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ABSTRACT. Language is a system of message transmission, which conveys a variety of 

messages including both lexical messages and social messages. It has been 

demonstrated that lexical messages are realized with phonetically reduced signals, when 

they are contextually predictable. For example, a word may be produced with shorter 

duration, when it is more predictable given a context such as a preceding word and a 

following word. This message-oriented reduction can be encapsulated by positing that 

a speaker is required to balance two biases: a bias for maximizing the accuracy of 

message transmission and a bias for maximizing the efficiency of message transmission 

(Hall et al. 2016). This raises a question: Does a speaker balance the two biases in 

relation to social messages? The aim of this study is to address this question, and 

advance our understanding of the message-oriented probabilistic reduction. We will 

explore the social-message-predictability effects by examining the phonetic redundancy 

in a variant in New Zealand English loanword phonology, more specifically, a tap sound 

[ɾ]. It is demonstrated that the duration of this non-native rhotic sound is affected by 

the social message predictability given a loanword. 
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1. Introduction 

Language is a system of message transmission, which conveys a variety of messages 

including both lexical messages and social messages. A speaker expresses a lexical 

message by producing a word carrying the intended message. For example, a speaker 

can refer to a particular animal by producing the word penguin. A speaker can also 

express her social identity as a social message by choosing one linguistic variant as 

opposed to another variant. For instance, a speaker may express “formality” and 

“intelligence” by producing a velar variant of an ING-morpheme as opposed to an apical 

variant (Campbell-Kibler 2007; Eckert 2008).  

It has been demonstrated that a message with higher predictability tends to be 

produced with a reduced signal (see Jaeger and Buz 2017 and their citations). In a 

spoken language, reduced signals refer to speech sounds with low levels of articulatory 

and acoustic redundancy such as shorter segments and centralized vowels (Aylett and 

Turk 2006). For example, a lexical message may be produced with shorter duration, 

when it is more predictable given a context such as a preceding word and a following 

word (Jurafsky et al. 2001; Bell et al. 2009). This predictability-based reduction is called 

probabilistic reduction. Although probabilistic reduction has been intensively discussed 

in relation to lexical messages, it is, to the best of our knowledge, yet to be discussed 

with regards to social messages. It is this research gap that this study addresses: 

 

(1) Research question in this study 

To what extent is the production of a variant in socially meaningful variation 

affected by the predictability of the social message? 

 

Addressing this question allows us to provide further insights into the understanding of 

the message-oriented probabilistic reduction. 

    This question is addressed by exploring the duration of a non-native rhotic sound 

[ɾ] in a loanword borrowed from te reo Māori to New Zealand English (NZE). NZE 

borrows a large number of words from the indigenous language te reo Māori. The /r/ 

sounds in Māori loanwords may be pronounced by NZE speakers as tap sounds [ɾ] or 

as approximants [ɹ]. My previous work (Hashimoto 2019a) demonstrates that this 

variation includes both inter- and intra-speaker variation, and argues that it is a socially 

meaningful variation. More specifically, tap sounds are more likely to be produced by 

speakers strongly associated with Māori (e.g., those who have stronger relationship with 
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Māori culture and language; those who have more positive attitudes towards Māori 

culture and language) and in speech strongly associated with Māori (i.e., speech topics 

relate to Māori). On the basis of this variation, it can be hypothesized that the 

production of tap sounds as opposed to approximants in Māori loanwords is socially 

meaningful: 

 

(2) Social message carried by tap sounds [ɾ] in Māori loanword 

NZE speakers express social messages associated with Māori by producing tap 

sounds in Māori loanwords. 

 

The current study uses this socially meaningful variation in loanword pronunciation as 

a case study to address the research question in (1). 

    The remainder of this paper is organized in the following way: Section 2 provides 

further background on the message-oriented accounts, on the basis of which a specific 

prediction is deduced; Section 3 details the methods used in this study; Section 4 

presents the statistical results; Section 5 discusses the results and situates them in the 

context of a message-oriented approach; Section 6 concludes this paper. 

 

2. Message-Oriented Phonology (MOP) 

This section reviews Message-Oriented Phonology (MOP) (Hall et al. 2018). 

