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Abstract

This study investigates how durational patterning at discourse
boundaries (duration of utterance-final syllables, silent pause,
and speech rate) is related to therapist empathy in
psychotherapy. Four psychotherapy sessions each from 39
therapist-client dyads conducted in Cantonese were videotaped,
transcribed, and analyzed. Clients rated therapist empathy using
the Barrett-Lennard Relationship Inventory (BLRI). Mixed-
effects regression showed significant effects of silent pause and
speech rate on BLRI. The shorter the silent pause or the faster
the speech rate, the higher the therapist empathy. Additionally,
there were significant interaction effects of the duration of
utterance-final syllables with silent pause and speech rate
respectively. For the same unit of increment in the duration of
utterance-final syllables, shorter silent pause or faster speech
rate was predicted to have a greater magnitude of improvement
in therapist empathy than longer silent pause or slower speech
rate. Also, the interaction between silent pause and speech rate
was significant. For utterances with fast (slow) speech rates, the
longer the silent pause, the lower (higher) the therapist
empathy. Our results have shown that clients integrated low-
order durational patterning at the discourse boundaries in their
higher-order perception of therapist empathy, which have
clinical/educational implications for the use of prosody in
psychotherapy.

Index Terms: durational patterning, prosodic phrasing,
discourse boundaries, therapist empathy, psychotherapy

1. Introduction

This study investigates the relationships between durational
patterning at discourse boundaries and client ratings of therapist
empathy in the speech of Cantonese psychotherapy.

1.1. Therapist empathy

Clients’ experience of therapist empathy has long been
hypothesized to be a key process in psychotherapy contributing
to client change [1], [2]. It can be defined broadly as “the
therapist’s sensitive ability and willingness to understand the
client’s thoughts, feelings and struggles from the client’s point
of view” [3]. Empathy is a higher-order process of human
emotions; however, little is known about its low-order prosodic
components, even though prosody had been shown to
contribute to the perception of empathy [4]. In the recent
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decade, scholars have started to explore the relationships
between prosody and therapist empathy, particularly focusing
on the pitch and intensity aspects of intonation [5]-[9]. While
the pitch dimension of prosodic phrasing (e.g., use of
intonation, pitch level, and pitch span) is associated with
therapist empathy [9], to the best of our knowledge, there is no
previous study specifically investigating the temporal
dimension of prosodic phrasing. Discourse boundaries are
considered as a universal marker of prosodic phrasing [10],
[11], of which final lengthening and silent pause are widely
considered to be robust cues. Besides, prosodic phrasing is
often influenced by speech rate. Speech rate is a temporal factor
that interacts with final lengthening and silent pause at the
discourse boundaries in speech production [10], [12]. It is,
however, still unclear how these temporal cues of prosodic
phrasing affect clients’ perception of therapist empathy.

1.2. Durational patterning at discourse boundaries

Early studies showed that lengthening in English, a stress-timed
language, tends to fall on sentence-final units, including the
rhyme [13] and the foot [14]. Its “boundary duration” can be
defined as the interval between the onset of the last stressed
syllable preceding a clausal boundary and the onset of
phonation of the first syllable after the boundary [15]. In
contrast, the “boundary duration” of Cantonese, a syllable-
timed language [16], is defined as the interval between two
contiguous syllable onsets, which would include the duration of
the preboundary syllable itself and any pause that potentially
follows [17], [18]. An ideal Cantonese prosodic phrasing
implies a clear final lengthening at clause-final syllable and
silent pause. As far as the duration of utterance-final syllables
is concerned, Cantonese also employs duration as a component
of intonation (e.g., :%) [19]-[21] which is strictly licensed at
the utterance-final syllables [19], [22], [23]. Mai [24] argued
that protracted utterance-final syllables in Cantonese emphasize
the sentential discourse functions, while the shortened ones
intensify speakers’ paralinguistic emotions. Furthermore,
sentence-final particles are very commonly used in Cantonese.
Sybesma and Li [25] argued that the protracted particles often
smoothen emotional expressions, while the shortened ones
intensify the expressed emotions. Since empathy contributes to
psychotherapy by supporting and promoting clients’ active self-
healing and change efforts [26], therapists’ strong personal
emotions should be avoided. Hence, using shortened utterance-
final syllables and particles is hypothesized to have a negative

