limited, it is important to be mindful of the amount of information a computer can keep active at once. The amount of information made active by a program, such as one written in MATLAB, depends on the number of variables that are declared and the number of bits (the number of 1s and 0s) required to represent each variable.

Essentially, there are three ways of using primary memory efficiently: (1) defining just the variables that are needed; (2) clearing variables once they are no longer needed; and (3) defining the types of the variables so the amount of memory initially reserved for them is large enough but not substantially larger than needed. We will return to these topics in Chapter 7 (“Data Types”).

Returning to the components of computer architecture, the fifth component is the central processing unit. This is the part of the computer that executes instructions. For present purposes, the central processing unit, or CPU, can be likened to consciousness, for which, it is said, only one thought can exist at a time (James, 1890). The same can be said of a computer’s CPU. It can handle only one instruction at a time, at least in a conventional digital computer. Handling just one instruction at a time is called serial processing. Handling more than one instruction at a time is called parallel processing.

Serial processing can occur at high rates in modern computers. For example, the computer on which this text was prepared (a Dell laptop) runs at 2 gigahertz (2 billion cycles per second).

Regardless of the speed at which a CPU runs, serial processing imposes constraints on the kinds of programs you can run, and therefore write, in MATLAB. Suppose, for example, that you want to find the largest value among a set of numbers. Parallel processing is a natural way to solve this problem. If the values are plotted as in Figure 1.3.2, for example, a brief glance at the bars lets you pick the biggest one. The tallest bar seems to jump out at you. Once it does, you can look down to find the associated element (element 3 in this case), or you can look to the left to find the largest value (39 in this case).

[image: ]Figure 1.3.2 
You might object that parallel evaluation of the heights of all the bars in this case is not actually possible, and even it were for this particular figure, it wouldn’t be for all other sets of numbers, such as those whose largest values are similar. You might also say that the method outlined above is not a truly parallel process because distinct stages are associated with looking down the tallest bar or looking sidewise from the top of the tallest bar. These objections are well taken, especially considering that serial processing is inescapable in MATLAB, at least in a program that uses MATLAB in its usual configuration. To sort values or do anything else in MATLAB, everything must be done one step at a time (serially). Knowing this can help you approach the task of programming. (Many recent computers have multiple processors, or cores, that make parallel computing possible. Advanced users can take advantage of these to speed complex computations by having two or more cores compute different things at once, using additional tools available from The MathWorks. If you are beginning your programming skills with this book, you can safely save parallel programming for another time.)


1.4 Programming Principles

How should you approach the task of programming? We have come to believe in the following principles:


	Decide if a program is actually needed and, if so, whether you should write it.

	Be as clear as possible about what your program should do.

	Work incrementally.

	Be open to negative feedback.

	Program with a friend.

	Write concise programs.

	Write clear programs.

	Write correct programs.


Consider each of these principles in turn.


1.5 Deciding If a Program Is Needed and Whether You Should Write It

The first principle is less obvious than you might suppose. Consider the problem discussed above (finding the largest of a set of values). The numbers corresponding to the bars in Figure 1.3.2 are as follows:

[image: ]
Do you need a computer program to find the largest of these values? Obviously not. You know that the largest of these numbers is 39 and that this largest number occupies the third slot in the series. If you only had to find the largest value in this particular array, you would be foolish to write a program for this task, except as an exercise. On the other hand, if you were quite sure you would often need to find the largest number in each of a large number of arrays of unpredictable sizes, writing a program would make more sense. A program is useful, then, for performing a well-defined task that would be too taxing to perform by hand.

The second part of the first principle, whether you should write the program yourself, also deserves comment. If you decide you need a program, it may or may not make sense for you to write the program yourself. Why should you write a program for a task if someone else has done so before?

Our answer to this question is analogous to the answer a math teacher might give to a rebellious student: “Why should I prove this theorem if it’s been proved before?” “Practice makes perfect,” the teacher may reply. He or she may go on: “Even if true perfection is beyond your reach, practice will increase the chance of your proving something new yourself.”

Our view of programming is the same. You might be able to locate programs that already do things you need to, and it may make sense for you to use those programs, especially for problems that seem very complicated or that are beyond your technical ability. But the more practice you get programming, the more likely it will be that you will be able to generate programs that either solve new problems or solve old problems in new ways. Don’t be discouraged if it takes an hour or more to get your first “real” program up and running, even if you might have done the same computation by hand in a minute or less. As you develop programming expertise, you will become more efficient and productive, and you’ll be able to apply your new skills to other problems.