MOP assumes that sound systems are shaped by pressures on message transmission. A 

message transmission system is defined as a system in which a transmitter encodes an 

intended message into a signal and sends it to a receiver who reconstructs the message 

from the signal (Shannon 1948). In a spoken language system, a message is a meaning-

bearing unit (e.g. lexical meaning and social meaning), a signal is a phonetic form with 

acoustic gradient features (e.g. formant values and durations), and a transmitter and a 

receiver are a speaker and a listener respectively. The message transmission is accurate 

and successful if the message encoded by the transmitter (i.e. intended message) is 

identical to that decoded by the receiver. 

MOP hypothesizes that speakers use “the right sort of redundancy” to avoid 

“inefficient redundancy,” and thereby augment “the likelihood of sufficiently accurate 

and cost-effective message transmission” (Hall et al. 2016: 32). That is, this approach 

hypothesizes that effective communication involves balancing resource cost and 

message transmission accuracy, and it is this “effective trade-off” that results in 
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phonetic variability. Consequently, this theoretical framework predicts that redundancy 

in a signal is determined by the probability of accurate message transmission, i.e., 

redundancy will be increased (thereby increasing the accuracy) when the probability of 

accurate message transmission is lower, whereas redundancy will be decreased (thereby 

decreasing the resource cost) when the probability of accurate message transmission is 

higher. The message transmission is usually accurate in relation to a message with a 

higher contextual predictability. This is because the message can be reconstructed from 

the context, even if the signal is not intelligible (i.e., the signal specificity is lower). 

Hence, MOP predicts that more redundancy is added in a signal when the intended 

message is less predictable, and vice versa, by postulating the effective trade-off 

between accuracy and resource cost within message transmission. This relationship is 

formulated as a principle by Hume (2016): 

 

(3) Signal modification principle 

a. Increase redundancy in a signal (i.e., improve the signal specificity) when the 

message carried by the signal is less predictable given the context (i.e. the message 

predictability is lower), thereby increasing the accuracy. 

b. Decrease redundancy in a signal (i.e., lower the signal specificity) when the 

message carried by the signal is more predictable given the context (i.e. the message 

predictability is higher), thereby increasing the efficiency. 

 

    In what follows, we present more specific hypotheses with regards to the 

relationship between the redundancy of tap sounds in Māori loanwords and the 

contextual predictability of the social message. Recall that we hypothesized in (2) that 

tap sounds [ɾ] carry a social message associated with Māori. On the basis of this 

hypothesis, it can be posited that the predictability of a social message associated with 

Māori is represented by the selection predictability of tap sounds [ɾ] as opposed to 

approximants [ɹ] given a context (i.e., p(ɾ|ctxt)). The reason for this is that a social 

message is conveyed by choosing a sociolinguistically meaningful variant as opposed to 

the other variant(s), and therefore the predictability of choosing the variant should 

represent the predictability of the social message. For simplicity, the context is defined 

as a word or a speaker, because it has been demonstrated in the previous literature 

(Hashimoto 2019a) that the rate of choosing tap sounds as opposed to approximants 

differs in accordance with a speaker and a word: p(ɾ|speaker) and p(ɾ|loanword). The 
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by-speaker probability is supposed to implicitly represent how often the social message 

carried by a tap sound is expressed by the speaker in general, and the by-word 

probability implicitly represent how often the social message is expressed using the 

loanword. As explained below, the predictability will be transformed into information 

content by taking the negative log base 2 (−log2) of the predictability, and information 

content will be employed in the following statistical analyses. This is because 

information content is known to represent well the amount of uncertainty associated 

with choosing a message (Hume and Mailhot 2013). 

