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Increasing the mastery of reading and text literacy in the general population is one of the most important challenges faced by both developed and developing societies. Providing a new reference for researchers and practitioners involved in this domain, this book brings together empirical research on the multiple levels of language that are involved in reading. It emphasizes the concrete outcomes of scientific research, and illustrates the continuity among levels. The chapters deal with clearly articulated questions, provide up-to-date reviews of the literature, and include discussions of the impacts of research outcomes for the practice of reading instruction. Furthermore, the volume addresses the gap between restricted and more functional approaches to reading competency. Finally, it addresses some of the new issues that arise from the rapid changes in reading practices that are related to the diffusion of digital technologies. Featuring contributions from authors who are among the acknowledged leaders in the field and presenting the state of the art and current controversies in reading and literacy research, this volume honors the profound impact of Charles Perfetti on reading research. Reading—From Words to Multiple Texts is intended for researchers and scholars of reading, reading comprehension, content area learning, psychology of reading, and learning sciences who are interested in bridging research and practice.
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Preface

In this volume we celebrate the profound influence of Charles A. Perfetti on the world of reading and text comprehension. Among the chapter authors are four generations of scholars and researchers who Chuck mentored, guided, and inspired to contribute to an ever-increasing knowledge base about reading processes. Other authors represent some of the many contemporaries with whom Chuck has collaborated over the years. Chuck's work on reading began a few years after he completed his Ph.D. at the University of Michigan and joined the faculty of the Psychology Department and the Learning Research and Development Center (LRDC) at the University of Pittsburgh. Now Director of LRDC, Chuck continues to play a leading national and international role in reading research and educating new reading researchers. Graduate students and post-docs with whom Chuck has worked are distributed around the globe. The topics they address reflect the multiple levels of language and the range of methodologies that characterize Chuck's scholarly work.

This book was conceived by the three of us at a conference where we had all participated in a symposium on comprehension of information from multiple texts. We reflected on our common ancestry in all having worked under Chuck's tutelage, albeit one of us (SG) a generation earlier than the other two. As we thought about the many others who had developed their research legs with Chuck's guidance, we commented on how rare it was for one individual to be engaged in research at multiple levels of language as Chuck was. While we worked at the single-and multiple-text level, many more of Chuck's descendants worked at the word and sentence level. However, dichotomizing Chuck's work in this way seemed to us to miss his overarching concern in elucidating the interplay between word, sentence, and text meaning. Indeed, in the mid-1970s Chuck was publishing empirical and theoretical pieces on the interactive effects of discourse-, sentence-, and word-level processes. Thus we entertained the idea of bringing together under one “roof” representative examples of the work of Chuck's students and colleagues. It seemed a fitting way to recognize the depth and breadth of the Perfetti legacy.

As we worked to develop the prospectus, we also realized that it was the 25th anniversary of the publication of Reading Ability (1985). In that book, Chuck used his seminal work on individual differences in reading to put forward verbal efficiency as a foundational process of reading skill. The argument was that readers who have effortless, automatic retrieval of word identities (meaning, spelling, pronunciation, grammatical class) will have more resources for higher-level comprehension processes, such as making inferences and understanding author perspectives. About 15 years later, with the lexical quality hypothesis, Chuck expanded the process emphasis by incorporating the role of knowledge. Lexical Quality (LQ) encompassed

the extent to which the reader's knowledge of a given word represents the word's form and meaning constituents and knowledge of word use that combines meaning with pragmatic features. Thus the vocabulary of a given language includes, for a given reader, words of widely varying LQ, from rare words never encountered to frequently encountered and well-known words.

(Perfetti, 2007, p. 359)


This word knowledge includes information about a word's orthographic, phonological, and grammatical properties and its meaning.

In parallel with the emphasis on word-and sentence-level processes, Chuck nurtured a deep interest in the processes that characterize naturalistic text comprehension and learning. Just a few years after the publication of Reading Ability, Perfetti's lab was busy with projects ranging from the role of phonology in word identification in several languages (including English, Hebrew, and Chinese), to the role of prior knowledge and vocabulary in text comprehension, and even to an emerging new field, namely reasoning with and about multiple texts as part of problem-based learning activities. This diversity of approaches to reading was a reflection of Chuck's intuition that a full understanding of the cognitive bases of reading literacy requires a multilevel approach that considers not just words but also sentences and full pieces of integrated discourse as units of processing and representation. Thus, the focal points of Chuck's work for the past 45 years have been the role of orthographic, phonological, and grammatical processes in text comprehension, effects on understanding and learning of interactions among multiple levels of language, and elucidating sources of individual differences in reading skill.

The extensive list of publications, presentations, and positions of national and international leadership indicate the widespread influence of Chuck's work. He has published over 130 refereed journal articles in the top-ranked journals in the fields of reading, cognition, and language; 75 book chapters; two books; and five edited books. Although Chuck has spent his entire career in one place, he has been a visiting scholar at several prestigious institutions: for example, the Max Planck Institute and the Netherlands Institute of Advanced Studies, the Netherlands; University of Auckland, New Zealand; University of Sussex, U.K. He received the University of Pittsburgh Chancellor's Distinguished Research Award (2000) and the Distinguished Scientific Contribution Award of the Society for the Scientific Study of Reading (2004). He has taken part in numerous editorial boards and conference scientific committees over the years.

