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Introduction

[1] In Music and Probability, David Tempetley presents a meaningful analysis of the cognitive resources implied in music

perception, providing a sound and coherent series of models based on a probabilistic perspective.

[2] Cognitive sciences aim at understanding how our minds—and perhaps even artificial ones—are able to combine
information about the external wotld with internal mental representations, in order to perform certain actions and achieve
specific goals. Cognition gives us a more or less realistic, accurate perspective of the existence and behavior of the outside
wortld. By processing this information we are able to plan our actions, solve problems, and obtain desired results (Von
Eckardt 1993).

[3] Originally, cognitive sciences employed a symbolic approach. According to this paradigm, minds are viewed as symbolic
processors, and syntactic rules—rules that correlate with the form of information only, not its contents—were enough in
principle to represent knowledge and the way humans think and solve problems (Gardner 1985). Since computers were
particularly well suited to perform syntactic analysis, it seemed conceivable that one could turn them into cognitive agents
(Turing 1950).

[4] Due to its formal structure, music was one of the early targets in cognitive research. Several researchers and experimental
musicians were convinced that music could be analyzed mathematically as some sort of code, and could therefore be
artificially generated (Meyer 1967). Avant-garde artists dreamed of ensembles of humans and computers improvising in jam
sessions. Those interested in cognitive processes and music believed we could understand those processes better by

assimilating them into the way computers and humans processed syntax (Jackendoff 1983).

[5] When this paradigm proved to be too limiting (Dreyfus 1992, Varela 1991), emphasis was directed towards statistical and
probabilistic approaches, the same as in Music and Probability. The older models, however, were “black box” approaches to
mathematical generation of music. There was no attempt to give any psychological reality to models, despite the fact that this

has been one of the main aims of the cognitive sciences since their inception (Johnson-Laird 1983).

[6] Much of this eatlier research mirrored cognitive science’s understanding of neural networks at the time (Rumelhart 1989).
Neural networks were trained to recognize certain patterns and structures, and they did astonishing things that symbolic AL
(Artificial Intelligence) could not. For example, they could recognize faces and speech, and they could play backgammon
better than humans. Yet cognitive scientists could not explain how these networks worked. They found it very difficult to
extract useful information, which would help them to better understand how humans perceive or generate music. An early

appreciation of such difficulties within a probabilistic study of music can be found in Cohen (1962).

[7] Early statistical and probabilistic approaches only showed that, when humans recognize a musical passage, some sort of
statistical process occurred in their neurons. Although the process was thought to be equivalent in some sense to that of
neural networks, it was impossible to develop an algorithm that could predict what the cognitive processes would be like.

This is a general problem that most probabilistic and neural networks models share, as stated in Clark (1989).

[8] Music and Probability is different from eatlier probabilistic studies of music cognition. Temperley clearly understands
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mathematics, music, and cognitive sciences, and he successfully and convincingly combines them in his book. He leads the
reader into a deeper interaction with cognitive processes. The reader learns how the brain uses the mathematical nature of

music to perceive and create music.
Music and Probability? Main Contents

[9] This book serves as an introductory and systematic course on the probabilistic analysis of music, and on how to use that
approach in music theory as well as in the cognitive sciences. Its main goal, then, is to establish relationships between

probability and musical style, in order to gain insight about music from a cognitive perspective.
[10] Temperley bases his theory on three principles:

1. Perception is an inferential, multileveled, uncertain process.
2. Our knowledge of probability comes, in large part, from regularities in the environment.

3. Producers of communication are sensitive to, and affected by, its probabilistic nature.

The application of these principles allows Temperley to go beyond the “black box™ effect mentioned above, to bridge the

gap between the probabilistic analysis of music and cognitive science.

[11] Once the objectives and main principles of the book are discussed, the author presents the basics of probability in a
simple and clear manner so that the general reader can follow the calculations and proofs that appear throughout the text.

After this introduction, the book presents relevant concepts as needed.

[12] In the book, the Bayesian approach to probability plays a central role. By means of the Bayes rule, one is able to make
inferences about a hidden variable that is related to a structure not directly accessible, based on knowledge about an
observable variable. Temperley does not apply the Bayesian approach as just a mathematical instrument used to make
predictions. Rather, it shapes his theory about how our mind actually perceives specific musical elements such as dynamics,

rhythm, chords, melody, harmony, and so on.