Next, we crucially hypothesize that the signal specificity of a social message could 

be enhanced by adding acoustic cues that one variant possesses but the other variant 

lacks. This would further differentiate the chosen variant from the other variant, with 

the result that the intelligibility may be improved. In the case of our study, we 

hypothesize that the signal specificity of tap sounds could be improved by lengthening 

the closure duration, that is, the lack of formant structure is a key cue to [ɾ]. In other 

words, we hypothesize that phonetic redundancy in tap sounds positively correlates 

with the duration of formant cessation. This hypothesis is illustrated in Figure 1. The 

left-most token represents a typical tap sound, while the right-most token represents a 

typical approximant. Note that the red lines indicate F3 transitions, and the absence of 

the line indicates lack of formant structure. The box represents the range of phonetic 

variability of tap sounds. The left-most token has clear formant cessation, and it 

differentiates a tap sound further from an approximant. This is because formant 

cessation is characteristic of a tap sound while lowered F3 is retained throughout an 

approximant. That is, speakers can increase the signal specificity of a tap sound by 

lengthening the formant cessation, thereby conveying a social message associated with 

Māori more accurately. As for the token in the middle, it has neither clear formant 

cessation nor clear F3 lowering (i.e., lower signal specificity), making it ambiguous, and 

thus a speaker’s intended social message may not be conveyed accurately. 
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Figure 1: Signal specificity for tap sounds 

 

As noted above, higher signal redundancy also incurs resource cost, and thereby 

decreases the efficiency of the message transmission. The hypothesis presented above 

is plausible given this point of view. Longer articulation of a sound makes 

communication slower in general (Levy and Jaeger 2007), and longer formant cessation 

may require a speaker to articulate a tap sound more carefully. That is, taking more time 

to produce tap sounds can increase signal specificity and the accuracy of conveying the 

social message, while it requires more articulatory redundancy and decreases the 

efficiency of the message transmission. 

    On the basis of the above hypotheses, the following prediction can be put forward, 

see Figure 2. As formulated in the signal modification principle in (3), when the social 

message associated with Māori is less predictable, a speaker is predicted to improve the 

signal specificity of tap sounds (i.e., further differentiate the variant from the competing 

variant [ɹ]), thereby increasing accuracy; when the social message associated with 

Māori is more predictable, a speaker is predicted to decrease the signal specificity of tap 

sounds, thereby decreasing resource cost. Recall that it is hypothesized that the signal 

specificity of a tap sound can be improved by lengthening the formant cessation, and 

that the social message predictability is represented by the predictability of choosing 

the variant [ɾ] as opposed to the other competing variant [ɹ]. 

 

(4) Message-oriented prediction about redundancy in tap sounds [ɾ] 

Tap sounds with lower information content (i.e., when a social message carried by 

tap sounds is more predictable) given a loanword and given a speaker are more 

likely to have shorter duration (i.e., shorter formant cessation), all else being equal. 
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Figure 2: Relationship between signal redundancy and social message predictability 

 

3. Methods 

    This section lays out the research designs to test the above prediction. First, we 

will clarify the source of data discussed in this study. Then, we will explain how the 

duration of tap sounds [ɾ] was acoustically measured, and how the social message 

predictability was calculated. 

 

3.1 Source of data 

    The data comes from a word-list reading task. 32 participants took part in this task 

along with another passage-reading task, which is not reported in this paper 

(Hashimoto 2019a). They are aged between 18-35. 26 speakers are female, and 6 

speakers are male. All the speakers identify themselves primarily as Pākehā rather than 

Māori. In this task, participants read aloud 36 Māori loanwords and 74 filler words 

within a carrier sentence “Say _ please,” which appeared with a cultural image on 

computer screen. The participants took the same task twice. We made an attempt to 

employ Māori loanwords familiar to New Zealanders. This set contained as many 

familiar loanwords with /r/ sounds as possible (see Appendix). The target loanwords 

are place names or common nouns, and they include word-initial /r/ and/or word-

medial /r/ (e.g., rata and koru). Four of the target loanwords included two /r/ sounds 

(e.g., Rotorua and Waimakariri), and they were analysed separately. The order of the 

words was pseudo-randomized using R (R Core Team 2016) to make sure that two or 

three loanwords appear every five words and loanwords never appear consecutively. 

