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Introduction
Increasingly, language studies require large sets of data documenting how languages are acquired and used by different populations of speakers. Even studies which document individual speakers acquiring a first language involve significant amounts of data which must be collected, transcribed and analyzed. These demands impose significant challenges on any research project, given both the time and costs involved. To address such challenges systematically, scholars must develop and apply rigorous data formats in ways that warrant scientific study, and they must analyze the resulting data using computer-assisted methods that ensure consistency across large sets of data. To optimize this highly technical and resource-intensive research, it is important to make corpus data and analytic software publicly available and easy to analyze. 

In this article, we describe how these objectives have been attained for the study of phonetics and phonology through the creation of the PhonBank database project within the larger TalkBank system.[footnoteRef:1] To situate this discussion, we begin with an overview of the Open Science movement and the principles it promotes. We then briefly overview the TalkBank system, currently the largest public resource for the study of spoken language. TalkBank includes 14 components, one of which is the PhonBank project, whose focus is on phonetic and phonological aspects of speech, especially in the areas of acquisition and developmental disorders. Through use of the Phon software program, PhonBank supports several types of research based on phonetic transcriptions. It also supports acoustic analysis, central to the study of developmental phonetics, sociophonetics and the elaboration of acoustic models of speech. Here, we provide examples of the types of phonetic, phonological and acoustic analyses we can perform with Phon. We then offer an outlook on how current work on the integration of PhonBank with other TalkBank components can further contribute to linguistic research. [1:  The early development of Phon has benefited from funding from the Social Sciences and Humanities Research Council of Canada between 2004 and 2007 (grant #410-2004-1836) as well as from a 2006 Petro-Canada Young Innovator Award. PhonBank has received continuous funding from the National Institutes of Health since 2006 (R01 HD051698, R01 HD051698-06A1, R01 HD051698-11, R01 HD051698-16). We are grateful to all researchers, speech clinicians and students who are supporting PhonBank through data sharing, and indebted to every person and organization who has contributed resources and feedback toward the development of Phon.] 


The Open Science movement
The challenges described above for linguistic research are comparable to those affecting virtually all types of empirical research based on large samples of empirical facts. In addition to these challenges, researchers must also deal with considerations regarding ethics, collaboration, and replicability. Tackling these challenges, scientists across different disciplines worldwide have banded together to create the Open Science movement (https://www.cos.io/), following inter-related goals such as: 
· Transparency in experimental methodology, observation, and collection of data
· Public availability and reusability of scientific data
· Public accessibility and transparency of scientific communication
· Using web-based tools to facilitate scientific collaboration
The TalkBank system offers a concrete example of Open Science. We overview this system in the next section, as it provides the necessary context to describe PhonBank in more detail.

The TalkBank system as an early example of Open Science
Since its inception, TalkBank (https://talkbank.org) has made both linguistic datasets and the software programs required for the analysis of these data freely and openly accessible to the research community, supporting a tremendous wealth of linguistic research worldwide. TalkBank documents a rich array of languages and language behaviors across different contexts, including conversational, developmental, multilingual, and clinical areas of language and language use. The predecessor to the current TalkBank system was the foundational CHILDES project (Child Language Data Exchange System; https://childes.talkbank.org; MacWhinney, 2000). A true precursor to Open Science, CHILDES began in 1984 through an initiative by Brian MacWhinney and Catherine Snow (MacWhinney & Snow, 1985). Over time, the system added components until now reaching into 14 areas of language use.

To power the analysis of the data contained in their archives, almost all the TalkBank databases follow the standards of the CHAT format, and can be readily analyzed using the CLAN software program (Computerized Language Analysis; https://dali.talkbank.org/clan/). CLAN consists of a collection of programs to identify and quantify various aspects of language use as they are relevant to different populations of speakers. CLAN also offers analytic tools to obtain linguistic profiles for individual speakers, for example in the area of speech fluency (FluCalc) and child language more generally (KidEval) (Ratner & MacWhinney, 2018). 