1.6 Being as Clear as Possible About What Your Program Should Do

If you decide that you need a program and that you should write it yourself, you will need to be as clear as possible about what your program should do. This is easier said than done. Thinking through the workings of a program can be one of the hardest aspects of programming, even harder in some cases than getting the syntax right.

Return to the problem of finding the largest value in an array. It turns out that MATLAB provides a program (or more precisely, a function), called max, that lets you find the maximum of a set of values (see Chapter 4). You can use this function to get the largest value in a matrix without having to reinvent the function yourself. Nevertheless, it is worth thinking through the way you would identify the largest value in an array. Working through this example—however simple it may seem—will help you begin to “think programmatically.”

To think through what a program must do to find the largest value in an array of numbers, imagine that you have a row of numbers like the one above, but you can only see one of the numbers at a time—say, by sliding the hole in a card across the row. Under this circumstance, you can determine the largest value by finding the largest value so far. If you were actually doing this, you’d first place the hole in the card over the first number, which is 7. Then, you’d remember that 7 is the largest value you’ve seen, and move the card to reveal the 33. Thirty-three is larger than 7, so now you’d note that 33 is the largest number you’ve seen, and you’d move the card again. After seeing 39, you would revise the largest number seen to that value. Continuing and not encountering any number larger than 39 for the rest of the series, that would be the number you’d report.

Now translate this algorithm into a program. Assign some very small value to a variable called, for instance, Largest_Value_So_Far. Then, proceeding from left to right, every time you encounter a value larger than Largest_Value_So_Far, reassign that new value to Largest_Value_So_Far. After you have evaluated the last item on the list, Largest_Value_So_Far will be the largest of all the values.

Here is a flow chart for the procedure, along with some other items you’d need to get the job done. One of these other items is telling the program how many values there are in the list. We give the list the name V. There are n = 9 values in V.

Another thing that needs to be done is initializing Largest_Value_So_Far to an extremely small value, namely, minus infinity (which can be expressed in MATLAB as –inf). We do this because whenever a new number is tested, it must be compared to some prior value. Starting with –inf ensures that the first value will be called the largest provided it is larger than –inf. It may stay that way if no larger value comes along.

The third thing that needs to be done is providing an index, i, for each successively encountered value in V. An index for a value is the position of the value in the matrix. For the first item, i = 1, for the second item, i = 2, and so forth. Initially, i is set to 0. Each time a new number is compared to Largest_Value_So_Far, the variable i is incremented by 1, until i is greater than n. The i -th value of V, denoted V(i), is assigned to Largest_Value_So_Far if V(i) is larger than the current value of Largest_Value_So_Far. When i is larger than n, the program stops and the value of Largest_Value_So_Far is printed out.

[image: ]Figure 1.6.1 
A flowchart like this can serve as the conceptual foundation for the code needed to get a computer to find the largest value in an array. You don’t have to draw a flowchart before you write MATLAB code, however. Some people only imagine flowcharts or the steps corresponding to them. Drawing flowcharts in your head obviously gets easier as you get more practice with programming. Early in practice, however, it is advisable to sketch the steps your programs will follow.

How do you come up with a flowchart or its corresponding steps in the first place? The honest answer is that no one knows. Anyone who could give the answer would, in effect, know how thoughts originate, and no one at this time has a clue about that. If you solve this problem, a Nobel Prize awaits you.

You can, however, consider some practical advice about how to come up with the procedures for computer programs. One suggestion is to talk out loud as you imagine yourself doing the task you wish to program, step by step, much as we did with the imaginary card above. Talking out loud may enable you to make explicit whatever implicit knowledge you bring to bear as you do the task, as if you were explaining the task to a friend. Hearing your own words will also help you identify those things you’re not clear about. If you hear yourself say, “OK, next I’ll somehow figure out which of the values might be OK based on some criterion I can’t quite articulate but I have a vague feeling about,” then you’re not quite ready to write all the code you need. Ultimately, you’ll need to be completely explicit about the instructions your programs contain. Relying on a miracle just won’t work, and the reason, just to be explicit, is that computers, for all their speed, are ignorant and inflexible. They do exactly and only what they’re told to do.

This is one way in which programming is very different from other forms of communication. When you speak to other people, you assume—usually correctly—that they have some knowledge that lets them fill in missing information. Not so with computers, or at least conventional computers given stand-alone programs. Writing successful computer programs requires a degree of explicitness that is unparalleled in other aspects of human experience. This is one reason why learning to write computer programs can be challenging. On the other hand, being explicit to the point that a computer can carry out instructions may sometimes carry over well to other things you do, like writing papers or reaching agreements with others about who will do what in connection with some project.