After the experiment, the participants were asked to fill in questionnaires about 

their social backgrounds (e.g., attitudes towards and relationship with Māori) and 

knowledge of the loanwords (e.g., how strongly a target loanword is felt to be associated 
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with Māori and how often a loanword is used in daily life). The by-speaker social factors 

were reduced into three principal components, and the by-word social factors were z-

scored within a speaker. These statistically processed values will be employed in the 

following analyses. The whole questionnaires can be retrieved from Hashimoto (2019a). 

 

3.2 Acoustic analyses 

    Although 2,560 tokens of /r/ realizations were collected through this experiment 

(i.e., 32 participants x 40 /r/ tokens x 2 times), 59 tokens were excluded because of 

mispronunciation or disfluency and 134 tokens were removed because the participants 

did not know some loanwords. Hence, 2,367 tokens were analysed at the end. 

First of all, the /r/ realizations were classified into tap sounds and approximants 

using Praat (Boersma & Weenink 2016). 2,146 tokens were acoustically annotated by 

way of inspecting spectrograms. More specifically, tokens with clear consonantal edges 

were annotated as tap sounds (1,372 tokens), and those which have formant structure 

with lowered F3 were annotated as approximants (774 tokens). This classification 

method was checked by three other phoneticians. The remaining tokens do not have 

clear acoustic cues, and thus they were impressionistically annotated as tap sounds, 

approximants, and others. 

The domain of an acoustically identified tap sound was determined with reference 

to the waveform in the majority of cases. The onset of a tap was identified at the end of 

clear periodic waves (i.e., vocalic waves), and the end of a tap was identified at the start 

of clear periodic waves. This primary measurement criterion was developed on the basis 

of Foulkes et al. (2010). The sample annotation is shown in Figure 3. 

 

 

Figure 3: Domain of imported structure based on sound wave (“Moeraki” by P19) 

 

In several cases, segmentation was hard to make solely based on waveforms. In such 
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cases, spectrographic information was used. The onset and the end of taps were 

identified as the end and the start of clear vowel formants. This secondary criterion was 

also based on Foulkes et al. (2010). In both cases, it was ensured using a Praat script 

that the measurements were taken at zero crossing (Ladefoged 2006). 

 

3.3 Calculation of social message predictability 

    As was posited in 2.2, the predictability of a social message associated with Māori 

is represented by the selection probability of tap sounds as opposed to approximants. 

The context is assumed to be a loanword or a speaker, because the selection probability 

varies depending on loanwords and speakers. These conditional probabilities can be 

formulated in the following way: 

 

(5) Formula for two types of predictability of tap sounds against approximants 

𝑝(𝑡𝑎𝑝 𝑠𝑜𝑢𝑛𝑑|𝑙𝑜𝑎𝑛𝑤𝑜𝑟𝑑𝑥) ≈
𝑁(𝑡𝑎𝑝 𝑠𝑜𝑢𝑛𝑑 ∩  𝑙𝑜𝑎𝑛𝑤𝑜𝑟𝑑𝑥)

𝑁(𝑙𝑜𝑎𝑛𝑤𝑜𝑟𝑑𝑥)
 

𝑝(𝑡𝑎𝑝 𝑠𝑜𝑢𝑛𝑑|𝑠𝑝𝑒𝑎𝑘𝑒𝑟𝑥) ≈
𝑁(𝑡𝑎𝑝 𝑠𝑜𝑢𝑛𝑑 ∩  𝑠𝑝𝑒𝑎𝑘𝑒𝑟𝑥)

𝑁(𝑠𝑝𝑒𝑎𝑘𝑒𝑟𝑥)
 

 

These two types of selection predictability were calculated on the basis of the annotated 

data excluding those identified as “others.” In our data set, 41 /r/ realizations in Timaru 

were annotated as approximants [ɹ] and the other 16 tokens were classified as tap 

sounds [ɾ]. Then, the predictability of [ɾ] given Timaru is 28% (i.e., 16/57). In the 

same way, p(ɾ|koru) can be calculated as in Table 1. Speaker 6 produced 40 tokens with 

[ɹ] and 38 tokens with [ɾ]. Hence, the predictability of [ɾ] given Speaker 6 is 49% (i.e., 

38/78). Similarly, p(ɾ|Speaker10) is 84% as in Table 1. 