However, both the CHAT format and the CLAN programs address data encoded primarily through orthographic transcriptions and annotations. As such, these resources lack solutions for the study of phonetic and phonological properties of speech. This situation began to change at the turn of the 21st Century with the inception of PhonBank, itself made possible through the invention of the Phon software program. We describe PhonBank and Phon in the next section.

The PhonBank project
The PhonBank project consists of a data repository of phonetically transcribed datasets, combined with specialized software to transcribe, annotate and analyze the data. 

Database
At the time of its inception in 2006, PhonBank was an extension of CHILDES in the areas of phonetics and phonology. Following rounds of technological development, and building on substantial data contributions from researchers and students, PhonBank was then established as an independent component of TalkBank (https://phon.talkbank.org).[endnoteRef:1] Most of PhonBank data document child language acquisition as well as developmental speech disorders as well as bilingual and second language acquisition.  [1:  The HomeBank database also focuses on areas of speech analysis, however based on different types of data and analytic means which transcend the data and methods of PhonBank. ] 


Currently, PhonBank consists of 83 individual datasets which together document 23 languages in monolingual contexts as well as 9 different language combinations (bilingual, second language development). These datasets are organized into 12,458 individual data transcripts gathered from the speech productions of 2,547 participants at ages ranging from 7 months to 17 years of age. Virtually all these datasets are transcribed both orthographically and phonetically, with the few remaining exceptions currently in progress. New, revised and/or expanded datasets are published periodically on PhonBank, especially in the areas of language acquisition and speech disorders.

In comparison to its sister components within TalkBank, PhonBank is however unique in two main respects. The first is its focus on phonetics and phonology through data transcripts and analyses powered by Phon (described below). The second concerns the fact that all PhonBank datasets can be represented in the CHAT format, and can thus be analyzed using the sets of tools offered by both Phon and CLAN. To facilitate access, each PhonBank dataset is cross-referenced within the relevant components of TalkBank. This enables systematic data descriptions based on different language measures, offering a maximally more complete picture to the researcher. For example, it is now possible to combine measures of phonological development (extracted with Phon) with measures of general linguistic productivity or lexical development (extracted with CLAN). Together these measures can be used to pursue current questions in language acquisition, for example about the role of the learner’s own developing lexicon in shaping individual patterns of speech production (e.g. Fikkert & Levelt, 2008; Rose & Penney, 2022; Stoel-Gammon, 2011). 

While parallel analyses offer multiple results that can be combined and compared, this approach does not provide access to integrated queries, making difficult the description of implicational relationships that may take place between different properties of the data. For example, one cannot yet easily run a query on given morphological constructions to extract phonological or phonetic data specific to these constructions. In a later section, we outline current work aiming at such higher-level integration of Phon and CLAN analyses. This outline builds on a brief description of the Phon software program, to which we turn next.

Phon software program
Computer-assisted analyses of phonetic and phonological data pose several technical challenges, most of which begin with the fact that few analyses of this type can be performed based on orthographically transcribed speech data. Phonetic and phonological analyses indeed focus on units such as prosodic words (e.g. number of syllables, stress, tone, depending on the language), syllable shapes and positions, phones, or phonological features, among others (e.g. Rose & Inkelas, 2011). For example, the word crocodile [ˈkɹɑkəˌda͡ɪɫ] includes three syllables each with varying degrees of stress, an onset cluster [kɹ], a full and a reduced vowel [ɑ; ə], a diphthong [a͡ɪ] and a velarized [ɫ]. These phonological units each carry rich arrays of information about places and manners of speech sound articulation, whose combination within spoken forms yield phenomena such as allophonic variation and coarticulation, the physical detail of which can also be explored through acoustic analysis. Because of technical challenges posed by the representation and analysis of phonological units, only a small number of programs exist, very few of which support analysis in more than one or a few languages. Since the late 20th Century, precursor solutions have been conceived to address this problem. However, these early solutions failed to support the data encoding standards of the International Phonetic Alphabet (IPA; https://www.internationalphoneticassociation.org/), preventing data analysis across different languages (see Rose, 2014 for a retrospective overview). 

