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Abstract

A le-catepory framework 15 proposed to review the sources of variance in studies
of phonetic transcniption rehability. The same framewark 15 used to analyse
transcription agreement data collected in the course of & project in child pho-
nology, including 22 reliability estimales from five consensus Lranscription leams
who transcribed eight subject groups. Detailed agreement data al the level of
consonants, vowels and diphthongs, feature classes, and diacritics are presented
for cach of the 16 categories, including such traditional measurement varahbles
a5 sampling mode {continuows speech; articulation tests), agreement type {intra-
judpe; inter-judge), and level of trunscription (broad; narrow). Tabularand plotted
data are deliberately presented at the lowest feasible levels for readers inlerested
in specific questions at these levels, A total of 16 penerabizations about transerip-
tion reliability are derived from descriptive and inferential statistical findings. The
primary conclusion 1s that for certain chinical and research tasks in communicative
disorders, broad phonetic transcription appears o be reliable, whereas narraw
transeription may be unreliable,

Keywords: Phonetie transeripuion, reliability, phonological disorders

Maost clinical and research dals in child phonology reflect the perceptual decisions
of persons trained in phonetic transeription. Despite ils importance 1o theory and
practice (e.p. *without good phonetics there can be no good phonology'—DBucking-
ham and Yule, 1987, p. 123), the archival literature on the validity and reliability of
phonetic transcription in communicative disorders i5 composed of fewer than three
dozen non-programmatic studies. The methodelogical vield {rom these isolated
research cfforts for improved training, clinical practice, and research has been a
continuing source of professional concern. Oller and Eilers (1973, p. 302} rec-
ommended that researchers have a ‘healthier skepticism' about transcription data;
Bailey (1978, p. 141) noted that “theoretical phonetics and phonology have made
great advances in the last decade or so, but the practical field of transcriptional
phonetics has not deone so'; and Pye, Wilcox and Siren (1988, p. 19) suggested that
there currently is ‘little objective foundation” for placing confidence in the point-to-
point, inter-judge transceription agreement Ngures of 5% or above that are typically
reported in the child phonology literature.
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220 Lawrence D, Sheiberg and Gregory L. Lof

A historical overview of transcription studies in communicative disorders in
America suggests a division into two periods, beginning with Hendersen’s (1938)
call for programmatic research. From the 19305 through approximately 1970, re-
scarch reflected the emerping discipling’s attempt to develop effective ways to rate,
score, and transcribe deviant specch. Impelled by efficiency criteria the assessment
paradigm evolved to a form of nominal scoring of responses evoked primarily by
articulation test stimuli (e.g. Burkowsky, 1967, 1971; Irwin, 1970; Irwin and Kral-
chick, 1965; Jordan, 1960: March, Weaver, Morrison and Black, 1958; Milisen, 1954,
Sharfl, 1968; Sherman and Morrison, 1955; Siegel, 1962; 5ttt and Huntingoon, 1963;
Van Demark, 1964; Wright, 1954), A second period, beginning in the early 1970s
and putatively concluding with the decade of the |980s, witnessed renewed interest
in phonetic transcription as input for linguistic description procedures developed for
young normally developing children and children with intelligibility deficits (e.g.
Ball, 1988 Bush, Edwards, Lackau, Stoel, Macken and Peterson, 1973; Costley and
Broen, 1976; Crystal, 1985; Fokes, Bond, Ritter and Krackenfels, 1986; Duckworth,
Allenn, Hardeastle wnd Ball, 1990; Grunwell, 1982; Johnson and Bush, 197F; Kre-
sheck, Fisher and Rutherford, 1972; MacWhinney and Marengo, 1986a,b; MeCauley
and Skenes, 1987 Norris, Harden and Bell, 1980; PRDS Project Working Party,
1983: Pye er al, 1988; Riley, Hoffman und Damico, 1986; Schissel and Flournoy,
|978; Shriberg, Hinke and Trost-Steffen, 1987; Shriberg. Kwiatkowski and
Hoffmann, 1984; Siren and Wilcox, 1990; Stockmun, Woods and Tishman, 1981,
Trost, 1981; Van Borsel, 1989; Vieregge and Cucchiarini, 1989). For reasons discussed
befow, vahdity and reliability problems in transcription and the availability of
microprocessor technology may provide the impetus and means for the enset in the
19905 of # third era characterized by widespread use of acoustic-aided phonetic
transcription,

Validity

The validity of phonetic transcription centres around three questions: (a) do percep-
tual data agree with data from physiologic, kinematic, ar acoustic measures {c.g
Amorosa, von Benda, Wagner and Keck, 1985; Hoffman, Stager and Daniloff, 1983
Kornfield, 1974; Riley et af., 1986; Weismer, 1984a,b; Weismer, Dinnsen and Elbert,
1981); (b) do perceptual decisions differ when obtained under various audio-video
and linguistic presentation conditions (e.g. Elbert, Shelton and Arndt, 1967; Daniloff,
Wilcox and Stephens, 1980, Hoffman and Schuckers, 1978; McMNutt, Wicki and
Paulsen, 1985; Oller and Eilers, 1973, Ruscello, Lass, Posch and Jones, 1980; Shelton,
Johnson and Arndt, 1974; Shriberg, 1972; Stephens and Daniloff, 1977; Witting,
1962): and {c) do data derived from phonetic description match the percepts associ-
ated with clinical disorder (e.g. Barker, 1942; Burgi and Matthews, 1960; Mowrer,
1978: Over, 1959; Perrin, 1954; Silverman, 1976). Validity issues associated with the
second and third questions are seldom posed in contemporary research, but studies
concerned with the first question continue to appear in the clinical literature, Specifi-
cally, the claim is that acoustic analyses can reveal phonemic contrasts that are not
observable at the level of perceptual transeription. In such studies to date, the training,
skill level, and intra-judge/inter-judge reliability of the perceptual transcribers have
not been well described, nor in many studies have measurement error boundaries for
the acoustic data been fully reported (cf. Cole, 1973, Cole, Rudnicky, Zue and Reddy,
1980: Green. Pisoni and Carrel, 1984; Klatt and Stevens, 1973; Liberman, Cooper,



Rediability studies in broad and narrow phonetic ranscription 227

Shankweiler and Studdert-Kennedy, 1968; Millar and Wagner, 1933; Weismer,
1984a,b; Zue and Cole. 1979). What is needed is a well-controlled validity study, using
representative speech samples to compare measurement outcomes from (a) skilled per-
ceptual transcription, (b) skilled instrumental analyses, and (c) skilled, instrumentally-
aided pereeptual transcription (cf, Bauer and Kent, 1983). Until findings from such
aptimized research designs become available, the validity of unaided perceptual tran-
scription in research and clinical speech pathology remains unattested,

Reliahility

The reliability of phonetic transcription estimates the repeatability of judgements
generated within a specific transcription system. Thus, both intra-judge and inter-
judge agreement assess the degree of similarity in descriptions of speech by persons
trained to vse the same transcription system, A comprehensive review and synthesis
of research on the reliability of phonetic transcription has not been available,
presumably due at least in part 1o the complexity of relevant sources of variance.
Table 1 is an organizational heuristic that divides phonetic transeription reliability
research into 16 major sources of variance. The stimuli in each relability study
reflect charactenistics of certain subjects; duta are derived from certain analyses;
judgements are made on targets imbedded in certain linguistic contexts; and the
speech targels in each study reflect certain phonetic and phonological wnits. Within
each study, one or more of these sources of variance is the focus of investigation,

Table 1. Sources of varianee in phonetie franseription reliahility
Souree Fariafie Sample levels
A. Subjects . Ineelligibality High. medium, low

B. Analyses

C, Contexts

[: Units

1

2, Severity of involvement
3. Type of crror

4, Chinical significance

3, Transcribers
6. Type of agreemenl
T, Twpe of system

8, Aprecment criterin
9. Sampling mode

10, Structural, grammatical, and
stress forms

L1, Word position

12. Target environment

13, Class
14, Features
15, Sounds

If.