We were fortunate to secure contributions to this volume that allow us to illustrate the depth and breadth—theoretically, empirically, and methodologi-cally—of Chuck's influence on the world of research on cognitive processes of reading and dimensions of reading skill. Some of the contributors were students or post-docs with Chuck at LRDC: Iris Berent (Ph.D. 1993), Anne Britt (Ph.D. 1991, post-doc 1991–1993), Susan Goldman (Ph.D. 1978), Nicole Landi (Ph.D. 2005), Rob Mason (B.S. 1992), Deborah McCutchen (Ph.D. 1985), Jean-François Rouet (post-doc 1991–1993), and Julie Van Dyke (Ph.D. 2002). Other authors collaborated with Chuck to develop projects or theoretical constructs focused on understanding individual differences in reading skill: Sally Andrews and Gemma Reynolds (School of Psychology, University of Sydney), Marcel Adam Just (Carnegie Mellon University), Walter Kintsch (University of Colorado), Jane Oakhill (University of Sussex) and Kate Cain (Lancaster University), Donald Shankweiler (Haskins Laboratory, Yale University), Paul van den Broek (Leiden University, University of Minnesota), and Ludo Verhoeven (Radboud University Nijmegen). Our discussants are Jenny Wiley, a graduate student at LRDC (Ph.D. 1996), and her advisor, James Voss, one of Chuck's very first faculty colleagues at LRDC.


Reference


	Perfetti, C. A. (1985). Reading ability. New York: Oxford University Press.

	Perfetti, C. A. (2007). Reading ability: Lexical quality to comprehension. Scientific Studies of Reading, 11(4), 357–383.



Overview

The chapters are ordered in a way that roughly reflects the hierarchy of processes involved in dealing with written materials, from the lower-order phonological and orthographic processes to higher-order coherence-building, inferencing, and interpretation processes.

In Chapter 1, Iris Berent addresses the question of why phonology is central to reading. She considers the relationship between new cognitive systems and their predecessors in ontogeny and phylogeny. A central assumption is that any novel aspects of human cognition recycle ancient, inborn knowledge systems. Berent's chapter demonstrates that phonological grammar is a universal system of human knowledge.

Nicole Landi, in Chapter 2, emphasizes that reading builds upon spoken language and requires processing and integration of the orthographic, phonological, and semantic information encoded within a word. How children perform this task is influenced by their basic linguistic ability, the quality of the overlapping word representations they have built thus far, and the context in which the word is situated. Landi reviews and synthesizes the extant literature on how these variables affect word learning and discusses the contribution of basic behavioral and cognitive neuroscience approaches to understanding how children learn to read new words.

In Chapter 3 Ludo Verhoeven discusses the acquisition of reading in Dutch, a language with a more regular orthography than English. Verhoeven focuses on the development of reading speed and accuracy, as well as the relationship between decoding abilities for different word patterns. In addition, he examines the role of morphology in learning to read. He concludes with some implications for educational practice.

Deborah McCutchen switches, in Chapter 4, to a focus on reading instruction. She describes an intervention study designed to enhance teachers' knowledge of the role of phonology in reading. The rationale for this intervention is based in a theory of change that recognizes the role that explicit instruction and therefore teachers play in early reading instruction. Teachers participated in a 10-day summer institute focused on phonological aspects of reading. Throughout the ensuing academic year, learning was assessed for students of intervention teachers as well for same-aged peers in classrooms of teachers who had not participated in the intervention. Students in intervention classrooms scored significantly higher than those in the control classrooms on multiple literacy measures.

Interactive processes in reading are the focus of Sally Andrews and Gemma Reynolds in Chapter 5. They report on a study that used eye-movement measures to investigate how top-down and bottom-up processes interact during skilled sentence reading. University students were assessed on measures of reading, spelling, and vocabulary, and read sentences that factorially manipulated contextual predictability and lexical co-occurrence probability. Results showed an additive relationship between these factors across both early and late eye-movement measures implying that contextual predictability and local lexical co-occurrence exert independent effects on sentence processing. However, these effects were modulated by individual differences: higher lexical quality (Perfetti, 2007), indexed by vocabulary and spelling ability, was associated with reduced effects of contextual predictability.

In Chapter 6 Walter Kintsch explores the question of whether what we know about computer models for natural language understanding might allow us to make interesting conclusions about human language understanding. The question is addressed through a review of Latent Semantic Analysis (Landauer & Dumais, 1997) and the Topic Model (Griffiths, Steyvers, & Tenenbaum, 2007), as well as a recent extension thereof (Kintsch & Mangalath, 2011). Kintsch argues that these systems can give us hints about the information that must be available in long-term memory, at a minimum, to make language understanding possible. The argument is made that latent semantic structure is not sufficient, and that more detailed information must be available about how language is used.

In Chapter 7 Jane Oakhill, Kate Cain, Diana McCarthy, and Zoe Nightingale consider the relation between children's depth of vocabulary knowledge and their reading comprehension. They assessed depth by the ability to produce and evaluate synonyms and superordinate terms (hypernyms). They found that both accuracy and speed of semantic access to vocabulary knowledge were related to reading skill (word reading and comprehension). They discuss the need for additional work to examine how depth of vocabulary (as opposed to breadth) might support comprehension by enabling children to identify relations between words in text, which underpin inference and gist extraction.