The Phon software program was invented in 2004 to fill this gap, first in the form of a proof of concept (Hedlund & O’Brien, 2004), and later introduced to the research community as prototype software (Rose et al., 2006).[endnoteRef:2] Phon supports the building of phonological data corpora and the analysis of these data from prosodic, segmental and acoustic perspectives. Originally created to support the study of child language development, Phon can now be used for virtually all types of corpus studies based on child or adult speech data. It also includes dedicated functions for clinical analyses of speech. Phon also incorporates functions for acoustic data analysis, using libraries from Praat (https://www.fon.hum.uva.nl/praat/; Boersma & Weenink, 2020), another active open-source project within Open Science.  [2:  The early development of Phon has benefited from funding from the Social Sciences and Humanities Research Council of Canada between 2004 and 2007 (grant #410-2004-1836) as well as from a 2006 Petro-Canada Young Innovator Award. The PhonBank Project has received funding from the National Institutes of Health since 2006 (R01 HD051698 grants obtained in 2006, 2012, 2016 and 2022). We are grateful to all students, researchers and clinicians who are supporting PhonBank through data sharing, and indebted to every person and organization who has contributed resources and feedback toward the development of Phon. ] 


Within Phon, all tasks in data preparation and analyses are supported by dedicated graphical user interfaces. For example, Phon incorporates a full map of IPA symbols, including the ExtIPA set to describe disordered speech patterns. This map supplements dictionary and transliteration systems to automatically generate phonetic transcriptions based on orthographically transcribed forms in (currently) 27 different languages and dialects (including rhotic and non-rhotic dialects of English). 

Once the forms are phonetically transcribed, each transcribed phone is automatically associated to a series of (descriptive) phonological features (e.g. labial, fricative, voiced). Phon also automatically processes the transcribed forms using two specialized algorithms. The first is to label each transcribed form for its syllable-level properties. Each consonant and vowel is assigned a position within the syllable (e.g. syllable onset, nucleus, coda), and can be identified based on the prosodic properties of the syllable within which it appears, including position within the word, stress and tone (when relevant). These prosodic and segmental properties of speech sounds are automatically derived by the application, offering systematic descriptions and significant time savings to the user. The second algorithm was invented for the purpose of comparing actual speech forms against a given norm. For example, the study of child speech productions requires syllable-by-syllable and phone-by-phone comparisons of these forms against a model form. This can be seen in Figure 1 with the production of crocodile by a child who displays patterns of speech production commonly observed in the speech of English-learning children, yielding [təˈwɑtəˌdɑ] as the actual form. Using specialized algorithms, Phon dynamically generates syllable-level annotations (where blue identifies pre-vocalic consonants, red syllable peaks and green post-vocalic consonant positions) as well as phone-by-phone alignments between model (or target) and actual forms. 

[image: A screenshot of a computer

AI-generated content may be incorrect.]
Figure 1: Automatic syllabification and phone-by-phone alignment in Phon

These annotations capture the range of phenomena relevant to our understanding of such patterns. Similar target-actual comparisons can be used in other types of studies, for example to describe regional speech forms against a given standard. In sum, building on an initial orthographic transcription of a word, the user can easily derive its segmental and prosodic properties, and can conduct systematic analyses of the patterns present within the data. 

In its current implementation, Phon offers two ways to extract patterns. The first is a system of user-defined queries, for example to inventory different phones, syllables and production patterns. The second is a suite of phonological measures used primarily in studies of phonological development and speech disorders. These analyses include accuracy measures such as the Percentage of Consonant Correct measure (PCC; Shriberg, Austin, Lewis, McSweeny, & Wilson, 1997), measures of phonological complexity such as the phonological Mean Length of utterance (pMLU; Ingram, 1982), as well as general detectors for common phonological processes (e.g. velar fronting, fricative, stopping).