10.21437/Interspeech.2022-722



effect on clients’ perception of therapist empathy. On the
contrary, protracted utterance-final syllables comply with
prosodic phrasing with more conspicuous final lengthening. We
thus hypothesize that the longer the duration of utterance-final
syllables, the higher the therapist empathy.

Silent pause is found to be a robust cue for discourse unit
delimitation. The length of pause can vary according to the sizes
and syntactic boundaries of the “prosodic chunks” [27]-[29].
However, studies have shown that long clausal silent pauses
reduce perceived willingness and affirmation and may even
signal hesitation [30], [31]. We, therefore, hypothesize that long
silent pauses are negatively associated with therapist empathy.

In previous research on psychotherapy, the focus was
placed on the synchrony of speech rates between client and
therapist [32]-[34]. The present study specifically investigates
durational patterning of therapists’ speech, which affects the
clarity of prosodic phrasing and perceived therapist empathy.
Previous literature showed that fast speech is widely
stereotyped/biased as credible, trustworthy, and persuasive
speech [35]-[38]. We thus hypothesize that faster speech can
signify energy to clients and help them feel that therapists are
helping them to move forward, and thus can be perceived with
higher therapist empathy. Importantly, at fast speech rates, clear
final lengthening is a crucial temporal cue of prosodic phrasing
[39]. Also, with a view to Cantonese intonation, protracted
utterance-final syllables sound pragmatically/paralinguistically
smoother than the shortened ones. We hypothesize that if
therapists speak at a higher speech rate, along with the longer
utterance-final syllables, the higher the clients’ perception of
therapist empathy. In addition, since long clausal silent pause
reduces perceived willingness and may signal hesitation, and
that long pauses in fast speech sound more dysfluent than those
in slow speech (the prosody/rhythm is overall steadier) [40], we
hypothesize that if therapists speak at a higher speech rate,
along with longer duration of silent pause, the lower the clients’
perception of therapist empathy.

1.3. Present study

The current study investigates how durational patterning at
discourse boundaries, namely duration of utterance-final
syllables  (final lengthening and protracted/shortened
syllable/intonation), silent pause, and speech rate, is in relation
to perceived therapist empathy in Cantonese psychotherapy.
This study can bridge an important gap in our understanding of
how low-order temporal cues of prosodic phrasing can
contribute to the perception of therapist empathy by clients, a
higher-order process of psychotherapy.

2. Methods

2.1. Data collection

39 unique therapist-client dyads were recruited. Four 50-minute
psychotherapy sessions from each of the 39 dyads, i.e., a total
of 156 sessions, were videotaped and voice-recorded by lavalier
microphones worn by both the therapists and the clients in the
sound-attenuated counseling rooms of the counseling clinic at
the Department of Educational Psychology of The Chinese
University of Hong Kong. All sessions were conducted

predominantly in Cantonese with occasional English code-
mixing.

After each session, clients rated therapist empathy using the
Barrett-Lennard Relationship Inventory (BLRI) [41], a well-
established measure of therapist empathy in psychotherapy.
The rating of BLRI ranges from -48 to 48. A higher rating
indicates more therapist empathy perceived by the clients.