1.7 Working Incrementally

Another challenge of programming is translating your procedural ideas into language the computer can understand. Here it is useful to work incrementally. By this we mean you should build your program a little at a time, making sure each part works before you go on to another part that depends on what you’ve just written. You should build your program the way a reliable contractor builds a house, by making sure the foundation is solid before the basement is added, by making sure the basement is solid before the first floor is added, and so on. During program development, you will often find it useful to generate intermediate output to verify that each step works as expected. You may later inhibit that output when the program is completed and is no longer needed. Think of this incremental programming process as the digital equivalent of the ancient woodworking adage (attributed to John Florio, 1591), Alwaies measure manie, before you cut anie (“Measure twice, cut once.”).

When you’re reasonably sure your program works, and before you add another component or make other significant changes, save the program with a file name unique to the last working version. The moment you prepare to make changes to the program, save the file with a new name or version number before putting in any changes. Follow the American folk adage, “If it ain’t broke, don’t fix it.” Too often, attempts to further develop a program will, in fact, break it, or otherwise reveal some weakness in it, and you might want to go back to an earlier version. You’ll be glad you have one!

Remember, too, that computer storage is cheap. There is no harm in having a folder full of documents called Max_Program_01.m, Max_Program_02.m, Max_Program_03.m, and so on. It may be that the version you’ll use for actual work is Max_Program_101.m. There is nothing wrong with such a high number. You can tuck away the earlier versions in a sub-folder until you’re sure you’ll never need to look back. Having sequential versions of a program in development makes it easy to compare the changes. In this connection, it is useful to note that MATLAB has a comparison tool that highlights all differences between two versions of a program, similar to “track changes” in Microsoft Word.


1.8 Being Open to Negative Feedback

How can you tell if your program works? As you consider this question, one attitude should rule over all others: Be open to negative feedback. If you treat negative feedback as a help rather than a hindrance, you will become a better, and certainly happier, programmer than if you treat negative feedback in a negative way.

The research of psychologists Carol Dweck and Janine Bempechat (1980) is relevant in this regard. Dweck and Bempechat distinguished between people who take negative feedback as signs of their lack of talent (entity learners) and people who treat negative feedback as cues for ways to improve their performance (incremental learners). It is important while programming to have the attitude of an incremental learner rather than an entity learner. You will learn more if you take negative feedback constructively than if you read such feedback as a sign that you weren’t “cut out” for programming. MATLAB will not give you an error message that says
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A more likely message is something prosaic like

[image: ]
You might get an error message like the latter one in response to code such as

[image: ]
All you have to do here is appreciate that it makes no sense to have the zero-th element of an array. An array can have a first element, a second element, a third element, and so on, but it can’t have an element numbered zero. Whether the 0 was entered in the code based on a misunderstanding or simply as a typo, you can correct the error without indicting your genes. If when you typed 0, you were referring to the first trial, you can replace the 0 with a 1 and all will be fine:
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One reason for saying these things is that it bears remembering that the error messages you receive while programming come from a machine, not from a person who knows what you are trying to say. When you receive an error message, it will help you to take the message as a piece of advice. Over time, you will get fewer error messages concerning low-level aspects of coding (e.g., when you have an unequal number of opening and closing parentheses in a line of code), and you will learn what the error messages mean. More about error messages and debugging (correcting your programs) will come later in the text.

Over time you will also learn to guard against disaster when you program.
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% Dedication.m
clc
for author = {'Brad' 'Jon' 'David'}
authorstring = char (author);
switch authorstring
case 'Brad'
Dedication.to = 'Elizabeth Spillman-Wyble';
Dedication.features =
{'"inspiration', 'storytelling', ...
'mastery of folklore', ...
'extraordinary cooking'};
case 'Jon'
Dedication.to = 'Virginia Vaughan';
Dedication.features =
{'intelligence', 'strength of character', ...

'unfailing support', 'generosity'};
case 'David'
Dedication.to = '"Judith Kroll';

Dedication.features =
{'brilliance', 'bravery', 'beauty'};
end
fprintf ('%$s dedicates this work to %s', ...
authorstring, Dedication.to);
fprintf (' in grateful recognition of her ');
for featurecount = l:length (Dedication.features)-1
fprintf('%s, ',...
Dedication. features{featurecount}) ;
end
fprintf ('and %$s.\n\n',Dedication.features{end})
end
commandwindow
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