 

Table 1: Sample variant probabilities given loanword and speaker 

Number of [ɹ] and [ɾ] given loanword Number of [ɹ] and [ɾ] given speaker 

Loanword N of [ɹ] N of [ɾ] Speaker N of [ɹ] N of [ɾ] 

Timaru 41 (72%) 16 (28%) Speaker 6 40 (51%) 38 (49%) 

koru 14 (22%) 48 (78%) Speaker 10 12 (16%) 63 (84%) 

 

This raw probability was transformed into information content by taking −log2. For 

example, the information content of [ɾ] given Timaru is 1.83 bits (i.e., −log2(0.28)). 

The information content was centred throughout the whole dataset. Centring is the 
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rescaling of values by subtracting the mean, and helps us to reduce collinearity in 

statistical models. The following figures illustrate how raw probability and information 

content are related. As for Figure 4, the left-hand figure indicates the predictability of 

[ɾ] given a loanword, and the right-hand figure shows us the predictability of [ɾ] given 

a speaker in our dataset. The horizontal axis indicates raw probability, and the vertical 

axis indicates centred information content. In the following statistical analyses, centred 

information content is employed rather than raw probability. 

 

 

 

Figure 4: Relationship between raw probability and centred information content given 

loanword (left) and speaker (right) 

 

An anonymous reviewer questioned why there is variation of tap-probability among 

Māori loanwords and that among participants. Hashimoto (2019b) accounts for them 

using the usage-based theory, Exemplar Theory. That is, some loanwords are frequently 

produced by Māori speakers, and their lexical categories may be represented by a larger 

number of exemplars encoding tap sounds; some speakers are frequently exposed to 

Māori speech, and consequently their mental space may be filled with a large number 

of exemplars encoding tap sounds. 

 

4. Statistical analyses 

4.1 Number of observations 

    As stated in 3.2, tokens identified as tap sounds consist of acoustically identified 

tokens (1,372 tokens) and impressionistically identified tokens (116 tokens). The latter 

types of tokens are not clear in terms of their segmental domains, and therefore they 

are not included in the following statistical analysis. Hence, 1,372 acoustically identified 

tap sounds are analysed in what follows. 
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4.2 Variables 

4.2.1 Response variable: duration of tap sound [ɾ] 

    The response variable is the log duration of tap sounds. The measurement of raw 

duration is as explained above. The raw duration was transformed into log duration by 

taking the natural log. Figure 5 shows the density of the raw values and the log-

transformed values. The mean of raw duration is 0.025 seconds, the median is 0.023, 

and the standard deviation is 0.008. The mean of log duration is −3.74, the median is 

−3.76, and the standard deviation is 0.32. As shown in the figures, raw distributions 

are slightly right-skewed, and the log-transformation remedies the skew. 

 

 

 

Figure 5: Density plot of raw duration (left) and log duration (right) of tap sounds 

 

4.2.2 Key predictors: IC(ɾ|loanword) and IC(ɾ|speaker) 

    As discussed above, the variables of interest are two types of centred information 

content: IC(ɾ|loanword) and IC(ɾ|speaker). These two variables were calculated from 

the two types of raw probabilities, p(ɾ|loanword) and p(ɾ|speaker), as discussed in 3.3, 

and they are called tapIC|loanword and tapIC|speaker respectively in what follows. 

 

4.2.3 Control variables: Phonological, sociolinguistic, and experimental variables 

    Some variables are fitted as control variables in the following statistical analyses. 

First, position in word is a variable that may highly affect the duration of a segment. It 

is well-known that word-initial segments are likely to be longer than word-medial 

segments (Lindblom 1968). A word-initial /r/ is coded as word-initial (e.g., rata and 

rimu), and a word-medial /r/ is coded as word-medial (e.g., koru and Timaru) in our 
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dataset. 

Prosodic position may also affect the duration of segments. It is well-known that a 

segment preceding a main-stressed vowel is longer, and a segment following a main-

stressed vowel is shorter (Umeda 1977). We annotated impressionistically these two 

prosodic features while taking intensity and pitch patterns in spectrograms into 

consideration. These are called precSt and folSt. 