2.2. Procedure

Recordings of all psychotherapy sessions were manually
transcribed. Speech data were first manually time-stamped at
the turn level, followed by forced speech-text alignment to
obtain the syllable-level time stamps, i.e., the beginning and
ending time of each syllable. Since the current study concerns
about therapist empathy as perceived by clients, the acoustics
of clients’ speech seem less relevant; thus, only utterances of
therapists were extracted and analyzed (total number of
utterances = 81,011), where utterances were delimited based on
the transcription of native judgments. Following the practice in
previous literature [18], [27], [42], we calculated the duration
of the last syllable of each utterance, the duration of silent pause
after each utterance, and the pause-excluding speech rate of
each utterance (measured by dividing the number of syllables
by the duration of articulation).

Mixed-effects regression was performed on the duration
data using /me4 [43] and car packages [44] in R [45] with BLRI
as a continuous dependent variable. There were three predictors
in the model: (1) syllable duration of the utterance-final
syllable, (2) duration of silent pause after each utterance, and
(3) speech rate of each utterance; all predictors were square
root-transformed in modeling. We also included random
intercepts for the psychotherapy sessions, the therapy-client
dyads, the age and sex of both clients and therapists, and the
variability of utterances in our model.

3. Results

Figure 1 shows the results of our mixed-effects regression using
the R package sjmisc [46]. First, silent pause is found to have
significant main effects on BLRI, x*(1) =4.365, p =.037. Figure
1(A) shows that as the duration of silent pause increases, the
predicted value of BLRI decreases. Second, there are
significant main effects of speech rate, ¥*(1) = 8.773, p = .003.
Figure 1(B) shows that the predicted value of BLRI increases
as the speech rate increases. The main effects of duration of the
utterance-final syllables are, however, found to be non-
significant, ¢*(1) = 1.152, p = .283.

Additionally, there are significant two-way interaction
effects between the three predictors. First, despite the non-
significant main effects of the duration of utterance-final
syllables, its interaction effects with silent pause are found
significant, y*(1) = 5.260, p = .022. Figure 1(C) shows that the
predicted value of BLRI is generally higher as the duration of
utterance-final syllables increases for all types of silent pause
duration (long, average, and short). However, the slope of
utterances with short silent pauses (red line, pause duration 1
SD below mean)! is steeper than that of utterances with average
(blue line, pause duration at mean) and long silent pauses (green

! We obtained a negative value (-.04 sqrt s) based on the prediction of our regression model by subtracting 1 SD (.32 sqrt s) from the
mean (.28 sqrt s). It is neither possible to have a “negative pause” in reality, nor did we have a negative value in the observed data.
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Figure 1: Results of mixed-effects regression.

line, pause duration 1 SD above mean), implying a greater
magnitude of increase in the predicted value of BLRI for the
same unit of increase in the duration of utterance-final syllables
when the pause duration is short. Second, there are significant
interaction effects between the duration of utterance-final
syllables and speech rate, ¥*(1) = 8.101, p = .004. Figure 1(D)
shows overall positive relationships between the duration of
utterance-final syllables and the predicted value of BLRI.
Specifically, the slope of utterances with fast speech rate (green
line, speech rate 1 SD above mean) is steeper than that of
utterances with average (blue line, speech rate at mean) and
slow speech rate (red line, speech rate 1 SD below mean),
implying a greater magnitude of increase in the predicted value
of BLRI for the same unit of increase in the duration of
utterance-final syllables when the speech rate is fast. Third, the
interaction effects between silent pause and speech rate are also
significant, y*(1) = 21.077, p <.001. Figure 1(E) shows that for
both utterances with average (blue line, speech rate at mean)
and fast speech rate (green line, speech rate 1 SD above mean),
the longer the silent pause, the lower the predicted value of
BLRI. Conversely, for utterances with slow speech rates (red
line, speech rate 1 SD below mean), the longer the silent pause,
the higher the predicted value of BLRI. There are no
statistically significant three-way interaction effects, ¥*(1) =
.078, p =.780.