[acritics

Mild, moderate, severc
Deletion, substitution, distortion
Articulation error, acceptable
allophone

Background, training

Intra-judge, inter-judge, consensus
Broad, narrow (International
Phanetic Alphabet, olher)

Exact, within-class, other

Continuous speech, arficulation
Lesl
Canonical, grammatic, siress

Tritial, medial, final
Stimulus context, phonetic contexl

Consonants, vowels

Manner, place, voicing, height
24 consonants, |7 vowels/
diphthongs

35 symbols for narrow tran-
seriplion




Lawrence D, Shriberg and Gregory L. Lof

228

(FETTTTTR]
S piga eyl st Tumouaung ade
ose oym sadpnl Ag ualjo ago
1021000 se prdpnl aq duw spunog
(g5 +d) [Aqmp

Afaanepa 2104, AZojoie
tpoaads wr srofew appnpeadiapu,
Clp -d) wenonpoad punos yosads
08 Buas) uesauzadwod uavond
Yiww s1uapnis aonpodd lou saop
Adopouyed yaesds o play sy,
‘[ RIIpISTOD

a0 08D CSIMQUISURI]  [ROPLALpOL
AQ pouBisse Ea1008 WO SEaUIAl|p
1ng SpIoM PAIR[OST OF SPUROS
Jo sIuAuEEpn 199010001/1000100
Auryein Ul s[naa) jeawanrdy yin

Vel 8 =adpnl-au

tanE = adpnl-1aiu
fos 40 = aflpnl-enug

. LERGT
“in]) WIFuRg puE YaLpaic]

lOL61) utead]

[1Lnl "L961) Aysmoying

01 POUIEN 2 URD SIDGLEDSHEI] 60 =+ Epnl-aaug iTaa]) [aday slaguasuna) g sasfjeuy g
DIUEIYIUBE [HD “eabl SEA JUIUEMEE 10EN
- SA 1R SITURD PUROS U0 PRAGLEE) ELIIRID 1003-100
Aug paseq udyam JSUS1Y S0 O1uIW il 26 R0 sEar ATIgEnad (+RE1) UUBRgop]
-naade wondussuea) snsussuo’) SNSUASUON 157180 10ENT puR  smoEiEmy]  TIegUs SOURMIUAS EIUNTy g
'suonn]
-HsgnE W0 eyl 193] sem suos el
S50 uD JuaasIde adpnl-aaug — [[#6] PUE L3P SE0pR]
Y] -9 = 38 pnl
SUCIEIISSE]S 10113 jO ~L3UL e | p—0E =aapnl
SALOEIED AAl J0 ous U0 s ST (S EAISSE|a
32180 JO S[0AD] MO[ 2aRY s3ApN[  2an) addy 1o11n uo Jumoaardy (606 Qoozg pue sdijingg 1ona Jo adhp g
SPUTOS P2 BNarIesin o) paod 0G0 = SpUnos
-LEOD 1390000 10 pRBNI|ED UM POIRTIITEI L EE = EpUROs.
12y T A[qRIspisuod s Uy |3aL100 adpnl-Jaiu) (Oi6]) Blad]  JUsWas[oall Jo Alasss ¢
Aupgqi
-f[31ut pue Juswazsde sdpnl-sau G1-0 =+ &upgrdgau
L23M 2 UOTBIDOSSE 311 81 2224 | i Lipgees adpol-amu) (GaR]) yoozg pue sduygg Ao siaslgny oy
SHEHEILING ) SEUIBUL AR B0 i iy AL A Adanpg
Appprgoagas wordidastseg snauoyd ul aoupLoa fo §a2anor 7 Ag Pazacdains sueisnfoeos pun siuper apdwey o age



in broad and narrow phonetic transcription 229

Reliahility studies
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with relative contral of all other variables reflecting the study’™s unigue design. As
suggested in Table | by the number of potential interactions among Lypical indepen-
dent (1-12) and dependent (13-16) variables, the diversity of interactive faclors in
any one study makes it difficult to formulate generalizations about the reliability of
phonetic transcription.

Table 2 is a sample of the type of findings and conclusions reported in the
phonetic transeription literature, with the independent variables in Table | providing
the organizational framework. Selection of illustrative studies was constrained by
topic (primarily normal and disordered child phonology), method (empirical studies,
rather than discussions in textbooks), and access (English lanpouage publications,
local availability). No attempt was made to judge the adequacy of methodology,
with most studies using few subjects, samples, and transcribers {(with the notable
exception of the multi-state study by Diedrich and Bangert, 1976, 1980). Several
examples are included to illustrate the range of some of the categories; no appropriate
example could be found for level BE, Agreement Criteris.

A conclusion reached after detailed review of the transcription literature is that
it 1s not currently possible to make useful generalizations about transeriber agree-
ment. Even seemingly robust generalizations such as ‘broad transcription is always
more reliable than narrow transcription” or ‘intra-judge reliability s always higher
than inter-judge reliability’ can be shown to be false for comparisons of certain
transcribers, subjects, sampling modes, sounds, error types, and target contexts.
Thus, for three goals of transcription rescarch—improving transcription training,
improving clinical practice decisions, and improving the reliability of research data—
the current literature provides few useful guidelines. The purpose of the present
report is to develop generalizations based on close examination of the sources of
variance in broad and narrow phonetic transcription.

Moethod

Subject tapes

A series of transcriber reliahility estimates obtained during a research programme
in childhond speech disorders provided an opportunily for a retrospective study of
transcription reliability. The method was to assemble a database that reflects the
diversity of sources of variance described in Table 1. For subject variables, diversity
meluded age, gender, causal origin, intelligibility, severity of invalvement, error type,
and clinical significance. Table 3 is a description of the demographic, structural, and
speech characteristics of eight subject groups on whom relizbility data had been
ohtained during the research program. Subject characteristics for cach of the sample
groups, data sets A-H, are listed at the foot of Table 3. The typical number of tape-
recorded speech samples used for reliability estimates was 10-20% of the total
number of subject tapes or specch tokens analysed in each study. The 51 subjects,
including five adult subjects with mental retardation, reflect a diverse sample of
persons with normally developing, delayed, and deviant speech.

Table 3 also contains descriplive statistics for several structural and speech van-
ables. Structural statistics lor cach subset include the number of utterances, words,
consonants, and vowels/diphthongs (henceforth, vowels) in the continuous speech
samples and the articulation test responscs. Severity of involvement information
consists of descriptive statistics for the Percentage of Consonants Correet (PCC)
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(Shoberg and Kwiatkowski, 1982; Shriberg, Kwiatkowski, Best, Hengst and Terselic-
Weber, 1986}, the Percentage of Vowels/Diphthongs Correct (PVC) (Shriberg, 1986),
which is calculated on vowels and diphthongs using the same rationale as gstahlished
for the PCC, and Intelligihility Index scores (Shriberp, 1986; Shriberg and Kwiatkow-
ska, 19523,

Transeribers and transcription procedures

During & 7-year period, five lranscription teams completed narrow phonetic iran-
scriptions of the children and one group of adults in the cight data sets, The first
author initially trained two persons to complete phonetic transcription individually
and by consensus (Shriberg ef al, 1984). For different studies within the project,
pairs of these three persons comprised two consensus transcription teams (Team I,
Team I1), Eventually, the first author and a rescarch colleague (1, Kwiatkowski)
trained two new persons to form a third consensus transcription team (Team [T},
Afler approximately 2 vears, the third team had the primary responsibility of training
a fourth team (Team IV) using a set of procedures designed specifically for selecting
and training persons for narrow phonetic transcription by consensus (Shriberg ef
al,, 1987). Finally, for an off-site study, the first author trained two persons in
another state to form a filth consensus transcription team (Team V). Training for
all individual transcribers and team transcription included illustrated lectures, self-
study op avdio-tutoral materials (Shrberg and Kent, 1982), criterion tests Lo identify
areas for additional study, and intensive Lraining sessions to increase Llechnical
knowledge, perceptual skills, and familiarity with all transcription and software
conventions, Each of the four local transcription teams worked 12-20 hours per
week transcribing by consensus, with intra-judge and inter-judge reliability samples
oblained as transcription of cach data sel was completed.

On-site consensus transcription was accomplished in a sound-treated acoustic
suite using one of several well-maintained Dictaphone 2550 series playback devices
(published bandwidth=200-5000 Hz; S/N ratio=40dB). A group of five expen-
enced transcribers unanimously selected these devices as having the best audio quality
for free-field transcription, compared to three other commercially available audincas-
selte transcribers. The off-site team trained in a quiet room using a Dictaphone 2890
device. All teams lollowed a detailed set of written instructions and guidelines,
including such procedural variables as distances from the playback device, number
of allowable replays, and notational conventions, Laboratory notebooks kept during
the tenure of cach on-site consensus leam provided records on all technical and
procedural problems, as well as anecdetal comments on specific transcription diffi-
culties.