Julie Van Dyke and Donald Shankweiler, in Chapter 8, revisit Charles Perfetti's (1985) assumption that the subprocesses of comprehension must be maximally efficient in order to preserve memory capacity for higher-order language operations. Based on empirical data and a computational architecture, they show that many of these higher-order operations are in fact not so costly because they operate via a content-addressable direct-access retrieval mechanism. Therefore, the amount of retrieval interference, as opposed to memory capacity, determines comprehension success. Their view is consistent with Perfetti's work emphasizing the Lexical Quality Hypothesis.

In Chapter 9 Paul van den Broek, Anne Helder, and Linda Van Leijenhorst introduce the concept of a reader's sensitivity to structural centrality (SSC), i.e., the extent to which a reader identifies and processes information that is central to the semantic structure of a text, as an indicator of comprehension skill. Through a review of their and other researchers' work, the chapter describes how this construct can be measured, how it can be used to understand developmental and individual differences in reading comprehension skills, and how it can aid in the development of educational interventions.

Turning to the cognitive neuroscience methodologies, Robert Mason and Marcel Adam Just point out in Chapter 10 that the diverse cognitive processes that participate in text comprehension are supported by highly interactive cortical networks. They demonstrate that a factor-analysis approach to examining the time course of the hemodynamic responses enables specification of underlying cognitive processes during comprehension. This novel technique can be applied across diverse discourse experiments and has the potential utility of examining individual differences in reading ability.

In Chapter 11 Anne Britt, Jean-François Rouet, and Jason Braasch highlight the contribution of the Documents Model Framework (Britt, Perfetti, Sandak, & Rouet, 1999; Perfetti, Rouet, & Britt, 1999) to research on text comprehension. The chapter elaborates on the primary assumption of the Documents Model Framework: documents are experienced and represented as “entities,” or social artifacts that can be identified through source as well as content features. The chapter identifies several factors that will likely influence whether or not readers experience documents as entities, including text and environmental factors, as well as reader goals, knowledge, and skill. The extent to which readers experience “documents as entities” plays a critical role in multiple document comprehension and processing.

Susan Goldman, Kimberley Lawless, and Flori Manning, in Chapter 12, take up the challenge incumbent on researchers of complex comprehension processes, especially when they involve multiple texts: the need to clearly specify the constructs under investigation. They argue that Evidence-Centered-Design (ECD; Mislevy, Steinberg, & Almond, 2003) is a useful tool for achieving this conceptual clarity and creating assessments that make the constructs visible in observable performance. They specifically illustrate the use of ECD to develop assessments for analysis, synthesis, and integration across multiple texts. Fifth-, sixth-, and seventh-grade students read and wrote essays about a historical topic using three texts provided to them. Essays were scored for inclusion of selected information (analysis), as well as connections inferred across texts (synthesis and integration). Three distinct approaches to completing the task were identified, suggesting different starting points for instruction.

Finally, in Chapter 13 James Voss and Jennifer Wiley bring us full circle back to LRDC/Pittsburgh roots in their discussion of the volume as a whole. Voss was at LRDC when Chuck arrived and is in a unique position to provide a well-informed overview of the evolution of Chuck's thinking and research. In addition to summaries of the chapters in this book, the Voss and Wiley chapter puts the chapters in a larger context and makes interesting connections across the various chapters.

Several of these chapters are based on talks that were presented at a Festschrift symposium we held immediately prior to the Annual Meeting of the Society for Text and Discourse in Poitiers, France on July 10, 2011 (Figure 0.1). In addition to some of the book contributors, the symposium gathered a number of scholars who knew Perfetti's work and were delighted to have the opportunity to celebrate his career. Speakers included M. Anne Britt, Peter Foltz, Susan Goldman, Art Graesser, Rob Mason, Jean-François Rouet, Paul van den Broek, and Jenny Wiley. The symposium was a happy, lively, and intellectually stimulating event, which set the tone of this book. We followed up with solicitation of chapters, reviews, and rewrites to assemble this volume. Everyone was incredibly responsive to timelines and the revision process so we could move this volume to fruition in a timely manner. Although the final product could not possibly include everyone on whom Chuck has had an impact, we hope that it provides a healthy sample of the breadth and depth of his influence. It has been a labor of joy for us.
[image: ]Figure 0.1 Cover slide of the Festschrift symposium in honor of Charles Perfetti held in Poitiers, France, July 10, 2011.
Anne Britt, Susan Goldman, and Jean-François Rouet (May 15, 2012)
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1 Reading Is Recycling—It's Human Nature

Iris Berent

DOI: 10.4324/9780203131268-1

The central processes of reading are essentially mental operations on linguistic structure that begins with visual input. Although visual processes and linguistic processes have to be taken into account, the linguistic processes may turn out to be especially important for reading ability.

(Perfetti, 1985, p. 5)


Charles Perfetti's vast contribution to the study of reading outlines a close link between reading and language. Reading, in his view, is grounded in linguistic competence. This is not to say that reading is natural language processing. On the contrary—language and reading differ in important respects (Perfetti, 1985). While language is a biological human instinct, acquired naturally and effortlessly by every human being in the course of his/her normal development, reading is a cultural invention, it is the exclusive domain of the select few, and it is typically attained only by means of intense effort and practice. Such important differences notwithstanding, reading and language are nonetheless intimately allied inasmuch as reading is a journey that departs from vision and ends up in the language system. Reading is the skill of recovering linguistic messages from print.

