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Abstract
Relatively little attention has been devoted to the discourse-level

prosodic encoding and speech planning in second language (L2)

speech. This study reports a preliminary study on learners’

discourse prosody encoding pattern and makes a comparison

with that of native speakers. Using a corpus of spontaneously

produced picture story narratives, we analyzed general charac-

teristics of prosodic units (PUs) and explored relationships be-

tween pitch encoding (cross-boundary f0 heights and f0 slopes)

of PUs and the semantic completeness of PUs in English spon-

taneous speech by native speakers, beginning learners, and ad-

vanced learners. The results indicated that beginning learners

showed neither sensitivity to semantic units in discourse (DUs)

in their f0 encoding nor distinct signs of pitch-related preplan-

ning based on DUs, suggesting improper phrasing of the least

proficient non-native speakers. Both native speakers and ad-

vanced learners were sensitive to the initiation and termination

of DUs in their prosodic encoding; however, only native speak-

ers showed clear signs of DU-based preplanning. We argue that

the observed between-group differences in L1 and L2 speech

might be attributed to differences in the scope of speech plan-

ning, i.e., compared with native speakers, who mostly produce

complete semantic units, learners’ speech is produced step by

step with pauses between phrases.

Index Terms: spontaneous narratives, speech planning

1. Introduction

Prosodic aspects of non-native speech have received a large

amount of attention in phonetic and psycho-linguistic research,

and most researchers agree that L2 prosody deviates to some de-

gree from the native norm, notably in pitch variation [1], pitch

range [2] and rhythm [3]. In addition, it is generally recog-

nized that learners’ organization of discourse prosody differs

from that of native speakers, and those differences are likely to

have an impact on comprehensibility [4]. Studies focusing on

discourse-level prosody have examined L2 speech from the per-

spective of speech rate, locations of discourse boundary breaks

as well as size and scope of speech planning and chunking

units. For instance, using a corpus of multilingual recordings

of a standard text, [5] demonstrated that L2 English was char-

acterized by slower speech rate, and therefore lower informa-

tion density. [6] suggested that L1 and L2 speech differed in the

distribution of prosodic break levels and break locations, and at-

tributed this to between-group differences in the size and strat-

egy of discourse-level speech planning (i.e., L2 speakers use

smaller scope of speech chunking and fewer large-scale plan-

ning units). Prior work also demonstrated that in L2 speech,

realization of prosodic cues to discourse structure (e.g., use of

intonation to signal topic change) in continuous speech corre-

lated with language proficiency [7].

Here, we extend this line of research and analyze whether

the pitch encoding (initial f0 height, the final f0 height, and

the f0 slope) of a PU varies as a function of its semantic com-

pleteness in L1 and L2 spontaneous speech, and attempt to an-

swer the following questions: 1) whether the PUs produced by

native speakers and L2 learners of different proficiency levels

show different characteristics, 2) whether native speakers and

L2 learners of different proficiency levels are sensitive to se-

mantic units in discourse (DUs) in their prosodic encoding, and

3) whether they are capable of DU-based pitch-related preplan-

ning in spontaneous speech production. Analyses of the rela-

tionship between prosodic encoding and the semantic structure

of the speech segments may shed light on the mechanisms of

speech preplanning and intonation acquisition.

1.1. Sensitivity to the DU

Following prior work [8, 9], the semantically-defined unit is re-

ferred to as “semantic unit in discourse”, which is often struc-

turally encoded by a clause and considered a basic seman-

tic unit in our daily interactions; the perceptually-defined unit

is referred to as “prosodic unit”. The semantic completeness

of the PU is defined based on its co-extensiveness (i.e., its

match/mismatch of left/right alignment) with a DU.

Figure 1: A graphic illustration of research question 2.

The analysis of learners’ sensitivity to DUs is based on the

assumption that if speakers are sensitive to the initiation of a

DU, the initial f0 encoding of the PU that starts a DU is ex-

pected to differ strongly from the initial f0 of PUs starting in the

latter part of the DU. Therefore, the initial f0 height of the PU

is expected to positively correlate with the PU-DU left align-

ment (cf. the top part of Figure 1). Similarly, if speakers show

sensitivity to the termination of a DU, the final f0 encoding of

the PU that ends a DU is expected to to differ significantly from

that of those PUs terminating in the middle of the DU. Thus the

final prosodic encoding of the PU is expected to negatively cor-

relate with the PU-DU right alignment (cf. the bottom part of

Figure 1). Consequently, the overall f0 slope is expected to be

steeper if more sides of the PU are aligned with the DU. The for-
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mer relationship indicates that speakers are aware of the initia-

tion of a semantic unit at the onset of the PU articulation, which

is reflected in the higher initial f0 height in speech production.

