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Investigating phonological planning processes in speech production
through a speech-error induction technique

Masataka Nakayama and Satoru Saito (Kyoto University)

The present study investigated principles of phonological planning, a common serial ordering mechanism
for speech production and phonological short-term memory. Nakayama and Saito (2014) have investigated
the principles by using a speech-error induction technique, in which participants were exposed to an auditory
distractor word immediately before an utterance of a target word. They demonstrated within-word adjacent mora
exchanges and serial position effects on error rates. These findings support, respectively, the temporal distance and
the edge principles at a within-word level. As this previous study induced errors using word distractors created
by exchanging adjacent morae in the target words, it is possible that the speech errors are expressions of lexical
intrusions reflecting interactive activation of phonological and lexical/semantic representations. To eliminate
this possibility, the present study used nonword distractors that had no lexical or semantic representations. This
approach successfully replicated the error patterns identified in the abovementioned study, further confirming that
the temporal distance and edge principles are organizing precepts in phonological planning.
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Visual presentation of the target (e.g., “ho-ro-yo-i”)
in the form of the imageability corpus and katakana.

Visual signal
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The distractor nonword was presented replacing

the 3rd, 4th, 5th, 9th, 10th or 11th tone.

" Ho-yo-ro-i
Tone

Figure 1. A schematic illustration of the procedure.
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Table 1
Qualitative categorization of errors

High imageability Low imageability
movement total 29 26
exchange 13 10
exchange with deletion 0 0
exchange with addition 3 2
anticipation 0 4
anticipation with deletion 0 0
anticipation with addition 0 0
perseveration 2 1
perseveration with deletion 0 0
perseveration with addition 3 2
others with deletion 8 7
substitution total 22 17
substitution 21 13
substitution with deletion 1 3
substitution with addition 0 1
mixed (movement + substitution) 7 9
pure deletion (incomplete) 3 1
correct 1073 1091
# of trials 1134 1144

Notes: All error categories are based on mora sized units. Errors were broadly categorized into movement, substation,
and mixed errors. Movement errors in which correct mora (e) appeared in incorrect positions consisted of exchange,
anticipation, perseveration, and other movement. Exchange: two morae within a word were exchanged. Anticipation:
one mora appeared both at an earlier position and at the correct position. Perseveration: one mora appeared both at the
correct position and at a later position. (Although these three errors are theoretically not mutually exclusive, as there are
four mora positions in each target word, they were mutually exclusive in this dataset). Other movement: except for the
error types described above, all produced morae were correct, but at least one mora appeared in the wrong position due
to deletion of deletion of the previous mora. Substitution errors were defined as erroneous utterances in which the
wrong mora (¢) appeared. Mixed errors were defined as at least one correct mora in the wrong position and at least one
incorrect mora present. Independent of these criteria, word length of erroneous utterances was considered. Addition and
deletion indicate utterances longer or shorter than four morae, respectively. Pure deletion is an utterance in which all

uttered morae were located in the correct positions, but at least one mora was omitted (an incomplete utterance).
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ELTHFETERVEW) T LERL TS DIT TR
W, BMO 45T & LT, Nakayama & Saito (2014)
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Figure 2. Incorrect error rate as a function of phonological similarity, exchanged mora positions, and target imageability.

Note. Gray and white bars indicate mean raw error rate in the phonologically similar and dissimilar conditions, respectively.

Error bars indicate standard errors of the means based on participant analysis.
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Table 2
Summary of mixed-effects logistic regression analysis

Random effects

Groups Variance SD Correlation
Participant Phonological similarity 0.05 0.22

Edge 0.04 0.19 1.00

Primacy gradient 0.83 0.91 0.69 0.69

Imageability 0.05 0.23 0.86 0.86 0.22
Item Phonological similarity 0.57 0.76

Edge 0.25 0.50 -1.00

Primacy gradient 2.74 1.65 -0.61 0.61
Fixed effects

Estimate SE z value Pr(>lz)) x Pr(>¢)

(Intercept) -3.75 0.60 -6.24 <.001
Phonological similarity -0.26 0.17 -1.53 >.1 1.37 >1
Edge 0.72 0.14 4.98 <.001 5.15 <.05
Primacy gradient 1.01 0.43 2.35 <.05 2.69 >1
Imageability -0.09 0.15 -0.63 >1 0.00 >1