Analyses

Tahle 4 is an overview of the 22 reliability samples assembled for the present study.
Cell entries indicate the inter-judge and ntra-judge reliability data [or the nine
individual transcribers and the five consensus transcription teams. Using the same
letter codes for the studies described in Table 3, reliability estimates from the continu-
ous speech samples are in the top of each cell and estimates lrom articulation testing
(Pendergast, Dickey, Selmar and Soder, 1969) are in the bottom, As shown in
Table 4, 12 of the 22 reliability samples are based on the continuous speech and
articulation test responses obtained in Sct A, including inter-judge consensus esti-
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Table 4. Reliability semiples transeribed by individual transeribers and consensus transcription

teams®, frtra-judge samples for individual and consensus team transeripiion appear along the

diggonal, with availuble inter-fudpe samples in the remainder af the cells, Within each cell of the

table veliahility samples based on continnons speech samples are above; these based o artion-
fation test responses are below.

Transeribors
Team  Team Teetm Team Team
! I 'L IV F

Transcribers P23 a2l 2430 4 5 f4&F) & 7 [6&T) & 9 (&9
1 — — — —_—— T = i =0 =0 Seviiae =
2 — — — =i == Sl s =5 S =
3 — M. = =TEe = ES = A =
Team F(1&D - - == = EE oD = SRIES =g
Team I (2&3) : — F— - — - .
i - . B — s PRI— —i e
j - - — R — — —— — —
Team [T1 (48 5) - — A = —: BE — — i

- — — A — — — B = i e
i e = = Boas = &7
¥ = E = = S5 g =w e L o=
Team IV [(6&T) - - — A — N — CDF — — —

— A — — — A Bl e
g = Eo == 2 N = = = = B =R =
9 = R R == = =D .
Team V (B&G) —_— — A — — — A — A J

== = A — _ — A —_ — A

* See Table 3 for a key Lo the eight data sets, A-H

mates for four consensus transeription teams. Of the remaining 10 samples, eight
are intra-judge consensus team samples for sets B—G and two are inter-judge individ-
ual transcriber samples for sets G and H. The reliability data obtained from these
22 samples reflect the variety of subject, analysis, context, and unit variables proposed
in the organizational model {Table 1)

Software and response definitions

An application program was developed to provide detailed quantitative analyses of
consonant, vowel, and diacritic-level transcription agreement (Shriberg and Olson,
1987); The program is based on the data structures used in PEPPER (Shriberg,
I986), 4 series of programs that provided the speeeh data shown in Table 3. The
transcriber agreement software required two exactly similarly glossed transeripts as
input, Thus, the apreement and disagreement data were not complicated by the
validity issues associated with differences in glossing (Oller and Eilers, 1975; Shriberg
el al 1984, 1987; Witting, 1962). Using the original and second (reliability) tran-
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scripts obtained for each study, a research assistant entered into the agreement
program all ulterances with similar glosses on both transcripts. Glosses for responses
to the articulation test words were almost always similar; those that were not (i.e.
those containing different intended vowels or different intended affixes) were ex-
cluded, A variety of words from the articulation test were reflected across the
reliability studies. For a few of the intra-judge and inter-judge reliability samples
ohtained after the reliability software became available, transcribers were given the
original glosses from which to derive their repeated transcriptions.

Figures 1, 2, and 3 are sample pages of outpul from the consonant, vawel, and
diacritic agreement programs, respectively. The first and last pages of output shown
in Figures | and 2 provide transcriber agreement information at the phoneme (24
consonants, 17 vowels) and feature (class, voicing, manner, place) levels, with per-
centages cross-tabulated for word-initial, word-medial, and word-fingl positions. At
each of these levels, data are available for both broad and narrow transeription,
Separate agreement/disagreement entries are available for oceasions when one ar
hoth transcribers indicated the speaker said the Intended (I) sound (ie. the sound
expected from the gless) or an Other (O) sound (1.e. a different phoneme than
expected from the gloss). Separate tabulations are also available for comparisons in
which the referent (T1) or comparison (T2) transcriber or bath transcribers heard a
phoneme deletion (7)), which as shown in Figures | and 2, is indicated in the
uncerbar column, Row-level entries provide data for fmitial, Medial, and Final
positions and an overall position Toelal In addition to these cell-level data, single
subject and grouped percentages of agreement are printed for broad and narrow
phonetic transcription. It is important to note that all summary-level percentage
calculations are appropriately weighted by the number of contributing entries, rather
than reflecting averapes of the individual percentages (ie. the data are not the
average of the averages).

The sample output shown in Figure 3 provides transcriber agreement information
at the level of diacritic use. For the current purposes, 33 of the 45 diacritics (Shriberg
and Kent, 1982) available in the speech analysis program (symbols marking junctore
and stress were excluded from analysis) are divided into seven categories or classes:
nasality, lip, stop release, tongue configuration, tongue poesition, sound source, and
timing/other, Thus, as shown in Figure 3, the Diacritic Agreement outpul provides
agreement data at both the level of individual diacritics and the level of diacntic
class. The example shown in Figure 3 is the output page for the Tongue Configuration
cluss, which includes six diacritics marking (in the order shown at the top of Fig. 3)
dentalized, palatalized, lateralized, rhotacized, velarized, and derhotacized. One page
of output is produced for each of the seven classes of diacritics. Exact agreemenl
within or between transcribers (or teams) requires that both used the same diacritic,
as indicated within the bolded diagonal cells, Within-class agreements are shown by
off-diagonal tallies indicating that one transcriber (or team) heard one of the diacritics
in the class while the other transcriber heard another member of the class. A 1ally
in the cells corresponding to Other (termed Any in the following figures, i.e., use of
any diacritic) represents an out-of-class pgreement, in which transcribers each heard
a diacritic, but the comparison transeriber heard a diacritic in one of the other six
classes. A tally in the None column indicates that a diacritic was used by only one
of the transcribers. Finally, each of these diacritic-level transcription values is avail-
able for sounds on which transcribers had the Same main character, a Different
mitin character and, as used in the present study, for A1l (i.e. both) conditions, The
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row and column totals reflect figures based on the vertical axis and horizontal axis
transcribers, respectively, The Combined Percent Agreement summary provided in
the bottom right section reflects weighted percentages from the two comparison
transcriptions. Specifically, as agreement figures do not presume a standard compara-
live stimulus, all percentages of agreement (Exact, Within, Other) were computed
using the formula;

Total agreements (Transoriber |+ Transeriber 2)

- = T i - - 100
Disagreements (Transcriber |+ Transoniber 2) 4 Total agreements (Transeriber |+ Transcnber 2} :
el

ApToement =

In Figure 3, for example, the overall point-to-point agreement on all the six tongue
configuration symbols was 58-6%, including 65-3% agreement when based on the
same main character and 22:2% agreement when hased on occasions when tran-
scribers differed on the main character as well as the diacritic.

Research guestions and saatistical approach

The goal of this report is to identify, for use and further study, generalizations about
sources of variance in phonetic transcription, The analysis approach was exploratory,
with graphic profiles used to discover and support generalizations. Non-paramelric
inferential statistics were used sparingly 1o support trends. The analyses proceed
upwards using the categorics in Table 1, beginning with reliability questions about
diacritics and concluding with information about subjects.

Results and discossion
Linits

Diacritics

Diacritics per word rates.  Transcriber agreement computations lor diacritics might
be biased by differences in the average number of diacrities used by different tran-
seribers and transcription teams, To provide a metric of diacritic use independent
of sample size, Diacritics Per Word (DPW) indices were computed by dividing the
number of diacriti¢s included in each sample by the total number of transcribed
words in the sample. Figure 4 is a plot of these data, with the sections separated by
the dashed line providing individual DPW data for inter-judge and intra-judge
(Original, Repeat) reliability samples for seven of the eight data sets (A-G) in Lwo
sampling modes (Continuous Speech, Articulation Test). The trends in Figure 4
suggest the following two generalizations:

There are substantial differences in the average number of diacritics per word used
by different consensus transcription teams within and between sampling modes
and subject proups.

There is firly stable consistency in the average number of diacrilics per word wsed
by the same consensus transcription team doing narrow phonelic transeription on
the same speech sample.

