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Abstract: This paper looks at the effects of the digital revolution on the activity of
researching and writing the history of speech communication research. Examples are
given from the author's recent work in which new findings flow from the application
of digital methods which may now seem commonplace but have come into use only
within the last twenty years. Consideration is then given to the widely-held notion
that ‘digital history’ is defined by its use of ‘big data’. It is shown that large corpora
such as Google Books and the Internet Archive already benefit our efforts as historians of speech communication research, although we should make efforts to augment
those databases, or build specialised databases of our own, with materials which target our requirements more directly. That would in turn entail developing OCR to
deal with IPA and other phonetic symbols, and an indication is given of how that can
be achieved. In conclusion it is suggested that digital methods radically reduce the
cost in time and resources of lines of inquiry which would previously have seemed
impracticable, thus changing our perspectives on what can and should be attempted
and giving us the freedom to be more adventurous in our investigations.

1

Introduction

The special focus for this workshop was announced as ‘the changing face of speech communication research; from mechanical to digital’, and of course the organisers primarily had in
mind the enormous and accelerating changes which digital technology has brought in speech
research over the last 50 years. But the theme of this paper is that the ‘digital revolution’ is
not merely an aspect of our subject-matter. In fact, the same digital revolution is transforming
the discipline of history itself, and profound changes are affecting how any of us go about
studying and presenting the history of our subject, regardless of whether our specialist field be
ancient or modern.
We are meeting today in HELDIG, Helsinki’s new Centre for Digital Humanities. Within
the range of digital humanities, ‘digital history’ is already an established discipline—though
both for digital humanities as a whole and digital history in particular there is a wide ranging
debate about their definition. But before trying to say anything about digital history in general, or asking whether there is or can be a ‘digital history’ of speech communication research,
I will begin with some specific examples from my own recent research on the period 1890–
1940 [3], calling attention to the way in which digital tools have facilitated the work.

2

Digital data and tools for the history of phonetic science

2.1 The Cardinal Vowel X-rays
Everyone now recognizes that digital imaging has had a revolutionary impact in almost every
sphere of art and science, and it is strange to reflect that less than 20 years ago librarians and
archivists were still debating its potential roles in preservation and access [8]. We will begin
with a simple example where a research finding in the history of phonetic science has been
facilitated at every step by digital image processing.
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The year 2017 is the centenary of Daniel Jones’s Cardinal Vowel system, and Figure 1 reproduces a composite print of the celebrated X-rays of vowel positions he made when the
system was devised. This image was re-photographed digitally by the author from the original
held in the Daniel Jones Papers, UCL Special Collections, housed at the time of the photograph in the National Archives at Kew. It is worth noting that only within the last decade,
self-access digital photography has become the norm in our great libraries and archives.

Figure 1. The composite positive print (probably c. 1930) of Daniel Jones’s Cardinal Vowel X-rays
made in 1917 (re-photographed digitally by the author from the original held in the Daniel Jones Papers, UCL Special Collections).

The original X-rays were made in 1917, but it is probably not widely realized that having
included some of them in his papers of 1917 and 1918, Jones did not then republish any of the
X-rays for more than 30 years. They eventually reappeared in the form of the familiar frontispiece, initially in his smaller work The Pronunciation of English, 3rd edition (1950) and then
finally in the reprint of the eighth edition of the Outline of English Phonetics in 1957, by
which time they were 40 years old. Moreover, the X-ray of Cardinal Vowel number 4, [a],
though it had been made in 1917 like the others, did not appear anywhere until the 1950 frontispiece—and up to that point was not even acknowledged to exist.
There must have been a reason for the long delay in its publication, and presumably Jones
considered some aspect of the [a] image unsatisfactory. Examination of the four X-rays suggests that the problem might lie in the velopharyngeal area. It appears that a considerable portion has been masked off the right-hand edge of [a] compared with the other images. It is unclear whether any part of the remaining image for [a] corresponds to the velum—but if the
shadow at top right does indicate the velum, it appears to be in a lowered position. The purpose of cropping the image may be to conceal this—or perhaps to conceal just how closely
the tongue root is approaching the rear pharynx wall. The visual indication of apparent nasality would conflict with Jones’s characterisation of the vowel as ‘oral’ (not nasalised), and a
narrow constriction in the pharynx would conflict with his characterisation of the vowel as
‘open’.
The accurate tracing of images would once have required specialist graphic skills and
equipment, but is now easily accomplished digitally using a line-drawing tool on a transparent
layer in a Photoshop document. Similarly, superimposition of tracings is easily done by using
a stack of such transparent layers. Superimposed tracings were therefore made of the velum as
visible in the [i], [u] and [ɑ] images, and the resulting combined tracing placed over the [a]
image. The result is shown in Figure 2, from which it is evident that an extensive portion of
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the image of the pharynx must have been removed from [a]—enough to conceal a considerable degree of velum lowering, if that were indeed the motivation. We thus have a simple example where digital techniques which are now commonplace facilitate the forensic revaluation of research images which are a century old.