The latter relationship indicates that speakers are aware of the

termination of a semantic unit when arranging the prosodic con-

tour, which is prosodically marked by the lower final f0 height

in speech production. The match/mismatch of PU-DU bound-

aries is consistently marked by varying prosodic encoding, in-

dicating speakers’ sensitivity to semantic units.

1.2. DU-based pitch-related preplanning

Studies on pitch-related preplanning have established the exis-

tence of a significant relationship between phrasal f0 parame-

ters (i.e., initial f0 heights, final f0 heights, and f0 declination

slopes) and the length of intonation phrases (IPs) in read speech

[10,11], scripted speech [12], and spontaneous speech [8,13]. In

addition, [8] reported that semantic completeness of the speech

segment was strongly associated with its prosodic parameters,

which was taken as evidence for speakers’ capability of DU-

based pitch-related preplanning.

Figure 2: A graphic illustration of research question 3.

Based on [8]’s study, this study hypothesizes that if speak-

ers show signs of DU-based pitch-related preplanning, the ini-

tial f0 height of PUs is expected to negatively correlate with the

PU-DU right alignment (cf. the top part of Figure 2) and the

final f0 height is expected to positively correlate with the left

alignment (cf. the bottom part of Figure 2). The former relation

suggests that speakers provide anticipatory prosodic cues for

the semantic completeness of the subsequent unit at the speech

onset. The latter relation suggests that speakers are aware of

the beginning of a semantic unit leaving a carryover prosodic

cue at the end of articulation. Namely, for PUs which termi-

nate a DU, there will be an overall f0-lowering resulting from

the PU-termination anticipatory effect. And for PUs which ini-

tiate a DU, there will be an overall f0-raising due to the PU-

initiation carryover effect if speakers are capable of DU-based

pitch-related preplanning.

2. Materials and method

2.1. Corpus of spontaneous narratives

Speech recordings were taken from the ALLSSTAR Corpus

[14], which consists of scripted and spontaneous speech pro-

duced by native English speakers and L2 learners. The subset

of corpus selected in the present study comprised L1 and L2

English spontaneous narratives elicited by two cartoon prompts

“Bird’s New Hat” [15] and ”Bubble Bubble” [16]. Word and

phoneme boundaries have been provided in the time aligned

textgrids [17]. Since there were limited data available for each

language, we gathered speech produced by learners from differ-

ent language backgrounds. L2 learners were then divided into

two groups by their average pronunciation and fluency scores.

Information of talkers selected here is provided in table 1.

Table 1: Information for talkers in the ST1&ST2 sub-corpus.

Group Speakers Average Age Proficiency scores

L1 ENG 12 English 20.2± 2.0 –

L2 expert
5 Turkish, 5 Mandarin,

1 Russian, 1 Portuguese
24.1± 3.2 71.5± 6.4

L2 novice
2 Turkish, 5 Mandarin, 1 Vietnamese,

2 Korean, 1 Portuguese, 1 Japanese
24.6± 2.5 53.8± 5.6

2.2. PU and DU annotation

Prosodic unit boundaries were annotated based on the pitch

variation and timing patterns perceived from the audio signals,

i.e., a clear perceivable pitch reset, lengthening of the final syl-

lables in the previous segment and the shortening of the initial

syllables in the subsequent segment, and noticeable pauses.

DUs have been studied as basic analytic units in research

on cross-linguistic comparative analysis of spontaneous speech

segmentation [18]. Technically, a DU was characterized as a

part of an utterance including a predicate and the predicate’s

key arguments, and was structurally encoded as a clause. The

main predicate was the semantic core of the DU and annotators

used it as a clue to the boundaries of a DU.

Figure 3 provides a graphic illustration of possible PUs and

PU-DU alignment conditions. The first PU is left-aligned with

a DU but not right-aligned, i.e., in the match of left alignment,

and mismatch of right alignment condition. PU and DU anno-

tation was performed by two students majoring in linguistics,

and annotation points at which two annotators expressed dis-

agreement were removed from final analysis. We also excluded

those PUs which were abandoned by the speakers in the ensuing

speech or too short to extract reliable f0 values.

Figure 3: An example of PU and DU annotation.

2.3. Prosodic parameter extraction

F0 extraction was performed using the auto-correlation method

with recommended pitch ranges (75-300 Hz for male) through

the Parselmouth API of Praat [19, 20]. The raw F0 values were

then normalized to semitones with the formula (1), where the

f0 base was computed as the 5th percentile of all f0 values of a

speaker.