Much of Perfetti's work concerns the interface between reading and the language system—how readers extract linguistic structure from print. His solution to this problem was guided by a simple yet powerful insight. To navigate the abyss that separates nonlinguistic printed graphemes from the language system, readers must approximate the same path traversed by listeners. Just as all natural languages—spoken or signed—designate phonology as their point of entry, so must reading take a phonological route onto the language system. Accordingly, reading skill hinges on the capacity to extract linguistic phonological structure from print, and to do so accurately and efficiently.

Perfetti has documented the link between reading and phonology at various levels, ranging from the role of linguistic awareness in beginning reading to the rapid and automatic phonological processes in skilled readers and their breakdown in individuals with dyslexia. But this important work also leaves an outstanding question: why are the towers of reading and writing erected upon the foundations of the language system? Why is it that every fully established writing system is based on phonological principles, that skilled readers of many languages extract phonological structures from print, and that reading disability is associated with deficits to the processing of language and speech?

This chapter addresses these questions by considering the relationship between new cognitive systems and their predecessors in ontogeny and phylogeny. The link between the novel system of reading and the instinctive language system is a special case of that broader relationship. Indeed, many aspects of modern human cognition are built upon older systems of core knowledge (Carey, 2009; Spelke, 1994). For example, the complex mathematical skills of adult humans can be traced to primitive numerical capacities shared by preverbal infants and nonhumans (Carey, 2009). These links suggest that our mind and brain recycle older cognitive and brain mechanisms (Dehaene, 2009). I assert that reading is phonological because its foundation—the phonological grammar—is an old system of core knowledge.

I outline my argument in three steps. I first briefly illustrate some of the extensive literature showing that writing and reading are phonological abilities. I next move to discuss how such late cultural creations are linked to the older systems of core knowledge. I propose that phonology—the basis of reading and writing—is an innate system of core knowledge, and I offer experimental evidence that supports this assertion. The link between reading and phonology, in turn, demonstrates how core knowledge serves as the scaffold for cultural invention. Viewed from the broad perspective of neural recycling, this conclusion informs not only our understanding of reading but also an account of phonology itself.


Reading and Writing Are Phonological Abilities

Reading and writing are phonological abilities. Every fully developed writing system uses visual symbols to encode phonological units (DeFrancis, 1989; Rogers, 2005). The precise phonological units coded by the orthography vary: English graphemes encode phonemes fully; Hebrew registers mostly consonants (see (1), below); Chinese uses syllable-size characters, so word-length depends on the number of syllables, not morphemes; and Hangul, the Korean orthography, marks subphonemic features, such as the contrast between tense and lax consonants (e.g., t vs. tt). But despite those differences in detail, the encoding of some phonological constituent is universally expressed in every known writing system that is fully developed.

	
Phonological codes in writing systems

	
Hebrew encodes mostly consonants patar

pater רתפ (“he solved”)

pitron ןורתפ (“solution”)


	
Chinese characters correspond to syllables, not morphemes (examples from Rogers, 2005)

	
Monosyllabic words are expressed by a single character

wŏ 我 (“I”)

hăo 好 (“good”)


	
Disyllabic monomorphemic words are expressed by two characters

hú dié 蝴蝶 (“butterfly”)

shān hú 珊瑚 (“coral”)


	
Disyllabic dimorphemic words are expressed by two characters

tiě lù 鐵路 (“railway” = tiě, “iron” + lù, “road”)

zì diăn 字典 (“dictionary” = zì, “character” + diăn, “standard”)




	
Hangul marks the feature contrast between tense and lax consonants

t ㄷ

tt ㄸ





The phonological basis of writing is not merely the relic of a single isolated historical accident. In fact, phonologically based writing systems emerged independently at least three times in the course of human history (Rogers, 2005). Moreover, this phonological design is recapitulated on a regular basis in the spelling systems that are invented spontaneously by individual children (Chomsky, 1976; Read, 1971; Treiman & Cassar, 1997). While the precise phonological distinctions expressed by the child differ from those encoded by adults—some spellings fail to specify phonological distinctions marked in the adult system, whereas others over-specify distinctions ignored in conventional orthography (2), those “spelling errors” are remarkable because they are based on phonology. So in essence, those spontaneous spelling inventions reflect the child's discovery of her tacit phonological knowledge. By recapitulating the phonological design of conventional writing systems, children's spellings demonstrate that the phonological design of writing is an active productive instinct.


	
Phonological codes in invented spellings (from Read, 1971)


	
Under-specification of vowel tenseness

FEL (feel)

FES (fish)


	
Over-specification of affrication

CHRIE (try)

JRGAIN (dragon)





Not only do writing systems universally rely on phonological codes, but reading invariably extracts them. The mandatory reliance of reading on phonology is not restricted to an early stage of reading acquisition nor is it confined to the so-called “shallow orthographies”—systems like Spanish and Italian, where the link from orthography to phonology is systematic and transparent. Rather, phonological decoding is a universal property of reading itself. Perfetti has captured this conclusion in his Universal Phonological Principle (Perfetti, Zhang, & Berent, 1992) and demonstrated it in numerous studies.