The data points for the four transcription teams and one transcriber in Figure 4
yield a range of approximately 0-40 to 2-0 diacritics per word, a 5:1 ratio across the
two types of reliability estimates, two sampling modes, and seven subject groups.
Mast notahle were differences among the four consensus teams on Set A, which
included their inter-judge agreement for continuous speech and articulation test
rESpONSes.
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Figure 4. Dideritice Per Word [DPW) rates for the five consensus transcription teams and
arte individual transeriber by sampling mode (Continueuws Speech, Articulaiion Test)
Intra-judge agreement dara poines include e Ovigina! and Bepear transeription,

Of the eight comparisons of consensus teams’ intra-judge consistency of diacritics
per word in the same sampling mode (all data points to the right of the dashed ling)
the range of differences was within 0-30 DPW. As shown in Figure 4, six of the eight
intra-judpe comparisons were based on continuous speech samples, as well as two
based on articulation test responses. Compared to the overall dispersion of inter-
Judze DPWs, which average nearly three times these differences, the rates of diacritics
per word for different consensus teams appear to be stable when they rescore the
same speech sample,

These two generalizations about the absolutle frequencies of diacritic use play a

primary role in the interpretation of the agreement data to follow. Recall that for
this study any transeription difference in diaenitics is considered a disagreement, even
a difference that would not result in 2 subject obtaining a different articulation
severily score. For example, if one transcription team used a diacritic to mark an
unreleased stop (which & an acceptable word-final stop allophone) and the other
team or a retest transcription did not include this diacritic, the agreement program
counted the difference as a disagreement. Thus, base-rate differences in imdividuals’
or teams’ use of any of the 35 digeritics resull in lower narrow transcription
ggreement.
Propartional occurrence of diageritics.  Figure 5 includes propoertional occurrence
data for the 35 diacritics, These percentages are averaged over all teams and studies,
reflecting the number of times a diacritic was used divided by the total number of
digcritics used by each transcriber or transcription team. The averaged percentages
are sorted in descending order of proportional occurrence. Labels for the diacritic
symbols in Figure 5 occur in corresponding order in the first column in Table 6, to
fallow,

As g gross division of the propertional occurrence distribution based on the
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Figure 5. Proportional occurrence of digeritics across all studies aud transcription teams.

Labely for the 33 digoritics are provided in Table 6, with the left-to-righs order of lobels
in the figure corresponding to thele verticald order in the table

magnitudes of the pereentages and natural breaks in the trends, the 35 diacritics in
Figure 5 are divided into four categories. The subgroup of three tongue configuration
diacritics marking derhotacized (consonant /r/ and vowels /=/, /aof), dentalized
(primarily [ricatives), and palatalized (primarily fricatives) were clearly frequent
across data sets, transcribers, and sampling mode, The second subgroup of five
somewhat frequent diacritics included allophone-level differences from several differ-
ent phonetic feature classes. Sixteen somewhar fifrequent diacritics also reflected a
diversity of diacritic classes. A subgroup of 11 iefrequent diacritics (nearly one-third
of the 35 diacritics) from diverse classes each contributed less than 1% to total
diacritics used.

Table 3 includes the results of Spearman rho calculations for all available pair-
wise, rank-order comparisons of the proportional occurrence of diacritics shown in
Figure 5 {including an entry for data set H), The absolute magnitudes of most of
these cocflicients (11 of the 30 cocfficients account for over 50% of variance; 28 of
the 30 are statstically significant at the (05 level or better) suggest that the pro-
portional occurrence distributions are wvarably stable within {intra-judge) and
between (inter-judge) individual transeribers or teams, subject groups, and sampling
modes, The generally parallel trends in each of the panels in Figure 5 support the
following generalization:

The propertional occurrence of individual diacritic symbals in narrow phonetic
transcriplion tanges (tom low to moderately high depending on consensus tran-
seription teams, subject groups, and sampling modes.

As with the absolute rates of dizeritic use, these data on proportional individual
diacritic use address a possible constraint on interpretation of the narrow transcrip-
tion agreement data to follow. Specifically, although the proportional occurrence of
diacritics is not perfectly comparable across the transcription teams, subject groups,
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Figure 6. Diacritic agreement for all consensus transeription reams ard fivg individual tran-
serthers. Far each date sel { A-H ) and sampling mode | Continwous Speech, Articulation
Tast}, agreement is shawn for Exact, Witkin-class, and Any diacritic eriteria (see text
for explonation /.

and sampling modes, diacritic data will be averaged across these levels In certaim
analyses.
Diacritic agreement,  Figure 6 and Table 6 are summarics of the diacritic agreement
data. Figure 6 provides overall diacritic agreement for transcription teams and
individual transcribers, with independent variables including data set (A-H) and
mode of sampling (Continuous Speech, drticulation Test), Dependent variables
include point-to-point reliability percentages based on Exact agreement (same dia-
critic), Within-class agreement (any diacritic within the same diacritic class), and
Any diacritic (any diacritic, regardless of diacritic class). The data in Table 6 provide
this information at the level of individual diacritics, including exact, within-class,
and any diacritic agreement information. The 35 diacritics are arranged in the same
descending order of proportional occurrence as in the top left panel in Figure 5. The
following two generalizations are based on the trends in Figure 6 and Table 6, as
well as some additional analysis to be described:

Transcriplion apreement on an individual digcritic is essentially independent of its

proportional occurrenee 10 a speech sample.

The average inter-judge and intra-judge percentage ol agreement estimates or

diacritic transcriplion are below acceptable reliability boundary levels, even at the

lestst sirict agrecment criteria
The first generalization is apparent on visual examination of the data in the rank-
ordered proportional occurrence of diacritics (Table 6, second column) in relation
to the remaining columns for percentage of agreement. These comparisons indicate
only low positive agreement in rank orderings. Spearman rank-order correlations
hetween proportional occurrence and mean agreement percentages in cach sampling
mode yielded rho values of 0-32 with Articulation Test and 0-29 with Continuous



243

Reliability studies in broad and narrow phonetic transcription

Eol (L1 Rl il 151 - (873 -0l 1+0Z ani-n i — Iy 1] FERIGIRA D TF L F |
DA o 036 = - 4] 1o — oo R T 1 21 ar} Suoyudg
T L4 o L1 2N = 4 L= &RE (5] Pl g
3 §L Wil i Bl {1 o il La-n L i anFuoy pasutapy
L4t (5 TR (&7 L e Ol Tit-n 0t T pReLTEs
115 g R ] EHT 0415 A5 ] BED a1 -n il il FINIOLE
S-EE PRl =505 Sl LLL-REY T LAY Q0E Ok =0 gdr ] (3 rdl panElony
i3 1 rsi - I£9 - ] 1-T¥ (L =1 [EE] = 1] 54 par@au
L] hitra's (- Loe = it -5 L9 = I-EE L4 Lnfsselug [UFEN
If] - o6l 1 - 0oL = 8 |4 s — 0 il NG4S
Ll == [ BLL-0 BL — 0 oL LE = 0 i) AT
[T e ] -0 oLl Wl-ast s i i ] 58l |5y ol TRy
b0 Lok aoi-0 B9 fit-0 Exl LAl [ B b B=hti] Il ri | paziisg ey
GSL=TET TS 5L GIF IRt S ] I Ry {FET-0 L4 Ll pajued g
5L GOE-LOL BP0 el PEL-0EE E5T £4l Bl FST-THT 90T 6l pasloaagg
ETF QOE-(HET Gl LA |-8E SRI-L9 AL ELE L5E a]1-0 S &l PR TAT|-UaN
be5E F- s R v Bl LG f0E CET-FLl Bw FLl oH S50 [ pauaginag
i (HA-HH &1 156 05— 48| 047~ B 11 §Ll HiZ-h (I payIFg
§LR-0 #AE L0 1E2 L= ki rrd D1 (fd Ler $IL 040 (I3 PazesTp
Tden Lk gol-008 L =8F LLE-4l LTS an1-09s Bl 8L il T9s-D S N g
TE9-0 Lef ali-ahE LEE aHE (S F ] TEL A P T Sl £2l SiReItE LT apliiug
0 -0 WLl = [l ER ¥ taL OreFIL PR i o L6y Gl L pazijuEate-y
ODa=111 545 Sps-LEE. FIP Tk (T Y R SBPE-LTC  Dir BEC Eir Pl HE andflog pastiy
oel-i8  EES JuE 1t ol 8 1 oar [ERTTE S T (Rl T & ik 2L -5 g andoog passmey
aLs-0 2EL =1 [0z fhil sl ] i o1 - (i1 il B 01 e paitajaiur
§-HL-D 245 TOE-L9E QR nik EsL-n LEr GePE 99 THE Pgs ivt ELE-L IFE PRl Ry
Cel=9HT 995 LTE-DEl TO0F [E14 FEL-101 &ar EPEeRl REE i£F PEt ErE- 1€ PRI RO
SEE-LAL DR 5=l enp 18 -0 Iy [FH=0 4T Fli RED ] e el PRELAC]
LEE-DET  rdir CER-ERE gL 344 E ] Lit ERL-1EE  BEY LiEr it FOL-dER i 2T p0
EFRURET ROE F09-hSl 35 cir HE-QHT 1T [F9-T1  L6E il (S YET-0 5 Paifi iy
LAUF“FLIE  TAhE FOE-CH] 60T §¥L QOr-2H1  LdT [er-n L 5pT itg LEr-n LA I
1551l (% = #0l Ll Lis-n Flli = il L LM — &5 pasman
bS6-gr Enl OG- % HEL 086-T40 S0k FOR-0dL IR ips BiE LR-TEE ib PATIPIR]ZL]
LR GER-F 4P (49 L LER-LPD. T AER-Z:18  DFE g feit E¥E—T6T 41 pazrIuac]
L0260 pOL-Ers L-EL L0 SEROLS BI8 BEa-5PE 0L (B {HEB-tetr - L0 Bl-5ps I'et pazaTNy ]
adupy - woay 2dumy unagy unapy abuy ey iy amay FEX] Afwy sy iy A fEs) Mg
. FATERT RS
ragnina yramlr K3y g ijraady way EApuiTa EEEM FieT) P ]
g THOTALE Lttt oA ITPT S g EEII [T T HEOEE NG waey R
[IFETE RN ) ARREIAE AP FITE T R 0E T Lt RETH TR [EEIRETR IR CE
‘puaiAaddn aapn-pau pun aspni-aan o