Figure 2. Daniel Jones’s X-ray image of Cardinal Vowel 4, [a], overlaid with outline tracings of the
velum position from Cardinal Vowels [i ɑ u].

2.2 Paget’s estimates of vowel resonances
As with digital imaging, so digital techniques have revolutionised the recording and processing of sound for almost every purpose. For speech researchers, the most important application is of course the analysis of speech corpora [5]. At the same time, digital preservation
and distribution make it possible to analyse legacy recordings as easily as those newly made.
Even the very earliest acoustic recordings, whether on cylinder or disc, can furnish useful
fundamental frequency data [3]. With the advent of electrical recording from 1925, very satisfactory formant tracking becomes possible. A particularly interesting category of recordings
in the present context are those which can potentially corroborate descriptions or analyses
published in the past. We will give an example bearing on the auditory analysis of vowel
quality.
In the pre-spectrographic era, numerous observers published values for ‘vowel resonances’—in modern terms, formant frequencies—estimated auditorily. Among the most sophisticated were those of Sir Richard Paget (1869–1955). Paget unhesitatingly identified two resonances in all vowels (including those back vowels where others had found a single resonance), and displayed his results graphically in a way that enabled their orderly relationship to
vowel articulation to be taken in at a glance. His chart of resonances was first published in
1922 [11] and was to reappear many times in his publications; Figure 3 reproduces the final
version from his book Human Speech of 1930 [12].
Paget’s results have been certainly recognised as remarkable anticipations of what would
later be broadly confirmed by instrumental methods. We can see at once that his resonances
are estimates of F1 and F2, and in general of the right order of magnitude for a male speaker.
But the question seems never to have been addressed of whether they might in fact be precise
estimates of Paget’s own formant frequencies. It was decided to investigate the matter by
searching for a recording of Paget from which an acoustic analysis could be attempted.
The catalogue of the British Library Sound Archive revealed a single recording of Paget,
3m 25s in duration, and evidently a tape transfer from a 78 rpm disc original. The accompanying metadata is incomplete, but the recording can be dated from the content to approximately
1930. A digitized copy was opened in SFS [6] for analysis using formanal, a formant tracker
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based on LPC polynomial roots and dynamic programming. The recording was manually annotated to select sampling points in as many tokens as possible of each vowel type. Using
Wells’s standard lexical sets [13] to identify vowels, the numbers of tokens annotated were
DRESS 15, FLEECE 11, FOOT 4, GOOSE 4, KIT 6, LOT 12, NURSE 11, SCHWA 5, START 10, STRUT
9, THOUGHT 12, TRAP 15. A script written in Speech Measurement Language (SML) [6] was
used to collect the F1 and F2 estimates from the 124 annotation points, and these were plotted
on a logarithmic scale of frequency in such a way that they could be superimposed directly on
Paget’s figure for comparison. The result appears in Figure 4.

Figure 3. Frequencies of the resonances in English (RP) vowels, as heard by Paget [12: p.86]. The
vertical bars indicate the range of observed variation.