For example, a pivotal set of papers shows that skilled English readers extract phonological codes under severe masking conditions (Perfetti, Bell, & Delaney, 1988; Perfetti & Bell, 1991). Participants in these experiments are briefly presented with printed words and then they are asked to report them back. These conditions render word identification extremely difficult. Not only is the target word presented for a fraction of a second (e.g., 30 ms) but it is further “sandwiched” between several interfering displays—it is preceded by a string of letters (XXX) and followed by a second string (a nonword mask; see (3)). But remarkably, readers nonetheless manage to extract phonological codes from print.


	
Phonological masking effects
	
Target:
	
make

	
Phonological mask:
	
maik

	
Graphemic mask:
	
malk

	
Control:
	
perg





The evidence comes from the comparison of different types of nonword masks. The phonological and graphemic masks (e.g., maik, malk) are both nonwords, matched for their letter-similarity to the target (make), but they differ on their phonological overlap: the phonological mask maik fully reinstates the target's phonological form whereas the graphemic control (malk) does not. So if people rely on phonology in reading the target, then its full reinstatement (by the phonological mask) is expected to improve identification relative to the graphemic control. This is precisely what was found. Subsequent studies have documented such effects of brief masked priming even in Chinese (Perfetti & Zhang, 1991), and even when phonological decoding was strongly discouraged by task demands (e.g., because the task required participants to judge the meaning of maik, not its sound; Perfetti & Zhang, 1995).

And if phonology is critical for skilled reading, then it stands to reason that deficits to the extraction of phonological representations will be associated with reading disability. This prediction is borne out by a large body of research showing that individuals with dyslexia present a host of deficits to the processing of spoken language (Mody, Studdert-Kennedy, & Brady, 1997; Ziegler, Pech-Georgel, George, & Lorenzi, 2009). Individuals at high risk for dyslexia manifest those deficits already at infancy (Leppänen et al., 2002) and exhibit changes to phonological substrates in the brain (Bolger, Perfetti, & Schneider, 2005). Existing research does not make it clear whether those deficits are specific to speech (Mody et al., 1997) or whether they originate from lower-level deficits to the processing of auditory stimuli (Galaburda, LoTurco, Ramus, Fitch, & Rosen, 2006; Tallal, 2004), and it does not preclude other deficits that are purely visual (Stein & Walsh, 1997). Nonetheless, the findings do establish a strong link between phonological skills, writing, and reading.


Why Is Reading Phonological? The Core-Knowledge Hypothesis

Why are reading and writing linked to phonology? Why does every established writing system use phonological principles and why is a phonological design recapitulated in invented spellings? Why do readers decode phonological structure from print, and why are failures to process spoken language associated with dyslexia?

In what follows, I address those questions from a broader perspective that links late-emerging knowledge systems to their ontogenetic and phylogenetic predecessors—systems of core knowledge (Carey, 2009; Spelke, 2000). Coreknowledge systems are specialized systems of knowledge. Their most important characteristic is their universal design. It provides all humans with shared early knowledge despite marked variations in their experience. For example, all healthy infants know that objects are cohesive entities that move by contact (Spelke, 1994). These rudimentary principles of knowledge are likely to have been favored in evolution because they subserve tasks that benefit their carriers and exhibit a design that fits their function. For this reason, core knowledge is innate, in the sense that it emerges in the normal course of development, but it is not the product of learning mechanisms that take environmental input as evidence (Carey, 2011; Samuels, 2007). Core knowledge, however, also plays a critical role in the acquisition of knowledge in later development. Indeed, many late-emerging bodies of knowledge are shaped by primitive core knowledge.


	Some properties of core-knowledge systems
	Core knowledge manifests a unique universal design that is largely invariant across individuals despite wide variations in experience.

	Core-knowledge systems are likely to be active in early development.

	Core-knowledge systems are likely to manifest an adaptive design.

	Core knowledge lays the foundation for cultural inventions.




Consider, for example, the relation between the core knowledge of numerocity and mathematics (Carey, 2009). All healthy infants are equipped with rudimentary knowledge of number that allows them to encode the precise size of sets of up to four objects. As children grow up, they eventually acquire a system of natural numbers. Unlike its predecessor, this later-emerging system can represent the cardinal value of any integer in a precise and reliable fashion: the value of 100 000 is distinct from 100 001, and the difference is precisely the same as that between 0 and 1. And unlike the core number system, natural numbers are also not universally acquired by all humans (Gordon, 2004). But the two systems are nonetheless linked inasmuch as the later-emerging system of natural numbers develops on the heels of its evolutionary predecessor (cf. Carey, 2009; Gelman & Gallistel, 2004). In this way, the core-knowledge system provides the scaffolds for subsequent learning.

The link between phonology and reading can be explained along similar lines. Like the early number system, phonology forms part of language—a biologically defined human capacity, and as such, phonology plausibly reflects core knowledge. Reading, on the other hand, is a cultural invention erected upon the core phonological system. The link between phonology and reading potentially illustrates a broad tendency of human minds and brains to recycle old evolutionary mechanisms in the service of new knowledge (Dehaene, 2009). But this proposal faces a major obstacle. Central to this account is the view of phonology as a system of core knowledge. This claim, however, is highly controversial. Most psychologists believe that phonological knowledge can be adequately captured by simple domain-general mechanisms that track the statistical contingencies present in the child's linguistic experience. Even those who otherwise espouse the view of language as a specialized system tend to attribute phonological knowledge to “interface” systems (Hauser, Chomsky, & Fitch, 2002). Evidently, if phonology is not specialized core knowledge, then the phonological basis of reading cannot reflect the recycling of an innate specialized system either. As I demonstrate next, however, a growing body of research in modern linguistic theory and experimental phonology suggests that this widely shared belief must be revisited.