rasmiuaziad aan sadnog JPHT SUBAL ([} CSISFRIE (I ANOGIR aoNR4INT0 M_E..__.__.__.Ea_n..__.ﬁbq mz.__ﬂu_ﬂ.uw._u_ ___.n_q __c.ﬂ_mu_ﬂ.__.__z o IHALFALEN 20 fonpapnr g s



244 Lawrence D. Shriberg and Gregory L. Lof

Speech, neither of which was significant al the 003 level. Thus, although the pro-
portional use of individual diacritics ranged from just a few occurrences to over
128 of the total diacritic occurrences, the relative difficulty in making reliable
perceptual decisions on diacritics was not predictably associated with the frequency
of making those judgements,

For the present concern with the overall reliability of narrow phonetic transcrip-
tiom of diacritics, the second generalization provides a serious challenge to the use
of unaided perceptual transeription for clinical and research tasks in communicative
disorders. As shown in Figure 6, the average agreement figures are well below 70%,
even al the most liberal level of the three response definitions (i.e. with agreement
hased on the inclusion of any diacritic). Additional comment on this: finding 1s
affered at the conclusion of this section.

Sounels

Associations with percentage of occurrence and percentage correct.  Before consider-
ing the consonant and vowel agreement data it is necessary lo examing the potential
associations between transcription agreement for sounds und their percentage of
occurrence and percentage correct articulation. A tolal of 36 Spearman rho
coefficients were computed, comparing for each sample the rank ordering of conson-
ant and vowel agreement with the rank orderings ol both consonant and vowel
occurrence (18 coefficients) and consonants and vowels correct (18 coeflicients).
Table 7 is a summary of these data. The magnitudes of the coefficients for all
comparisons were generally low, with only 3 of the 36 coefficients (8%) significant
at the 0:05 level, which is essentially the expected occurrence by chance.

Figure 7 provides sound-level information for the three variables, Percentage
Correct, Percentage of Occurrence, and Percentage of Agreement, collapsed across
studies and sorted by decreasing percentage of transcription agreement. As shown
in the lowest trends in Figure 7, which indicate the average percentage of occurrence
of each consonant and vowel, respectively, occurrence percentages do nol covary

Table 7. Speaeman rhc coefficients® for broad transcription agregment with percenfages e
I . Iy [5
rence and percentage corrett

Percentage Percenrage
Breurrenee cirrect
Agreement Consonings Vowels Consonans Vowely
[nter-judge
Set A = (140 =3 132 040
Set G (-68* 0-13 - 005 -39
Hel H — (28 —0-31 26 —0:23
Intra-judge
Sct B - 0:4304 24 019 011
Set C —0:18 -2 (14 —0:13
Set [ 032 - 025 047t — 4
Szl E — 028 47 o6 {1301
Set F — {44 =14 20 036
Set G —{34 — 003 0-39 (18

2 Al coclficients and p values are corrected Tor tes. *p<{H5
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Figure 7. Broad transcription agreement for consonanis (top panel ) and vowels {hottant panel)
i relation to each seunds' percentage of oenrrence and percentage correct,

with transcription agreement percentages. For the consonant data, however, there
18 a discernible split between the first and second 12 sounds. Except for /v/, the 12
sounds with the highest broad transcription agreement are also articulated at
approximately 85% or above correct. In contrast, except for [t/ and /g/, a second
group of |2 sounds have considerably lower pereentages of correct articulation and
also have the 12 lowest average transcription agreement percentages. These data in
Table 7 and Figure 7 suggest the following generalization:

The reliability of broad transeription of vowels in a sample is essentially indepen-
dent of their rank-order of occurrence and percentage correct. For consonants,
transcription agreement is independent of rank-order of occurrence and lower, but
within an acceptable range for the 12 most frequently misarticulated sounds.

Consonant and vowel agreement.  Inter-judge and intra-judge reliability data for the
24 consonants and 17 vowels are presented in Tables 8 and 9, respectively; summary
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Figure & Transcription agreement for consonanis. The tap panel inclides averaged agregment
acrass data sets | A—H ), transeription teams, sampling modes ( contiruous speech, articu-
lation test), and type of refiability (inter-fudge, intra-judge), The middle panels include
inter-fudpe agreement for data set 4 i continuous speech {feft pavel ) and areieulation
test (right panel) modes. The bottom panels include intra-fudge ageeemens for data sets
B-G in continuous speech (left panel] and articalation test {right panel) riodes

trends are provided in Figures 8 and 9. The figures are arranged to display segmenls
by decreasing transcription agreement, whereas for archival reference the tahles
preserve the statistical data by sequencing segments within manner class. The data
from these figures and tables suggest the following generalization:

Averape (ranscription agreement percentages. for each of 41 sounds arc within
acceptable levels for broad transcription, but senerally below acreptable ranges
for narrow phonetic transcription,

The only phoneme-level transcription agreement data available in the literature ot
comparison to the rank-ordered consonant data in Table 8 and Figure § are data
for 97 children 4-6 years old, reported by Norris e al. (1980). Although the
methodology for computing agreement differed considerably from the present study,
a Spearman rank-order cocflicient was computed using the consonant agreement
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deseribed i the legend for Fig. 8.

data in Nerris ef al. (Table 2) and the present average agreement data in Table 8.
The obtained coefficient of (:29 was not significant,

Turning to the magnitude of agreement for consonants and vawels, 21 of the 24
consonant sounds (88%) (Figurc 8, top panel) and 16 of the 17 vowels (91%)
(Figure 9, top panel) had acceptable agreement (at least 83% perfect agreement, cf.
Lewin, 1970; Pyc et al., 1988) when transcribed using broad phonetic transeription.
Using the same criteria, anly 3 of the 24 consonants (13%) and 9 of the 17 vowels
(53%) had acceptable agreement when transcribed using narrow phonetic transcrip-
tion. As shown in the other panels in Figures 8 and 9, and in the more detailed data
in Tables B and 9, agreement percentapges for individual sounds varied considerably
when broken out by the several independent variables,

Taken together with the previous findings for diacritics, these dala indicate that
transcribers generally agree at the level of phoneme transcription but not at the level
ol acceptable and unacceptable allophone transeription. The most direct explanation
for the low levels of narrow phonetic transcription agreement is that children's
speech productions frequently contain confusing acoustic cues relative to the pho-
neme and allophone boundares expected by the ambient community, Weismer's
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(1984a,b) reviews of related issues and a number of subsequent studies indicate that
such smbiguous and sometimes chimeric acoustic events defy reliable assignment to
nominal categories (e.g, Riley er wl., 1986). Considering that subjects in the parent
study are exactly these children whose delaved phonologic development make them
likely to be praducing a high rate of such behaviours (Roberts, Burchinal and Foolo,
1990), these reliability data are viewed as realistic refiections of the perceptual limits
of narrow phonetic transeniption.