Finally, the query system provides a method for conducting acoustic analysis. For example, because Phon assigns phonological features to each phone transcribed, the user can formulate a query to identify mid, front vowels in stressed syllables, and to acoustically measure these vowels. In a nutshell, this avoids the use of complex scripting to identify the targets to measure, given that Phon can derive vowel classes and syllable stress directly from the transcription, as we described above. 

In sum, Phon offers significant corpus building and analysis functions in a package that offers time savings throughout the entire workflow. However, as mentioned above, these powerful functions are currently difficult to integrate with analytic functions available through CLAN. In the next section, we overview this problem and briefly describe how we are currently addressing it in the larger context of TalkBank.

Outlook: PhonBank integration within TalkBank
As mentioned above, CLAN and Phon generally operate on different units of language using different methods of analysis. While researchers can compare analytic results of analyses obtained from each of these programs, the analyses and their results cannot be easily integrated into a single set of results. To address this problem, we are currently working on an integration of both the data formats employed by each application and on methods to combine their respective analytic functions as part of a web-accessible database query system. 

This work crucially relies on a significant similarity between CLAN and Phon, the fact that both programs maintain word-by-word alignments between transcription and annotation tiers. These alignments allow for queries and analyses that combine data and annotations entered across different tiers within each application. For example, each word orthographically transcribed can be assigned a grammatical category, IPA model and actual forms, as well as a specific language, something useful in the context of mixed-language utterances. 

Building on this word-by-word alignment similarities between CLAN and Phon, we have now fully integrated the data transcripts into a single whole. We can see this new integrated data structure in Figure 2. On the main line, we see both the orthographic word forms, interspersed with CHAT codes, the latter slightly greyed out to facilitate human readability.

[image: A screenshot of a computer

AI-generated content may be incorrect.]
Figure 2: Phon record incorporating CHAT annotations and analytic tiers for CLAN

This provides a reliable basis for combining different queries and analyses supported by CLAN and/or by Phon. Toward this goal, we must abstract away from the standalone CLAN and Phon programs and query the integrated data structure illustrated in Figure 2 using a higher level of abstraction. This will be accomplished within TalkBankDB, a web-accessible tool designed to perform research over the whole TalkBank database (https://talkbank.org/DB/). In a nutshell, TalkBankDB will combine criteria relevant to both these libraries into unified queries. For example, the researchers will be able to compute phonological analyses on dysfluent forms, also in relation to their grammatical categories or any other criteria that can be retrieved through aligned word structures.
Conclusion
Through this brief article, we described the essential aspects of PhonBank and the Phon program, which we situated within the larger context of TalkBank and the CLAN program. We also outlined how we are working toward their further integration through TalkBankDB. These free and open resources support researchers and their students worldwide, all of whom are working toward a better understanding of language, language acquisition and related disorders.

We emphasize once again that none of the resources discussed in this article would exist without the active participation of researchers and students in Open Science, most concretely through the sharing of their linguistic datasets through PhonBank and other TalkBank databases. We thus invite everyone engaging in corpus-based linguistic research to embrace this communal effort through their own work, present and future.
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Figure titles

(Note: some Figures and [a] and [b] subtitles but we are treating these as part of the Figure]


Figure 19.1 Welcome window: Workspace, project list, and general settings

Figure 19.2 Language and general media folder location preferences

Figure 19.3 Project Manager

Figure 19.4 Session Editor

Figure 19.5 Session and participant information

Figure 19.6 Timeline and general segmentation settings

Figure 19.7 Record Data and IPA Lookup

Figure 19.8 Syllabification and Alignment

Figure 19.9 Template-based segmentation settings

Figure 19.10 Example query forms

Figure 19.11 Report Composer

Figure 19.12 Example analysis: PPC

Figure 19.13 Speech Analysis
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