Phonology Is a System of Core Knowledge

Unique design is the hallmark of a specialized biological system. So to the extent that phonology is, in fact, a special system of human minds and brains, then one would expect the phonological systems of all languages to exhibit shared design properties. Such design, moreover, is likely to be adaptive—one that improves the transmission of phonological signals along the human vocal tract and perceptual apparatus, and like other systems of core knowledge (see (4), above), core phonology is expected to emerge in early development and provide the scaffolds for the later-emerging systems of reading and writing. Phonological systems, as I show next, indeed exhibit all these features.

The possibility that phonological systems manifest shared design has long been suggested by typological observations (e.g., Greenberg, 1978; Jakobson, 1962). Cross-linguistic comparisons demonstrate that certain linguistic structures are systematically preferred to others—they are more frequent across languages and they are more likely to result from productive phonological processes. For example, syllables beginning an onset (e.g., ba) are preferred (indicated by ≻) to onsetless syllables (e.g., ba≻a), syllables with a simple onset are preferred to ones with a complex onset (e.g., ba≻bla), and open syllables are preferred to syllables ending with a coda (e.g., la≻lab) (Prince & Smolensky, 1993/2004).

While such tendencies are widely documented, their source remains contentious. And indeed, typological regularities might emerge for a host of reasons that are unrelated to the phonological grammar per se. Such patterns might result from historical factors, coupled with the constraints imposed by the subsidiary production and auditory systems. For example, ba might be more popular than bla because ba is easier to produce and it can be perceived more readily, and for these reasons, ba is more likely to survive the process of language transmission across generations (Blevins, 2004; Mattingly, 1981; Ohala, 1990).

But according to an alternative view, cross-linguistic preferences reflect constraints on the organization of the phonological grammar itself. According to one influential phonological theory, Optimality Theory (Prince & Smolensky, 1993/2004), the phonological grammar includes a set of universal constraints on well-formedness called markedness constraints. One constraint (Onset) requires all syllables to manifest an onset. Consequently, the syllable ba (which satisfies this constraint) is unmarked (i.e., better formed) relative to the more marked a (a syllable which violates the Onset constraint). While all markedness constraints are violable (either by other markedness constraints or by a second set of constraints that enforce the faithful encoding of inputs by the grammar), these constraints, by hypothesis, are universal—they are active in all grammars. So if some markedness constraint favors structure A over structure B, then the A≻B preference should be universally active in all grammars, regardless of whether the relevant structures (A and B) are both present in the language or are absent.

These considerations suggest two alternative explanations for the relation between the typological facts and ease of processing in auditory perception and production—the so-called “functional” factors. Consider, again, the hypothetical A>B preference. According to Optimality Theory, the grammars of all speakers include markedness constraints that favor structure A over B. To the extent that A is also easier to process, the convergence between markedness and function could have a phylogenetic explanation—a functional preference for A could have biased the design of the human language system during language evolution in a manner that favors structure A. Alternatively, the grammatical preference for A could explain its functional advantage. Indeed, if A is better formed than B, then A should be more readily computable by the grammatical “hardware,” and for this reason, it should be more readily processed by speakers. So while processing preferences are undeniable, such facts are open to several explanations, either purely functional, purely grammatical, or mixed (see (5), below). For these reasons, one cannot a priori assume that the correlation between typological facts and functional pressures implies a functional causation—universal grammatical forces could well be at play.


	
What is the source of typological regularities?

Assume that, across languages, A≻B. This observation is compatible with three explanations:

	Purely functional. A is easier to produce and perceive than B.

	Purely grammatical. A is better formed than B, and for this reason, it can be represented more faithfully than B.

	
Mixed.

	The grammar is functionally grounded—it favors constraints that satisfy phonetic pressures.

	Ease of processing is jointly determined by grammatical and functional sources.






But how can one dissociate grammatical and functional explanations? How are we to determine whether the language system does in fact include universal phonological constraints? In what follows, I address this question using a single case study. After briefly introducing the relevant facts, I proceed to describe how the role of universal grammatical constraints can be evaluated using an experimental methodology.


A Case Study: The Restrictions on Sonority

To demonstrate that the role of grammatical universals is a question amenable to experimental investigation, let me discuss in detail the results from a single case. The case concerns the restrictions on complex onsets (e.g., block). Although, as noted above, complex onsets are generally dispreferred to simple onsets, many languages tolerate syllables with complex onsets: English allows blof, but not lbof, whereas in Russian, both types of syllables are attested. While languages greatly differ in the type of syllables they allow, certain onsets are systematically preferred to others: onsets such as bl are preferred to bn, which, in turn, are preferred to bd; at the bottom of the hierarchy are onsets such as lb (see 6, below). Indeed, an analysis of diverse language samples shows that the onset hierarchy correlates with the frequency of the onset across languages (Berent, Steriade, Lennertz, & Vaknin, 2007). Moreover, languages that tolerate the lesspreferred onsets (e.g., lb) also tend to allow the more “popular” ones (e.g., bd, bn, bl).