The acoustic ambiguily explanation for the low levels of narrow transcription
agreement is testable using the type of validity studies proposed at the outset of this
paper. Specifically, this interpretation would predict that intra-judge and inter-judge
agreements would vary significantly as a function of the relutive ambiguity of acoustic
cues. Considering the context of the present duta sels it is unlikely that significant
sources of explanation for the lowered agreement figures can be found in alternative
transcriber factors, such s Hmitations in their training, experience, hearing acuity,

Daln Sals A-H

1924 LB
. i T L3
u:-. L] L= ] - ‘_\_h. :R" -.,_._ -
- "‘\h
& - o o 'JL%.L__ o
2w
& =]
o
]
B om ol
4 Hatrm
1] -
L —T . T
5 Woa W a w3 & F L oW AL F DO &
TClwss Ve [TEEID Fisce
i Oole Sel A: Conlinvoos Speoch Dals Sel A: Arliculalon Tes!
I.tlli-- [ N - W F
Wi w t"\r -1,{."'&! djg-‘\._._'ﬁll L l" L
[ / I'\ | nl 1‘: f
oA A
. m-"\ﬂ c’/l\'l Ib § O ¢
o ]
a” S 1'-. Hﬂ\b i iy o
s - 1 . i \
2 III- T i
= g
L oy ]
\
104 m
LE i
3 bepm—r s—— e T — gt . g —r— p—r——
& 0 WeW- LTI L | n GV &L Pr b L H B Na¥- OH 5 & & m @AM AL PD ari
Claan  walew CIGICT Finee Claan  velew CITC Fiace
Data Sels B-Gf Conlliuaus E'p!ul:h Dol Sets B-G; Arllculalion Test
100 [ 1 e
L T ]
4 g o-a -\/\ LI _'a'_;\'
n 5 H
"o ' xSy rn-f s i
= i
[
a W L] =
o
T o a“
B 5
m ™
L] m1

4-r— T T T T T T T T T
] |||.|'.:|n-'|lil, 0 4% & Lop.D il 10 WiV g M E ALFL B O Yon L F B Al
Cieve Wmie [TEETT] Fiaes T T [(TEErT] Flaie
Consonant Features Censonanl Feafures

Figure 10, Transcription agreement for consonant features including class (Sonorant, Obstru-
ent), voice [V+ = Voleed, V— = Voiceless), manner (Glide, Nasal, Stop, Affricate.
Fricative, Liguid), and place {Bilabial, Giottal, Yelar, Alvealar, Labiodental. Palatal,
Dentall. The format for this fipure is similar to that deseribed in the legend for Fig. &



Reliability studies in broad and narrow phonetic transcription 257

memory, effort, number of allowable repetitions, playback environment, or other
factors that might be reasonably invoked elsewhere when low relinbility estimates
ure oblained.

Features and classes

The final unit-level sources of variability in Table 1 are the constructs of phenestic
features (place, manner, voicing) and the superordinate construct of phonetic classes
{sonorants, obstruents). Figures 10and 11 and Tables 10 and | include the transcrip-
tion agreement findings for consonants and vowels, respectively. These data sugpest
the follawing generalization:

Averape Iranscriplion agreement at the level of phonene Features and classes is
within acceptable levels for broad transcription and generally below acceptable
levels for narrow phonclic transcription
These feature- and class-level data simply reflect the previous sound-level findings.
Sound-level differences shown in Figs 8 and 9 and Tables 8 and 9 are apparcntly
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eliminated al the level of consonanl classes (sonorants, obstruents) and voiced-
voiceless features, but some differences are additive at manner and place levels.
Particularly for the narrow phonetic transcription data, feature percentages reflecting
stmilar manners and places of production range from aceeptable o unacceptable
levels across studies. Consonant glides, nasals, and stops are generally, but not
always, associated with higher agreement levels than affricates, fricatives, and liquids,
These feature-level data were compared to feature-level agreement data reported by
Norris ¢f ol (1980) and Philips and Bzoch {1969). Due (o Mundamental differences
in methodology, no clear decisions could be made about the agreement in percentage
trends across the three studies.

Contexts

Tarper envirgrment

The analysis sofltware did not have the capability to compute transcriber agreement
at the level of the environments of sounds, such as consonants occurring in singleton
versus two-element and three-clement clusters or consonants in relation to the height
of adjacent vowels. Pye eral (1988) reported that approximately one-half (o twao-
thirds of disagreements involving deletions occurred in the context of consonant
clusters in both intwal and final positions, Therr analyses Turther indicated some
mteractions between the word position of the clusier and the member of the eluster
deleted, with stronpest effects for s/ clusters. Such information s also important
when exumining dilferences in transcription agreement associated with mode of
sample. Specifically, certain articulation tests deliberately include more words with
clusters than occur in a comparable number of words in a continuous speech sample
{Shriberg, 1986; Shriberg and Kwiatkowski, 1980),

Word position

Figure 12 provides broad and narrow transcription agreement dala for word po-
sition, with target consonants divided inte word-initial, word-medial, and word-final
position, The software defined word-medial as all non-initial or non-final consonants.
Thus, medial consonants included all interior members of two- and three-element
clusters, as well as intervocalic consonants. The trends in Figure 12 suggest the
following generalization:

Of the three word positions, word-1nital consonants are generally transeribed most
reliably, with word-fnal consonants Lypically associdled with the lowes) relisbibity,

Motice that, for narrow phenetic transcription, the-data in Figure |2 indicate that
final position is always lowest in transcription agreement. Similar positional effects
have been reported by Philips and Brzoch (196%9) and Pye e ol (1988). A likely
explanation for the lowered agreement on final sounds is that more errors ocour in
that position {Edwards and Shriberg, 1983), Moreover, whereas initial fricative errars
are more likely 1o be phonemic substitutions, final [ricative errors are more likely
to be distortions (but see later discussion of error type in relation to transcriber
agreement).

Structwral, gravunatical, and stress forms

The software did nat permit inspection of the agresment data in relation to such
potentially interactive word characteristics as structural (canonical) form, grammati-
citl formy, and lexical stress or syllabic stress, each being @ variable subsumed under
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category 10 in Table 1. For example, articulation responses (citation forms) are
realized primarily as stressed nouns, with canonical forms generally more complex
than the simple forms associated with function words that occur in continuous
speech (Shriberg and Kwiatkowski, [980; Morrison and Shriberg, (in press)). Such
variables might be associated with transcription agreement data. As noted carlier,
the striking contrast between the range of consensus team’s DPWs in continuous
speech compared to articulation test responses (see Figure 4, Sets A, B, and D) may
he associated with reliable differences in the types and frequencies of forms and
stress patterns found in the two sampling maodes,

Of particular importance for subsequent investigation are potential associations
hetween the stress level of a sonorant and transcribers’ perceptual boundaries for
acceptable articulation, Whereas Hoffman, Schuckers and Ratusmik (1977), using
live transcription, found unstressed vocalic /2y to be the most often correctly articu-
lated allophone, Curtis and Hardy (1959), using recorded analysis, found unstressed
vocalic /¢ to be the least often correctly articulated /r/ allophone. MeCauley and
Skenes (1987) and Shriberg (1972) have deseribed the auditory differences in primary
versius non-primary stress that may moderate such findings, Specifically, higher
correct scares on unstressed vocalic /20 may reflect situations in which lower intensity
levels associated with more lenient eniteria for an acceptable rhotic quality. As
suggested earlier, such differences associated with the acoustic characteristics of the
presentation media are considered to be in the domain of validity.

Sampling mode

The final environment source of variance in Table 1 is the sampling mode, which in
this study contrasts transcription agreement for continuous speech samples with
apreement based on responses to articulation test stimuli. Data bearing on sampling
mode have been kepl separale in prior tables and fipures, to allow for specific
comparisons within all other variables. As described above, the data in Figure 4
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supgest that diacritics may be used more eften when transcribing whole words from
articulation tests, For the overall descriptive analysis shown in Figure 13, however,
these lower-level sources of variance (study, transcription team, sounds) were cal-
lapsed. The trends in Figure 13 support the following generalization:

Transcription agreement based on continuous speech samples is somewhat higher
than agreement based on articulation test responses.

In six of the eight comparisons shown in Figure 13, averape agreement for the
continuous speech samples is approximately 1-13 percentage points higher than the
averaped data for agreement based on articulation test responses. The two reversals
in these trends occur on the inter-judee agreement [or vowels, in which apreement
based on articulation responses is approximately 4 and 6 percentage points higher
for broad and narrow transcription, respectively, That these general trends are
relizble is supported by inspection of the individual consonant and vowel agreement
data in Tables 8 and 9. The six trends and the two reversals are consistent with
observations elsewhere that relate the number and type of misarticulated sounds to
structural characleristics of each type of sampling mode, Detailed exploration of
such factors is reported in Morrison and Shriberg (in press), including the observation
that children's over-articulation of citation forms may create spurious allophones
for narrow phonetic transcription.

Analyses

Type, sysrems and agreemeni criteria
The data presented in the tables and figures to this point provide considerable
information on transcription agreement figures associated with type of sgreement
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(inter-judge, intra-judge), type of system {(broad, narrow) and agreement criteria
within systems {exact, within-class, any diacritic). The [ollowing generalizations are
based on the dats used to construct Figure 13:

The two traditional types of transcription agreement, inler-judge and intra-judge,
have essentially similar average percentages of agreement, ranging from the mid-
Aids toe the mad-high-%0s,

The two systems of phonetic transcripuon, Broad (92%) and narrow {(74%), differ
moaverage ranscription agreement by approxmalely 20 points.