[13] It is important to keep in mind that neither rhythm nor pitch are perceived directly; our brains need to make several
inferences in order to process the rhythm of a musical passage or to assign pitch (Parncutt 1994, Krumhansl 1990). The
seemingly straightforward task of detecting the spatial origin of a sound is a complex cognitive issue that requires several

neural systems working together.

[14] Using a Bayesian modeling of music perception, the author presents a formally coherent and cognitively realistic account
of how basic musical categories such as rhythm or pitch are perceived. Based on those results he is also able to analyze
common human expectations in music and how errors are detected. Further, he can explain some paradoxes in music

perception.

[15] Temperley uses this understanding of basic music elements to build more ambitious models, which he applies in order to
predict how humans process polyphonic music and determine keys. His model is then compared with experimental results of

how humans detect key in polyphonic music so as to show the robustness and cognitive reality of the model.

[16] Temperley then focuses on the concept of “tonalness,” that is, “the degtree to which a segment of music is characteristic
of the language of common-practice tonality” (110). Tonalness is used to explain human perception and judgments of key

relations, and to solve some problems of ambiguity.

[17] It could be argued that former probabilistic models have already dealt with such issues (Dixon 2001, Chew 2002,
Kashino et al. 1998, Margulis 2005). However, it is important to keep in mind the two principal ways in which Tempetley’s
work differs from earlier studies: it is a systematic approach to the analysis of all the main phenomena related to music

perception, and it aims to bring a psychological and cognitive reality to the model.

[18] In addition, the author models music perception issues that have previously been absent from the literature. A good
example is the way Tempetley amplifies his Bayesian models to comprehend how humans are able to identify individual

notes and musical phrases, both of which are significant issues in a realistic cognitive model of music perception.

[19] Once perception processes have been rigorously analyzed and modeled, Temperley considers human creativity, trying to
model—always using the Bayesian approach—the way in which music is composed and how we establish musical styles. He
explains how probability is used to detect pitch or thythm, and argues that in order to state that a certain composition is
within a specific style we generate probabilities from different models, and assign the one with higher probability. This idea

may sound strange to music theorists, but Temperley makes a convincing case for its application.

[20] Temperley’s results are not only of theoretical value, they are of great pedagogical value as well since he expands his
model to explain certain pedagogical practices. Based on ecatlier descriptions of how and when musical structure can be
obtained from raw auditory data, Tempetley presents his concept of “communicative pressure,” which is a heuristic principle

in music theory that avoids the indetermination of the musical structure (181-207).
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[21] All of the chapters are organized in the same format: first, main problems associated with perception and/or the
generation of a specific musical parameter are formally introduced. Next, the foremost cognitive and mathematical models
are presented and discussed, specifying both their applicability and their weaknesses. Finally, Temperley introduces his
models, which are always justified and compared to the other established models. The book is designed in a cumulative way,

so it is best if it is read sequentially.
Who Should Read This Book

[22] The interdisciplinary approach and subject matter of this book should appeal to a wide range of scholars and

researchers, with diverse aims and backgrounds.

[23] Researchers of music and Al are presented with another model that simulates music perception and generation

processes. However, Tempetley’s model aims at empirical realism, which probabilistic AI music models typically lack.

[24] Music theorists will gain insight on some aspects of music structure that are difficult to grasp when the probabilistic
nature of music is not taken into account. Once music scholars become accustomed to a Bayesian approach to music, they

will find the reliability and scope of the models to be of great assistance.

[25] Cognitive scientists interested in music cognition will indeed find this book helpful, since it makes a comprehensive case

for probability and music perception, and links a mathematical model with empirical results.

[26] Readers lacking a mathematical background on probability should not worry about not understanding the book. As
mentioned above, chapter 2 is a basic introduction to conditional probability, and other mathematical concepts are presented
and explained when needed. The author himself acknowledges that this book is not an introductory course in probability; he
only presents those results from mathematics that will help to clatify the book’s main concepts. The book is self-explanatory.
Hence, an interested reader (even one without a background in probability) will learn much about mathematics and the

psychological modeling of music perception and creation.
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