	
The onset hierarchy:

bl≻bn≻bd≻lb




Linguistic theory attributes those regularities to the sonority of onset consonants (e.g., Clements, 1990). Sonority (s) is a phonological property that correlates with the loudness of segments—the most sonorous (loudest) consonants are glides (e.g., y, w, with a sonority level of 4), followed by liquids (e.g., l, r; s = 3), nasals (e.g., m, n; s = 2), and obstruents (e.g., b, p, v, f; s = 1) (Parker, 2008). Accordingly, onsets such as bl manifest a rise in sonority (from the obstruent to the liquid, ∆s = 2), bn has a smaller rise (∆s = 1), bd manifests a sonority plateau (∆s = 0), and lb falls in sonority (∆s = –2). These sonority profiles capture the onset hierarchy shown in (6): large sonority distances are preferred to smaller distances (including negative distances)—the larger the distance, the more frequent the onset. The systematicity of sonority preferences across languages could reflect universal grammatical restrictions on sonority—the smaller the sonority distance, the more marked (i.e., worse formed) is the onset. Our question here is whether this constraint is, in fact, active in all grammars.

To address this question, one can design a test from the poverty of the stimulus. Consider a language L in which some portion of the onset hierarchy is unattested. If the sonority hierarchy is universally represented in all grammars, then speakers of L should exhibit systematic grammatical preferences for such onsets, despite not having ever heard them before. In what follows, we probe for such grammatical preferences.

Our investigation gauges the markedness of onsets from the pattern of their correct identification. The rationale is simple: if marked onsets violate putative grammatical constraints, then marked onsets should be less likely to be faithfully encoded by the grammar. Instead, such onsets will undergo recoding (i.e., repair) as better-formed onsets—the more marked the onset is, the more likely it will be repaired. While repairs can acquire multiple forms, one frequent form of repair inserts a schwa between the onset consonants (e.g.,/lbif/→/l∂bif/). So to the extent that speakers possess universal grammatical constraints on onset structure, then these constraints should lead to systematic grammatical illusions—syllables with marked onsets should be misidentified. Assuming further that marked onsets are repaired by epenthesis (e.g.,/l∂bif/→/lbif/), then we can further predict that monosyllables with marked onsets will be misidentified as disyllabic, and the proportion of misidentification should be monotonically related to markedness.


Speakers Are Sensitive to the Structure of Onsets That Are Unattested in Their Language

My colleagues and I have tested this prediction in various languages that differ systematically on the range of sonority-related evidence they present to their speakers (7) (Berent et al., 2007; Berent, Lennertz, Jun, Moreno, & Smolensky, 2008; Berent, Lennertz, & Rosselli, 2011b). We began our investigation with English—a language with many onsets with large sonority rises (e.g., block, twin). While English does not systematically tolerate smaller distances (e.g., bn, bd, or lb), it does manifest a handful of exceptions, all with s- initial onsets (e.g., spot). Spanish, however, disallows those s- initial onsets, so its onset inventory is narrower than English. Finally, Korean has yet a narrower onset inventory, as this language disallows onset clusters altogether (Kim & Kim, 1991).


	
(7) Onset inventories in three languages
		
bl
	
sn, sp, st
	
bn, bd, lb

	
English
	
+
	
+
	
-

	
Spanish
	
+
	
-
	
-

	
Korean
	
-
	
-
	
-





Participants, native speakers of each of these languages, were presented with the same list of auditory materials (see (8)). In each trial, people heard a single word—either a monosyllable or a disyllable—and they were asked to determine whether the item had one syllable or two. The crucial manipulation concerns the structure of the monosyllables—these had an onset with either a sonority rise, plateau, or fall in sonority: onsets that are unattested in all three languages. Of interest is whether participants are sensitive to the markedness of these onsets. If they are, then as the markedness of the onset increases, people should be more likely to repair monosyllables (as disyllables), and consequently marked monosyllables should be systematically misidentified as disyllabic. The results from all three languages were consistent with this prediction (see Figure 1.1). Similar findings were also obtained with a variety of materials, with additional experimental procedures (e.g., an AX discrimination) with both adults and young children (e.g., Berent et al., 2007; Berent, Lennertz, Smolensky, & Vaknin-Nusbaum, 2009; Berent, Harder, & Lennertz, 2011a).
[image: ]
Figure 1.1 Response accuracy (proportion errors) of English, Spanish, and Korean speakers in the syllable count task.

Notes

	Mono = monosyllables; di = disyllables.

	Error bars are confidence intervals for the difference between means.

	Data from Berent et al. (2007, 2008, 2011b).



	
(8) An illustration of the materials in the syllable count task
	
Sonority rise
	
bnif
	
benif

	
Sonority plateau
	
bdif
	
bedif

	
Sonority fall
	
lbif
	
lebif






Speakers Are Sensitive to the Markedness of Unattested Structures

The results reported so far suggest that speakers of different languages converge on their responses to onsets that they have never heard before—the more marked the onset, the more likely they are to misidentify the monosyllabic input as disyllabic. This conclusion is consistent with the possibility that marked onsets are repaired—a reflex of their grammatical structure. But such differential responses might also occur for a host of unrelated reasons.

One trivial reason for misidentification has to do with the quality of the materials themselves—perhaps lbif-type items were in fact disyllabic-like, and it is the acoustic properties of the stimuli, not the listener's grammar, that leads to their misidentification. To address this possibility, we presented the same items to speakers of Russian—a language in which all onsets are tolerated. But, as expected, Russian speakers had no trouble identifying those monosyllables as such (Berent et al., 2007), suggesting that misidentifications reflect not stimulus artifacts, but rather their mental representation.