Since the main focus of the present discussion is on the digital tools employed, only a
brief discussion can be offered here of the results obtained. Figure 4 reveals an impressive
degree of agreement between Paget’s auditory estimates and those made automatically. The
correspondence is especially remarkable for F2, where the great majority of all the observed
values lie within the ranges specified by Paget. But across the board the F1 estimates extracted
automatically are somewhat lower than those given by Paget, with the result that the frequency scale of his figure has had to be extended downwards by a further 5 semitones to accommodate them. In accounting for this, two main factors may be mentioned. First, Paget’s estimates were made on whispered vowels, whereas the automatic analysis was carried out on a
recording of normal phonated speech. A range of studies have reported higher F1 in whispered
speech than in phonated speech [9]. Second, Paget was listening to sustained vowels in isolation, whereas the instrumental estimates have been made on running speech, in which the target configurations were potentially subject to undershoot (e.g., in degree of jaw opening for
open vowels). It is entirely possible, therefore, that Paget’s estimates were precisely accurate
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for the sustained whispered vowels he was analysing, and the real mismatch is between those
decontextualized vowels and the vowels he produced in running speech.
It may be worth reminding ourselves how many digital tools and techniques played a role
in obtaining this result. The recording of Paget was located by searching a digital library catalogue. A digital audio file was supplied by file transfer. Digital tools were used to display and
annotate the file and to track the formants. More digital tools were used to collect and process
the results, and then digital image processing was used to overlay the findings on Paget’s
original figure.

Figure 4. Automatically extracted estimates of F1 (blue) and F2 (orange) plotted on Paget’s figure for
comparison with his auditory estimates. The frequency scale has had to be extended downwards by 5
semitones to accommodate the lowest F1 observations.

2.3 General purpose tools
Finally, though they have become so familiar that we are in danger of taking them entirely for
granted, we should remind ourselves of numerous general purpose digital tools that have
greatly facilitated the work of the historian. As examples we can point to online civil records
(births, marriages, deaths, census returns, etc.), digital newspaper archives, the digitized archives of major scientific journals (such as Nature), and library catalogues, especially union
catalogues such WorldCat [17]. Probably the single most indispensable tool in academic work
of any kind has become bibliographic software such as Zotero [18].
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3

Digital history

The examples just cited certainly illustrate the use of digital tools and techniques, but does the
result merit the label ‘digital history’? In fact, what is digital history?
3.1 ‘Big data’ and digital history of science
Perhaps the single most prominent and widely shared notion about digital history is that it
makes use of unprecedented amounts of information—so called ‘big data’. As a Nature article
put it, paraphrasing Jürgen Renn (b. 1956), the idea in digital history is that ‘all possible
sources of information that have come down over the millennia should be digitized and made
available in a form that allows the data to be mined beyond traditional barriers of language
and academic discipline’ [1]. Historians of science (such as Renn himself) have certainly been
to the fore in developing the general field of digital history, but the history of speech communication science forms only a tiny corner of the history of science, and as yet we would find it
impossible to point to any collection of ‘big data’ assembled with our specific needs in mind.
3.2 Data and the history of speech communication research
Study of the history of speech communication research is of course assisted to some degree by
the growth of general purpose data sources, for the simple reason that if sufficient data is digitized, more and more material of interest to us will necessarily be included. Various online
repositories now hold many billions of pages of digitized text [14]. A very large number of
printed books (one estimate puts it at 30 million) have been digitized by Google, and a subset
of these forms the Google Books Ngram collection [10], probably the best known dataset for
charting word usage over time.
The example Ngram in Figure 5 shows how mentions of ‘phonetics laboratory’ peak in
the late 1960s before beginning a decline, while mentions of ‘computer’ continue to rise. This
seems to illustrate very well that from the 1970s onwards more and more of the functions
which had once required special-purpose laboratory apparatus were taken over by computers.
We notice also the deep trough centred around 1950 in the curve for ‘phonetics laboratory’,
which surely shows the prolonged effect of the Second World War, the recovery around 1960
corresponding nicely with the resumption of the International Congresses of Phonetic Science
(the first postwar meeting was in Helsinki in 1961).

Figure 5. Frequency of mentions of ‘computer’ and ‘phonetics laboratory’ over the period 1900–2000
in the Google Books Ngram collection. (The number of ‘phonetics laboratory’ mentions has been
scaled by 20000).