Semitone = 12 ∗ log
2

(

F0

F0 base

)

(1)

Raw f0 values in Hertz were transformed into the logarith-

mic semitone scale to minimize individual differences. To mea-

sure f0 declination, the raw f0 points were linearly interpolated

and then smoothed by passing through a Sabitzky-Golay filter

with a third-order polynomial and a 5-sample window [21]. Af-

ter that, a linear regression line was fitted to the continuous f0
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points of each PU using the least-squares method. The slope

term of the fitted lines was extracted to describe the slope of f0

declination [12]. The highest f0 value of the first syllable and

the lowest value of the last syllable of each PU were extracted to

represent the PU initial and the PU final f0 heights respectively.

2.4. Statistical analysis

Linear mixed effect models [22, 23] were fitted on the PU-

initial, PU-final f0 heights and the slope of the f0 declination.

As previous studies have demonstrated the strong correlation

between utterance length and f0 slope, we included PU length

as the control variable. Speakers were treated as random factors.

3. Results and discussion

3.1. General characteristics of PUs

Table 2 summarizes the distribution of PUs for the three groups

according to the four PU-DU alignment conditions. Figure 4

shows speech rate and planning unit size comparisons of the

three groups. Here speaking rate was computed at the PU level,

i.e., average syllable number per second in a PU. Planning unit

size was calculated as the number of orthographic syllables in a

PU. The average pitch range is shown in Figure 5.

Table 2: PUs’ distributions according to alignment conditions.

PU-DU Alignment N %

Left Right L1 ENG L2 expert L2 novice L1 ENG L2 expert L2 novice

- - 34 152 252 0.08 0.25 0.39

- + 108 199 171 0.25 0.33 0.27

+ - 112 201 202 0.26 0.33 0.32

+ + 185 57 15 0.42 0.09 0.02

It is noticeable that the three groups differ in terms of the

patterns of distribution. Around 42% of the PUs align with DUs

on both sides in L1 English speech, whereas only 9% of the

PUs span a whole DU in L2 speech by advanced learners, and

less than 5% in L2 speech by beginning learners. About 92%

of the PUs in L1 speech are aligned with DUs on at least one

side, while the number of PU-DU alignment on at least one

side is comparatively smaller in L2 spontaneous speech (75%

in speech by L2 expert and 61% in L2 novice).

3.1.1. Speaking rate

As shown in Figure 4, learners’ average speaking rate is slower

than native speakers. This observation is consistent with previ-

ous studies on articulation rate (i.e., syllables/second excluding

silent pauses) in L2 speech [5,6]. In addition, as language profi-

ciency level increases, learners’ speaking rate tends to be faster

and more native-like.

Figure 4: The left subplot shows speaking rate (y-axis) plotted

against speaker groups (x-axis). The right subplot shows plan-

ning unit size (y-axis) plotted against speaker groups (x-axis).

3.1.2. Planning unit size

As suggested in Figure 4, the size of each PU produced by na-

tive speakers is larger and almost twice as large as the average

PU size produced by language learners. In addition, advanced

learners seem to be able to plan speech on a larger scale com-

pared to beginning learners.

3.1.3. Pitch range

Figure 5 shows that the PUs produced by learners have nar-

rower pitch range, suggesting less amount of pitch variation in

L2 speech. This observation echos prior work on pitch charac-

teristics of L2 speech [24]. Moreover, PUs of advanced learners

have slightly larger pitch range than those produced by begin-

ning learners.
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Figure 5: The average pitch range in L1 and L2 for different

sizes of PUs (e.g., <= 2 in the x-axis means the number of

syllables in the PU is less than or equal to 2).

3.2. Sensitivity to the DU

Table 3 summarizes the model parameters for the three groups.

It can be seen that after controlling the effect of PULength, a

significant relationship between PUInitialF0 and Left align-

ment and a strong correlation between PUFinalF0 and Right

alignment exist in English spontaneous narratives by native

speakers, and in L2 speech by the proficient learners as well.

There is a significant initial f0 up-shifting in left-aligned PUs

(Figure 6), compared to those not left-aligned (β = 1.67, t =
5.74, p < 0.001 in L1 ENG; β = 1.03, t = 4.57, p < 0.001
in L2 expert), and a significant final f0 down-shifting in right-

aligned PUs (Figure 7), in comparison with not right-aligned

ones (β = −1.31, t = −5.22, p < 0.001 in L1 ENG;

β = −1.43, t = −7.06, p < 0.001 in L2 expert). With regard

to f0 declination slopes (Figure 6, Figure 7), both PU-DU left

alignment and right alignment will introduce a steeper negative

f0 declination slope of the PU in native English spontaneous

speech (Left: β = −1.46, t = −3.67, p < 0.001, Right:

β = −1.17, t = −2.84, p < 0.01 in L1 ENG). However, no

evidence can be found in the PU slope shifting in the negative

direction in relation to PU-DU alignment in L2 speech.