The three types of transcaption agreement criteria for diacritics, exact (13%4),
within-class (40%), and any diacritic (48%), differ in average transcription agrec-
men! {uncorrected for chance agreement} by a ranpe of approximately 15 points,

Each of these three generalizations is based on data averaped over the eight subject
sarmples, nine transcription teams/individuals, two sampling modes, and each of the
other two variables addressed in this section,

The generalization that inter-judge and intra-judge agreement have essentially
similur percentages of agreement is surprising considering the more typical finding
that intra-judge agreement is associaled with higher trasseription agreement. The
current sludy differs from most ather reports of intra-judge reliability, however,
because in most of the present cases retest agreement 15 based on responses from
consensus teams. From these data it is not possible to infer whether the similarity
in mean percentages is due to inter-judge agreemenl being higher or intra-judge
agreement being lower thun figuras typically reported in the literature.

The finding of a difference of approximately 20 percentage points between broad
and narrow phonetic transcription is consistent with the spread of differences found
in other studies. Amorasa et al. (1985) have the most comparable data; in twao studics
of narrow phonetic transcription they report average inter-judge agreements of 70%
and T4%.

The third generalization, describing low levels of diacritic agreement, however
strict the criterion, suggests an important perspective on transcribers’ difficulty with
diacritics. Dating back to Henderson (1938), agreement on two-way decisions (cor
rect versus incorrect) has been shown to be higher than on five-way scoring (correct,
deletion, substitution, distortion, addition), presumably due to the increased com-
plexity of the decision process and the lack of systematic response definitions for
substitutions, additions, and distortions {(Irwin, 1970; [rwin and Krafchick, 1965
Morris er af., 1980, Philips and Bzoch, 1969). Even when sgreement in the present
study is based on the lenient agreement criterion of @y diacritic to mark a distortion,
il averages only 48%, Thus, the major source of the problem seems not to be in
puzzling aver which diacritic to use, but whether to use uny dineritic at all.

Transcribers

The tables and figures have retamed the agreement data at the level of individual
transcribers and consensus transcription teams, Inspection of this information sug-
gests trends [or certain of the five teams to have higher inter-judge agreement with
all other teams; however, no firm trends emerged. Lowered agreement figures for
the one ofl-site consensus team may have been associated with their reduced amount
of initial and continuing truining by the first author, with differences in their re-
cording/playback equipment and environment, or with differences in other aspects
of the transcription process. Neither these transeription data nor the anecdotal
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records kept by consensus transeriplion leams sugpests palterns among transcribers
warranting a peneralization from this study. Pycer al. (1988) also noted their inability
o attribute patterns to the differences observed among the transcriptions of their
three individual transcribers.

One possible pattern noted anecdotally, but difficult to document quantitatively,
15 the possibility ol ‘observer drift’ in response definitions. The concept of ohserver
drift in the behavioural scicnces refers to a change that occurs in the response criteria
learned by observers as they proceed from oripinal calibration to a later period
following considerable experience with the task, In the present case we noted a
tendency for teams eventually to develop either 4 more or less stringent perceptual
standard lor certuin frequently occurting targels, such as derhotacized /r/ and
dentalized /s/. Other potential differences among individual and consensus tran-
suribers, including personality and prior work experiences that might predict high
competence, are discussed and illustrated in Shriberg er af. (1987). Based on a job
sample task to sclect and train prospective transcribers for research transcription,
findings suggested that competent phonetic transcription appears to require a sound
technical grasp of articulatery phonetics, well-developed auditory—perceptual skills,
and the temperament to persist at a difficull task (i.c. a positive attitude).

Subjects

Clinical significance

The software was programmed to count any point-lo-point difference in transeription
#s a disagreement, even those differences in the presence/absence ar occurrence of
diacritics that add descriptive richness but are nol associated with articulation errars
{e.z. an unreleased final stop). Data presented on the proportional occurrence of
dizeritics (Figure 5) indicate that those diacritics marking non-error allophones were
as frequently used as those marking articulation errors. For example, note (Figure $
and Table 6) that dentalized and palatalized diacritics are among the three frequent
and six sormewlat frequent digenitics, respectively. The software guidelines for the
speech analysis program format dentalized [ricatives as articulation errors, but
palatalized fricatives and dentalized stops as acceptable allophones, Together with
the agreement data indicating a lack of association between the clinical significance
of a diacritic and its average percentage of agreement, these data support the
following peneralization;

Transeribier sgrecment is not associated with the clinical significance of diacritical
description ol speech.

Experience suggests that the consequence ol one's transcription plays an import-
ant role in transcription effort and potential bias. Transenbers may work harder (o
transcribe those diacritics that affect a subject’s severity score than they work on
diacritics that add descriptive information but do not affect subjects’ articulation
scores. The present data do not support these interpretations of the findings in
Shriberg et al, (1984), which used different agreement procedures. Perhaps 2 more
direct test of this source of variance would use meusures that reflect transcriber
effort, such as number of replays, or the elapsed times associated with each of the
two types of transcriber decisions.
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Tvpe of ervar

To this point the data separated by subject’s actiologic group (i.e. data sets A-H)
suggest that transcriber agreement is not associaded with actiology. The final three
subject variables—type of articulation errorn, severity of involvement. and intelligs-
hility—are generally considered the maost direct sources of variance in transcriber
relability. Accordingly, the remaining analyses attemptl to discern which varizhles
are most strongly associated with transeriber agreement and specific sources for the
lowered agreement in narrow, comparced to broad, phonetic transcription,

To provide for close inspection of the role of articulation error type, deletion,
substitution, and distortion percentages were calculated i two ways for 48 of the
51 individual subjects whose complete continuous speech samples were available
from the parent sludy. One set of pereentapges on each ercor Lype, termed the ahsolire
error type percentages, reflected the magnitude of each of the three error types. These
six sets of percentages (three for consonants and three for vowelsh, used the total
number of consonant or vowe! seaments in each subject’s sample as the denominator,
The other set of percentages, termed the relative error type percentages, used the
total number of errors in each child's speech sample as the denominator for each
error tvpe pereentage. Thus, whereas the three absolute error Lype percentages reflect
the proportion of each error type in the speech sample, the relative crrar type
percentages reflect the percentage each error type contributed to the total number
of errors in the sample.

Figure 14 includes these error type data. with panels for absolute error Lype
percentages and relative error type percentages correlated separately for consonant
agreement and vowel agreement. These busy figures retain considerable data for the
imspection by the interested reader. [n each panel the top trend is the averaged inter-
judge/intra-judge agreement for narcow transcniption of consonants and vowels,
respectively. The Spearman rho coefficients adjacent to each of the error type Lrends
reflect the correlations of each error type with transcription agreement. Thus, the
size of the negative correlavions indexes the degree to which subjects’ rank-ordered
average transcription agreement is associated with their rank-ordered percentages
for each error type:

Five of the 12 (£2%) cocificients in Figure 14 were statistically significant at the
05 level, but they range in magnitude from low to moderate. The trends for
consonants in particular indicate that most children’s ercor types were divided among
the three categories, with distortions the most frequent error type for both consenants
and vowels, For some children, as shown maost clearly in the relative error type
panels, nearly 100% of their crrors consist of distortions on consonants or vowels,
However, contrary to expectation given the previous data on narrow versus braad
transcription and the lowered reliability of diacritics, distortion errors were not the
error type most negatively associated with transeription agreement. Rather, the
pattern of correlation cocfficients and subject-level trends in Figure 14 provides no
clear interpretation of the role of subject error type in transcriber agreement. For
consonants, the absolute and relalive percentages of deletion errors are apparently
most associated wilh agreement, but the magnitudes of the nepative coefficients
account lor only approximately 16-21% of the variance: For vowels, the magnitudes
of association are even lower. Thus, although these unpartialled analyses indicate
low 1o moderate associations hetween ecror Lype and transcriber agreement, they
[ail 1o provide useful insight towards a model of the primary sources of variance in
transcriber agreement.
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Additional analyses were undertaken on the passibility that the category distor-
tiong might be msensitive 1o individual effects within the 35 diacritics marking
distortions. To pursue the hypothesis, the 48 subjects’ distortion errors in the onginal
speech samples were sorted and tallied using the seven diacritic classes described
previously (see Figure 3 for a diacritic class example, Tongue Configuration). Spear-
man rho coefficicnts comparing the rank-ordered tallies within cach diacritic class
with subjects’ rank-ordercd consonant and vowel transcription agreement were
calculated. Of the 14 coefficients (seven diacnilic classes with consonant and vowel
Lranseription agreement), four (29%) were significant at the 0-05 level, each reflecting
an association ol diacritics with transcription agreement [or vowels: Lip= —0-35
( p=0032); Tongue Position= —0-51 { p< 0-002); Sound Source=—{0-33  p<0044);
and Other=—053 (p=<0002). The magnitude of these correlations does suggest
that certain types of vowel distortion errors are particularly difficull to transcribe
reliably, Similar findings have been reported in the lterature, with subtle chunges in
vowels among the most difficult perceptual task for persons being trained in phonetic
transcription {Shriberg and Kent, 1982),