While this is very suggestive, we have to concede that we do not know how much of the
relevant speech-research literature is included in the Google Books Ngram collection. The
Google Books database has also been criticised for the apparent unreliability of its metadata.
12

In a random sample of 400, [7] found metadata errors in almost 37% of books; errors specifically affecting date of publication were present in almost 1 in 10.
While the Google Books initiative appears to be losing momentum, the Internet Archive
[15] by contrast continues to grow (it presently claims 11 million volumes), and would probably now be any historian’s first recourse in the search for, say, a nineteenth-century scholarly
work or journal. Whether we want to read Willis’s seminal 1829 paper on vowels, Merkel’s
great Anthropophonik of 1857, Rousselot’s revolutionary doctoral thesis of 1891, or countless
items far more obscure, a few clicks will bring us a digital version—and it will be more useful
to us than a dusty copy brought out of the library bookstack, since in general it will have been
through OCR and the text will therefore be searchable. Hitherto, the search facilities over the
Internet Archive database have worked only on metadata, but a ‘search full text of books’
across the whole database has recently been added ‘in beta’—and initial trials with it seem
very promising.
3.3 Building and using specific HSCR databases
As for assembling special-purpose text corpora more suited to our needs, there are in principle
low-cost tools for compiling them, and for mining the collected data. Paper Machines [16] is
open-source software that works in conjunction with Zotero. According to the description
provided on its home page, its purpose is ‘to allow individual researchers to generate analyses
and visualizations of user-provided corpora, without requiring extensive computational resources or technical knowledge’. It would be encouraging to see the HSCR community making attempts along these lines. We could, for example, think of building a database from the
issues of an early journal such as Phonetische Studien or from the successive volumes of Proceedings of ICPhS.
3.4 OCR for phonetic symbols
With either of these examples, we would, however, encounter a problem, since scattered
throughout them is text in phonetic transcription which will defeat standard Optical Character
Recognition (OCR) software. In other material which we would certainly want to include, the
problem is more severe. For instance, the Journal of the International Phonetic Association
exists in digital form only as far back as 1971. Prior to that, for more than 80 years in its former guise as Le Maître Phonétique, the whole journal was printed in phonetic transcription.
Unless we can solve the problem of OCR for phonetic symbols, any attempt at the datamining of phonetic literature (or literature such as dictionaries, which incorporate phonetic
symbols alongside conventional text) is likely to produce results peppered with garbage.
Though no current OCR system appears to cater off-the-shelf for phonetic symbols, research reported in [4] shows that at least one relatively inexpensive commercial system can be
trained to handle text in IPA symbols, producing a Unicode output that is more than 99% accurate (reckoned by word). See Figure 6.
There seems to be no obstacle in principle, then, to the development of special corpora
for HSCR purposes, whether linked to specific projects or shared as a general resource.

4

Summary and conclusions

In summary, therefore, we can say that work on the history of speech communication science
is already benefiting from some of the developments widely regarded as most characteristic of
‘digital history’, and there is no impediment in principle to the creation of our own special
purpose databases enabling us to reap those benefits more fully. At the same time, since
speech research involves objects such as images and audio which are fully as important as
text, the focused application of digital tools on those data types gives a dimension to our work
which historians in other fields will not necessarily share.
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Figure 6. A screenshot from ABBYY FineReader showing training in progress for OCR of phonetic
symbols. At left, the original image; at right the interim recognition output. The small overlaid window shows the user-defined patterns which are in the process of being interactively developed.

It is debateable to what extent digital tools and methods make possible anything which
was unrealisable previously. Given sufficient time and resources, we could, for instance, have
compared Jones’s Cardinal Vowel images using conventional photographic and graphic techniques at any time over the last century. Similarly, though it would have been laborious to do
so, we could have assessed Paget’s vowel resonances with the analog technology of fifty
years ago. Either project would have required to be funded with at least a small grant, justified
by a research proposal. But digital approaches change costs radically, even if what they make
possible was technically possible in principle by analogue means. The change in cost in turn
changes our perspectives: lines of inquiry that would previously have seemed too complex or
expensive to pursue can now be followed on a whim, out of curiosity, and without a need to
seek justification for expenditure of resources. The resulting freedom licenses more experimentation—and even playfulness—in our investigations, and, when we are lucky, can lead us
to serendipitous discoveries we could have made no other way.
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