Speech rate may also affect the duration of segments. A segment is likely to be 

shorter in faster speech (Byrd and Tan 1996). The local speech rate was calculated by 

the number of vocalic elements divided by the duration of a word minus the duration 

of imported structure (i.e., number of vocalic elements / (duration of a word – duration 

of [ɾ])). This represents number of vocalic elements per second, and it is expected that 

a segment is shorter when this value is higher. This variable is treated as SpRate. 

In addition to these variables, we explored some word-specific factors such as word 

frequency, word type (i.e., common words vs. proper nouns), and loanwords’ 

association with the source language (i.e., how strongly a loanword is deemed to be 

associated with Māori), some speaker-specific factors (i.e., attitudes towards Māori, and 

relationship with Māori), and experimental factors (i.e., session, and order of stimuli). 

 

4.3 Linear-regression analyses 

The 1,372 tokens of acoustically identified [ɾ]-realizations were hand-fitted into a 

mixed-effects regression model with the lmer function in the lme4 package (Bates et al. 

2015) and lmerTest package (Kuznetsova et al. 2016) implemented in R (R Core Team 

2016). We started with a model with all the variables and two random intercepts for 

speaker and word, and the backward elimination was performed, in which non-

significant factors were removed through model comparison in order to avoid 

overfitting. As a result, the model in Table 2 was selected as the best-fitted model. This 

model also includes by-word random slopes for SpRate and by-speaker random slopes 

for tapIC|loanword, position, and folSt. A Variance Inflation Factor (VIF) test was 

performed on the model, and the result suggested that there is no multicollinearity in 

the model. The other assumptions of linear models (linearity, homoskedasticity, and 

normality of residuals) were checked visually by inspecting a residual plot and a 

histogram of the residuals (Winter 2013). The reference levels are position medial and 

folSt no in Table 2. 
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Table 2: Summary of best-fitted model to predict duration of tap sound 

 Estimate Std. Error t value Pr (>|t|)  

(Intercept) -4.22130 0.11248 -37.529 < 2e-16 *** 

tapIC|loanword 0.14651 0.04960 2.954 0.005064 ** 

position initial 0.30220 0.03846 7.858 2.78e-11 *** 

folSt yes 0.08925 0.01839 4.854 1.46e-06 *** 

SpRate -0.20344 0.05354 -3.800 0.000161 *** 

 

As the response variable is the log-transformed duration of tap sounds, positive 

slopes indicate longer duration of tap sounds, and vice versa. As for the two variables of 

interest, only tapIC|loanword was found to be a significant predictor (β=0.14, t=2.95, 

p<0.01). This effect is in the predicted direction; that is, tap sounds with higher 

information content (i.e., lower predictability of choosing [ɾ]) given a loanword is 

produced with longer duration. Figure 6 illustrates the effect of tapIC|loanword on the 

duration of tap sounds. The horizontal axis indicates centred information content given 

loanword, and the vertical axis indicates the log duration of imported structure. The 

straight line represents a regression line, and the dots represent individual datapoints. 

Note that the horizontal axis corresponds with the vertical axis of Figure 4. 

 

 
Figure 6: Scatter plot of relationship between IC(ɾ|loanword) and log duration of tap 

 

On the other hand, tapIC|speaker does not show significant effects on the duration of 

imported structure (p=0.44). As for control variables, the three variables (position, 
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folSt, and SpRate) corroborate previous findings, i.e., a segment at word-initial position 

is longer (β= 0.3, t=7.85, p<0.001); a segment in a main-stressed syllable is longer 

(β=0.08, t=4.85, p<0.001); a segment is shorter in faster speech (β=−0.2, t=−3.8, 

p<0.001). On the other hand, we did not find significant effects of the other control 

variables such as word frequency and sociolinguistic factors. 

 

5. Discussion 

Let us now discuss the statistical results in relation to the duration of tap sounds 

[ɾ]. As was reviewed in 4.2.3, previous literature has demonstrated that the duration of 

a segment is determined by a variety of factors such as prosodic factors, usage factors, 

and predictability effects. It was found that this is also true in the production of tap 

sounds in Māori loanwords. It was found that position, folSt, and SpRate showed 

significant effects on the duration of tap sounds. The direction is as discussed in the 

preceding sections, and it is in line with the previous literature. 