The overall trends and correlation coefficients in Figure 14 and the additional
analyses at the diacritic class level suppest the following generalization:

Meither the absolute nor relative percentapes of cach of the primary error types—

deletions, substitutions, or distortions —ure highly associaled with ranseription

agn:cmem.
The wording of this generalization attempts to express a balanced view ol the Andings
in relation Lo the g prior assumplion that distortion errors are the mast difficult to
transcribe reliably. Although the primary and additional analvses did include some
statistically significant coeflicients associating distortions (especially on vowels) with
transcriber agreement, the magnitudes of the coefficients were relatively modest.
Mareover, cach of the other two error types, deletions and substitutions, was at
least moderately associated with transeriber agreement, Thus, although the source
of the 20 percentage point average difference between broad and narrow phonetic
transcription computationally implicates distortions, the subject-level data do not
provide strong quantitative support for o unique difficulty associated with the use
of diacritics to mark distortions.

Severity of involventent and intelligibilicy
The final two subject-level variables address possible associations between the degree
of speech involvement and level of transeription agreement. Whereas the previous
error-lype analyses assessed the contribution of each of the error types Lo ranscrip-
tion agreement, the present analyses provide & test of summative associations belween
articulation errors and transcription agreement, The two summalive measures are
the Percentage of Consonants Cerrect (PCC) and the Intelligibility Index. Figure 15
i5 a display of the relevant information for cach vanable, using the same 48 speech
samples and data formatting procedures described previously for eeror type. Three
of the four correlation cocfficients are significant at the 0:05 level, with magnitudes
again only in the moderate range (approximately 14-18% of accounted variance).
The trends and correlation coefficients shown in Figure 15 support the following
peneralization:

Transcriber agreement on consonants and vowels has a low to moderately positive

associgtion with subjects’ severity of involvement, as indexed by percentage of
consonants correct and mtelligibility.
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Researchers have observed that, when compuled with conventional point-to-
point agreement statistics (for alternative agreement statistics see Diedrich and
Bangert, 1976; Kearns, 1990; Kearns and Simmons, |988; Schliesser, Stevens and
Bruce, 1973), transcription agreement is lower for transcripts containing many
incorrect sounds. Presumably, lowered agreement is functionally associated with the
increased complexity of perceptual and cognitive resources needed to process poten-
tiglly non-acceptable phoneme tarpets. The present test of this observation does
support the generalization, but the strength of the association is again modest. One
possible methodological limitation on the magnitudes of the obtained correlations
is the relatively restricted ranges of severity in the present study, compared to other
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studies based on subjects with normal specch as well as speech errors. Another
possible methodological limitation is that sevenity percentages are based on the entire
origimal speech samples, rather than on the samples excerpted [or the transcriber
reliability studies. Also, compared to present subjects and transcription systems,
studies reporting stronger correlations between transcriber agreement and severily
of involvement have used correcl/incarrect scoring systems with children having
primirily residual distortions {e.g. Diedrich and Bangert, 1980),

Conclusions

The 16 generalizations about the reliability of broad and narrow phonetic transcrip-
ton are summarized in Table 12, using the same organizational framework followed
throughout this report. These conclusions have been denved from graphic descrip-
lions and umvariate, nonparametric analyses. Hopefully, they will stimulate con-
trolled studies, using prospective designs that allow multivariate methods,

The primary methodological suggesuon [rom this retrospective study 15 that,
even as carried out by well-trained research personnel, narrow photetic transeription
may be unreliable For certain of the purposes for which it currently is used in
communicative disorders. Such restrictions on the limits of perceptual transcription
underlic the need for an acoustic-aided technology for segmental and suprasegmental
{e.g. Shriberp, Kwiatkowski and Rasmussen, 1990a,b) transcription. The long-term
potential for a speech recognition technolopy able to complete certain clinical and
rescarch transeriplion tasks is also not unrealistic. Current limitations in acoustics
instrumentation for general use include the lack ol o standardized set of acoustic
cues and analysis procedures to identify relevant phonetic parameters, slow pro-
cessing speeds and limitations n the storage capacity of non-dedicated systems, and
the costs of complete signal-processing systems. However, with increasing impetus
for technology transfer now evident at national and international levels, considerable
progress towards effective, efficient, and senerally alfordable technologies should be
expected during the 1990s,

Until a period when validated acoustic-aided transeription is available for routine
clinical use, researchers, university instructors, and cliniciuns must make o greater
effort than currently observed to maximize and document the accuracy of their
phonetic transcriplion. In turn, editors and journal readers muost demand sufficient
information about the methods and reliability of transeniption. Based on the re-
lighility findings from some levels of transcription in the present study, it is clear
that certain gquestions involving phonetic trunseription must be approached with
extreme caution, Rather than allowing the answer to questions to hinge on the
validity and reliability of a few transcribed tokems, multiple sources of evidence
should be presented to support each clatm.
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Table 12, Swmwrary of genevalizations abont sources of variance for further research

Seurce Fariatle Cremeralization
A, Subjects L. Trtelhgibity Transcriber apgreemenl on consonanis
3, Severity of and vowels has a low to moderately posi-
involvenent Live association with subjects” severity of

nvolvement, as indexad by percentage
of consonants correct and intelligibility.

1 Type of error Meither the absolute nor relative pereent-
ages of cach of the primary error types—
deletions, substitutions, or distortions—
are highly associaled with transcription
agreement,

4. Clinigal significance Transeriber agreement is not associatcd
with the clinical significance of diacritical
description of speech,

B. Analyses 3. Transcnibers —

6. Type of apreement The two types ol transcription agree-
ment, inter-judge and intra-judge, have
essentially similar average percentages of
agreement, ranging from the mid-605 Lo
the mid-high-20s.

7. Types of systems The two systemms of phonetic transcrip-

tign, broad (93%) and narrow (749,
differ in-average transeription agrecment
by approximately 20 points,

Agreement eriteria The three types of transcription agree-
ment criteria for diacritics, exact {33%).
within-class (40%), and any digeritic
(48%), differ in average transcription
agreement  (uncorrected  for  chance
agreement) by a ranpge of approximately
15 points,

e

C. Contexts 9, Bampling mode Transcription agresment based on con-
linwous speech samples is somewhat
higher than agreement hased on artcu-
lation tesl responses.

10, Structural, —
gprammatical,
and stress forms
1. Ward position Of the thres word positions, word-initial
consonants are generally  transcribed
most reliably, with word-final conson.
ants typically associnted with the lowest
reliability.
12, Target environmen -
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Table 12 Continued

Source Vuriahle Generalization
o Units L3, Class Average lranscnplion agreement at the
b4, Features level of phonelic features and classes is

within acceptable levels or broad tran-
seriplion ¢nd generally below aceeptable
levels [or narrow phonetic ranscription,

15, Sounds The reliahility of broad transcription of
vowels in a sample 15 essentially indepen-
denl of their rank-order of occurrence
and percentage correcl. For consonants,
transeription agreement is independent
of rank-order of occurrence and lower,
but within an acceptable range, for the
12 most  [requently misarticulated
sounds.

Averape lranscriplion agrecment per-
centages for cach of 41 sounds are within
aceeplable levels Tor broad transcription,
bt gencrally below scceptable ranges
[or narrow phonelic transeriplion

Lo, Dhscritics There are substuntial differences in the
average number of diacritics per word
used by differant conscisus transcription
leams within and  between sampling
modes and subject proups.

There is Fairly stable consistency in the
average mumber of diacritics per word
used by the sane consensus ranseriplion
leam doing narrow phonetic transcrip-
tion on the same speech sample.

The proportional occurrence of indi-
vidual diacritic symbols in narrow pho-
nelic lrunscription ranges [rom low Lo
mederately high depending on consensus
franscriplion teams, subject groups, and
sampling modes,

Transeription agresment on an ndi-
widual diacritic is essentially independent
of its proportional occurrence in & speech
sample

The averapge inter-judge and intra-
Judge percentage of aprecment ¢stimales
lor diacntie transeript are below accepl-
ahle reliability boundary levels, even at
the least strict agreement criteria.
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