It is noticeable that for the least proficient L2 learners in

our study, no significant relationship has been found between

PUInitialF0 and Left alignment, PUFinalF0 and Right

alignment, and f0 slope with respect to the two alignment condi-

tions. A possible explanation is that for less proficient learners,

their speech planning strategies differ from those adopted by na-

tive speakers, in that they may use smaller planning or chunking

units, which cover incomplete semantic units in spontaneous

speech production. As a result, less proficient learners produce
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Table 3: Summary of the linear mixed effect models

L1 ENG L2 expert L2 novice

PU-DU Alignment β SE t value Pr(>|t|) β SE t value Pr(>|t|) β SE t value Pr(>|t|)

PU initial f0 Left 1.67 0.29 5.74 1.80e-08 *** 1.03 0.23 4.57 5.96e-06 *** 0.43 0.27 1.56 0.12

Right -0.66 0.30 -2.18 0.0295 * -0.36 0.23 -1.58 0.11 -0.51 0.29 -1.77 0.0768

PU final f0 Left 0.57 0.24 2.33 0.0205 * 0.19 0.20 0.94 0.35 0.54 0.25 2.15 0.0322 *

Right -1.31 0.25 -5.22 2.76e-07 *** -1.43 0.20 -7.06 4.66e-12 *** -0.32 0.26 -1.22 0.22

F0 slope Left -1.46 0.40 -3.67 0.00027 *** -0.06 0.56 -0.11 0.91 0.86 0.61 1.40 0.16

Right -1.17 0.41 -2.84 0.004775 ** -0.55 0.57 -0.96 0.34 1.05 0.64 1.63 0.10

Notes: *** p < 0.001; ** p < 0.01; * p < 0.05.

these small units step by step, without paying much attention

to using pitch shifting to signal the start and the end of a DU.

This observation is in line with previous findings [25] and pro-

vides supporting evidence that beginning speakers show limited

capacity to plan on a large scale compared with L1 speakers.
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Figure 6: Mean values of PUInitialF0, PUFinalF0 and

PUSlopeF0 in relation to Left.

3.3. DU-based pitch-related preplanning

Consistent with prior research on prosodic encoding in native

Mandarin [8], the results give supporting evidence for DU-

based pitch-related preplanning within L1 speech. However,

there is little positive evidence for DU-based prosodic preplan-

ning in L2 spontaneous speech. There is a significant initial

f0 down-shifting in right-aligned PUs (Figure 7), compared

to non-right-aligned ones in L1 speech (β = −0.66, t =
−2.18, p < 0.05 in L1 ENG), but no significant relationship

has been found between the initial f0 height and PU-DU right

alignment in L2 speech produced by learners of different profi-

ciency levels. Speakers show a significant final f0 up-shifting

in left-aligned PUs (Figure 6), in comparison with non-left-

aligned PUs in L1 speech (β = 0.57, t = 2.33, p < 0.05
in L1 ENG). However, no significant relationship has been

found between the final f0 height and PU-DU left alignment

in L2 speech produced by learners of high proficiency. No-

tably, PUFinalF0 is significantly related to the Left align-

ment condition in beginning learners’ speech. The reason why

this is the case is not explainable based on our prediction. The

speech planning pattern of novice learners seems to deviate a lot

from native speech and even from speech produced by advanced

learners, in that f0 slope varies in the opposite direction with re-

spect to different alignment conditions compared with the other

two groups. Overall, it can be concluded that compared with

native speakers, learners showed less sign of preplanning a se-

mantic units in spontaneous narratives.
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Figure 7: Mean values of PUInitialF0, PUFinalF0 and

PUSlopeF0 in relation to Right.

4. Conclusions

The present study conducted a preliminary analysis of

discourse-level prosodic encoding and speech planning pattern

in L1 and L2 speech. Analyses of the general characteristics of

PUs indicated that L1 and L2 spontaneous narratives differed in

speaking rate, planning unit size and pitch range. Furthermore,

native speakers and L2 learners of different proficiency levels

showed varying sensitivity to DUs in their prosodic encoding

and differing capability of DU-based pitch-related preplanning.

The results presented in this paper are subject to several

important qualifications, since we only used a relatively small

dataset to draw inferences about speakers’ prosodic encoding

patterns. Future direction includes performing more thorough

analysis to address these issues.
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