W& 2RI IR e h o 72,

IZ—FK T95—% (Figue2) % RAMETI A
T4 v 7 RS H (Jaeger, 2008) & HI\v»THHr L 720
AT IEREFY 7 b = 7 & L TR (R Core Team,
2013) &7z EEREDE - — 7 3QIRAE O
RFNTHME I N WICER T 55 I =2 EHw
Ta—PMbL7 2= MEd2BIEL T =I5
RRBIEE B X9 LT Thbb, HHEMEON
(phonological similarity) OFjH & LT, FWGEMF%E 1,
FEFWSME -1 & Lo CIRALE ORRITH L Tk
SRHINLE R & W Z S 72, “Widh (edge)” & “F)
AL (primacy gradient)” D 2 D OB A H\v7z, Ik
B ERPOIENEOBEE— 2B L720b D
T <, 4 OB S FRF AR UG SR
Ry FERLETOLDOTH 70, HEmIIFIESH
P ERELRIVLER R 2R E 20T TH D, R
I E RN RS BRSO AT T, €
2T, 200F— 7 IR E R R OB TILIEM S
BETRTO0 & L7z BUWFERIC W, "
DEFIF 12 £ 3435 -1La—FL, 23131
L7z “WIBHAR OBHIE 12 2% -1, 2-3 25 % 0,
3ARMAE 1L A—-F LAz, SN Cillfime L
T (imageability) % EERIH & L CTHHricHx
AL7z0 ZrahHE LT, Nakayama & Saito (2014) &
FRRICEMNE EHE BT W IHE R TXTO
BERHZIRA L7205, HEPDOR L o 7272, )
RIHZBRW2ET NV E2ICICHH 217> 72 (Barr, Levy,
Scheepers, & Tily, 2013) . BRI EOMEIL, TXTD

WREHRALZETF N EZ 205 Y EEN RO E
Brn7z BTN & RS UELILMGEIZ X - T - 72 (Barr
etal,2013)o Table2 AVRT &L 912, “WHAAER" ORhE
BEERRETHEECE G o722 i Ed
Nakayama & Saito (2014) O ®) & (FlJ5 4R % (SE)
WXFEER 127068 (049), FEBR2 23098 (0.51)) &
EoRhREEEESR TS (AR (SE) 13 1.01
043))0 F72, WM OMPRIEAEETHo72. Th
5 X0 FEHEENERIC X o THFE SN BVhEN
IZBWT L RYIMERREIFHH SNz wR 5,
PEDNFAIEE T Do 7225 HPEO#)HF13RT
MERREREWICHKTI L2 L TobDTH 2720,
C ORERIE 12 RIS L NSO T — =
MRBED T LAIEUSLAO P E P22 L &K
WMLTWEEEZLNL, LMEPEIZOWTIEZ O
THHEEEHRIR SN h 5725

$)ANIT =L EOLMTIRAEETH > 720

512 RIS ORISR O T 5 — TN S
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Appendix
Psycholinguistic variables of the stimuli
High imageability Low imageability
Target word disfi(:reli:: ((’i::trf;)ztor Target word disji:i:: (:iri(sjtrf;)ztor
Word frequency (logl0)  Mean 2.05 2.05 2.05 2.05
SD 0.42 0.44 0.42 0.42
Min 1.34 1.32 1.40 1.23
Max 2.97 3.00 2.97 2.93
Imageability Mean 4.85 4.88 3.36 3.45
SD 0.37 0.29 0.29 0.19
Min 4.51 4.51 2.44 2.82
Max 6.29 5.86 3.69 3.69
MI1M2 Bi-mora Mean 5.63 5.55 5.56 5.63
frequency (logl0) SD 0.32 0.38 030 0.29
Min 4.91 4.55 4.62 4.83
Max 6.21 6.17 6.19 6.12
M2M3 Bi-mora Mean 5.48 5.52 5.47 5.42
frequency (log10) SD 0.40 037 0.41 0.43
Min 4.64 4.63 4.52 4.38
Max 6.26 6.28 6.20 6.30
M3M4 Bi-mora Mean 5.61 5.65 5.67 5.73
frequency (log10) SD 0.29 030 038 038
Min 4.99 4.97 4.65 4.29
Max 6.29 6.35 6.59 6.36
% of phonemes shared Mean 239 24.1
between target and SD 11.8 11.7
dissimilar distractor Min 0.0 0.0
Max 50.0 50.0