    Next, we would like to discuss the results in relation to the prediction deduced in 

(4). It was found that one of the key variables, IC(ɾ|loanword), was found to influence 

the duration of tap sounds (β=0.14, t=2.95, p<0.01). This effect can be captured 

neatly by the message-oriented approach, as predicted in Section 2. A speaker may 

know how often a social message associated with Māori has been expressed using a 

particular loanword based on their speech experience, and the redundancy in tap 

sounds is guided by signal modification principle in (3). If the social message associated 

with Māori has lower predictability given a loanword, the speaker may add more 

redundancy to improve the signal specificity, thereby increasing the accuracy, as 

illustrated in Figure 7. 

 

 
Figure 7. Redundancy as a function of message predictability 
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The other variable, IC(ɾ|speaker), did not reach significance in our dataset. A reviewer 

pointed out that this may be because of the skewed distribution. As illustrated in Figure 

4, many of the participants in this experiment are likely to produce tap sounds in general. 

On the other hand, IC(ɾ|word) is relatively equally distributed. It is probable that this 

by-speaker message predictability reaches significance, if the data were more well-

balanced. This is left for future research. Another possible reason is that speakers may 

not be able to retrieve this predictability. The predictability of tap sounds given a 

loanword could be retrieved by calculating the number of episodic memories or 

exemplars with tap sounds and approximants associated with the lexical category. On 

the other hand, the predictability given a speaker would need to be retrieved by taking 

into account the overall number of exemplars with tap sounds and approximants within 

the whole cognitive system of the speaker. That is, the predictability of tap sounds given 

a speaker could be calculated on the basis of the much larger number of exemplars in 

comparison to the predictability given a loanword, and therefore it may be harder to 

retrieve. A support for this post-hoc hypothesis may come from a psychological study 

demonstrating difficulty in counting larger number of dots on a computer screen (Logie 

et al. 1986). An anonymous reviewer pointed out that this speculation only works if a 

speaker counts exemplars to retrieve frequency or probability. The reviewer suggested 

that it might be possible that “computation might be done live as each token was added 

to the cloud and the stored unit might simply be a parameter.” A detailed comparison 

of these competing hypotheses is beyond the scope of this paper, and it is left for future 

study. 

    Before concluding this paper, we would like to discuss sociolinguistic factors such 

as the participant’s attitudes towards Māori and relationship with Māori. As noted in 

Section 3.1, their association with Māori was measured through the questionnaires. 

Although the effects on the duration of tap sounds were explored, they did not reach 

significance and were dropped from the regression model. As one of the reviewers 

pointed out, MOP may predict that those associated with Māori may produce tap 

sounds with shorter duration. This is because the social message carried by a tap sound 

may be more predictable given a speaker. The null effects may be attributed to the 

nature of questionnaires. The answers to the questionnaires may be affected by self-

presentation concerns, and they did not measure the participant’s association with 

Māori well. It may be interesting for a future study to more carefully explore the effects 
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of implicit attitudes and explicit attitudes to a social group on the phonetic redundancy 

of a variant associated with the social category. 

 

6. Conclusion 

    The current study explored the relationship between the phonetic redundancy in a 

variant and the predictability of a social message carried by the variant. This question 

is addressed by examining the redundancy in a socially meaningful variant, a tap sound, 

in Māori loanwords in NZE. It was found that the redundancy in a tap sound is 

influenced by the social message predictability given a loanword. More specifically, tap 

sounds are produced with longer duration when the selection of tap sounds as opposed 

to other variants, approximants, is less predictable. This suggests that phonetic 

redundancy in a signal is affected not only by lexical message predictability, as 

demonstrated in previous literature, but also by social message predictability. Language 

is replete with socially meaningful variations, and it may be worth exploring them in 

relation to phonetic redundancy in future research. Further exploration regarding the 

predictability of choosing a variant in socially meaningful variation and its phonetic 

redundancy will add to our knowledge regarding how speakers optimize message 

transmission more in general. 
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