Another possibility attributes the misidentification of marked onsets to lexical analogies. While English speakers, for instance, have not heard onsets such as bnif, they are familiar with syllables like block and snow, so their preference for bnif might reflect their analogy to attested English onsets. The findings, however, are inconsistent with this possibility. First, step-wise linear regression analyses showed that the preferences of English speakers remained reliable even after controlling for various statistical properties of the materials (Berent et al., 2007). More importantly, the preferences for unmarked onsets obtain even with Korean speakers—speakers whose linguistic experience provides them with no evidence concerning onset clusters at all (Berent et al., 2008). Auxiliary analyses further confirmed that the preferences of Korean speakers are inexplicable by various other properties of their own language and their familiarity with English as a second language.

The third, and most worrisome, possibility is that the misidentification of marked onsets is due to phonetic reasons. Perhaps people fail to register the phonetic properties of marked inputs. lbif, for instance, might have phonetic attributes that render it similar to lebif. So their confusion results not from grammatical repair—an active process that recodes the marked lbif as the betterformed lebif—but rather from the passive failure to register the input lbif in the first place. Again, this possibility is countered by numerous observations. One line of reasoning shows that the misidentification of marked auditory inputs can be alleviated once people attend to their phonetic forms, and once they do so, marked onsets are encoded as accurately as their less marked counterparts (Berent et al., 2007; Berent, Lennertz, & Balaban, 2012). Stronger evidence yet is presented by experimental results, showing that the misidentification of marked onsets persists even when people face no auditory difficulties whatsoever, as the materials are presented in print, in silent reading tasks (Berent et al., 2009; Berent & Lennertz, 2010).

Together, these observations suggest that the systematic misidentification of marked onsets is not simply due to a passive inability to register phonetic inputs, nor is it driven by lexical analogy. By elimination, then, I conclude that misidentification reflects an active recoding, driven by grammatical constraints that are not learned from experience. This conclusion is consistent with the hypothesis that grammatical phonological restrictions might be quite broad, perhaps universal.


Other Arguments for Core Phonology

The possibility that all grammars share universal restrictions on sonority sequencing indicates that phonological systems converge on their design, despite marked variations in linguistic experience. These observations, however, do not mean that experience is irrelevant to the configuration of core knowledge. Biology presents us with countless illustrations that nature is expressed via nurture (Ridley, 2003). Even birdsong—the quintessential exponent of innate constraints on species-specific vocal communication—is deformed when birds are devoid of relevant experience. The argument for innateness is not that these traits are immune to experience, but rather that they converge on the same design despite marked variations in experience and in the absence of opportunities to learn them from environmental evidence. And indeed, while Zebra finch “isolates” exhibit a deformed song, across generations, those songs have been shown to converge on the typical species-specific song pattern that these birds have never actually experienced (Fehér, Wang, Saar, Mitra, & Tchernichovski, 2009). Sonority restrictions might reflect such innate constraints on the design of linguistic sound patterns.

These putatively innate constraints, however, are not confined to speech. Similar sonority restrictions have been documented even in signed languages (Sandler, 1993). For example, like spoken languages sign languages favor syllables that begin with a large rise in sonority. Nonetheless, signed and spoken languages also differ in important respects (Sandler & Lillo-Martin, 2006). So while phonological systems share some of their design, the emergence of this design is informed by experience, and for these reasons, spoken and signed inputs eventually lead to distinct phonological systems.

Experience, however, is not sufficient to explain the convergence in design. A striking demonstration of this fact is presented by the observation that a phonological system can emerge spontaneously, in a community of deaf individuals (Sandler, Aronoff, Meir, & Padden, 2011). Similarly, kernels of phonology have been shown to spontaneously emerge in home signs—the communication system among deaf children and their non-signing family (Brentari, Coppola, Mazzoni, & Goldin-Meadow, 2012). The spontaneous emergence of phonological design, its similarity to the design of existing phonological systems, on the one hand, and its dissimilarity from the design of non-phonological auditory systems (e.g., music), on the other, all suggest that phonological patterning is a true human instinct, guided by a system of core knowledge (Berent, 2013).


Conclusion

This chapter addresses the question of why reading and writing are persistently phonological. The answer, I suggest, ultimately lies in the design of the phonological system itself. The evidence reviewed in this chapter suggests that phonology is a system of core knowledge. Phonological systems share universal design that is evident early in life, it manifests spontaneous regenesis, it is partly robust with respect to input modality (speech or gestures) and it differs from nonlinguistic auditory systems such as music. And since novel cognitive systems tend to recycle older brain mechanisms (Dehaene, 2009), the core phonological system (along with the visual system; Dehaene & Cohen, 2011) likewise forms the basis for the cultural discovery of writing and reading.

The link between phonology and reading pays back an outstanding debt that reading research owes to linguistics. For many decades, reading research has underscored the phonological basis of reading ability, and Charles Perfetti's work has been instrumental in supporting and diffusing this important message. But the phonological design of reading also informs our understanding of language. The role of phonology as a cognitive scaffold offers important support for the view of phonology as a core knowledge system. So perhaps now, over 25 years after the publication of Reading Ability, it is time to recognize not only the debt that reading research owes to linguistics but also the returns it offers to the study of phonology. This yield is quite profitable.
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