4. Discussion and Conclusions

The analyses of the main effects support our hypothesis that the
duration of silent pauses is negatively associated with therapist
empathy. This can be attributed to the reduced perceived
willingness and affirmation and the increased hesitation of long
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silent pauses [30], [31]. Next, faster speech rates of therapists is
associated with a higher clients’ perception of therapist
empathy. This finding can be attributed to the observation that
a faster speech rate also reflects a speaker’s credibility,
trustworthiness, and persuasiveness [35]-[38]. Our findings on
therapists’ speech rates add to previous studies that focused on
the synchrony of speech rates between therapist and client [32]—
[34].

The interaction analyses suggest that therapist empathy is
generally perceived to be higher when the utterance-final
syllables are longer, which can be attributed to the fact that final
lengthening helps with prosodic phrasing. For instance, for
utterances with short silent pauses (red line in Figure 1(C)),
longer utterance-final syllables improve the predicted BLRI
score by a greater magnitude than that with average (blue line)
or long silent pauses (green line). This can be attributed to the
stronger complementary effects of final lengthening on the
prosodic phrasing of utterances with short silent pauses, and
that short silent pauses per se may be a sign of poorer prosodic
phrasing. In contrast, if the silent pause is sufficiently long (e.g.,
average and long silent pauses), the complementary effects
brought by final lengthening may be weaker, hence leading to
a smaller magnitude of improvement in therapist empathy
relative to that of short silent pauses. In addition, Cantonese
protracted intonation and protracted sentence-final particles can
smoothen expressed emotions while emphasizing the sentential
discourse functions, which may help with clients’ perception of
therapist empathy. In contrast, shortened intonation and
particles paralinguistically intensify therapists’ personal
emotions, which may have negative effects on perceived



therapist empathy and hinder clients’ active self-healing efforts
[24]1-[26].

Similar complementary effects of long utterance-final
syllables can be found in their interaction effects with speech
rate. For utterances with fast speech rates (green line in Figure
1(D)), longer utterance-final syllables improve the predicted
BLRI score by a greater magnitude than that with average (blue
line) and slow speaking rate (red line). For instance, longer
utterance-final syllables can help therapists to maintain clear
prosodic phrasing by final lengthening and smoothen their tone
by protracted intonation and particles even when they are
speaking quickly. By contrast, therapists with slow speech rates
can rely on other cues (e.g., silent pauses) to maintain clear
prosodic phrasing. Thus, the complementary effects on
improving therapist empathy brought by long utterance-final
syllables are more significant in fast speech than in slow speech.

Furthermore, our results have shown that longer pauses are
associated with higher therapist empathy in utterances with
slow speech rate (red line in Figure 1(E)) but not in utterances
with average (blue line) and fast speech rate (green line). This
can be attributed to an overall steadier prosody/rhythm in the
former, while the latter two may sound more dysfluent [40].
Moreover, long pauses in utterances with fast speech rates can
sound more conspicuous than that with slow speech rates. The
perceived reduction in willingness and affirmation and increase
in hesitation in association with long pauses may therefore be
more conspicuous, leading to lower perceived therapist
empathy.

This study is the first to examine the relationships between
durational patterning at discourse boundaries and client rated
therapist empathy in psychotherapy. Our results have shown
that low-order temporal cues of prosodic phrasings, such as the
duration of utterance-final syllables, silent pause, and speech
rate, contribute to clients’ higher-order perceptual process of
therapist empathy. It is intriguing to see clients did pick up and
integrate these “subtle” nuances of prosody at the discourse
boundaries in their grand perceptual experience of therapist
empathy. The results of the present study also have important
clinical/educational implications for the use of prosody by
therapists in psychotherapy, particularly on therapists’
awareness and perhaps manipulation of the duration of
utterance-final syllables and silent pauses when they are
advised to synchronize with clients’ varying speech rates [32]—
[34].

5. Acknowledgments

The authors are indebted to Regine Lai and Peggy Mok for
discussion and useful input. This project has been funded by the
Sustainable Research Fund of The Chinese University of Hong
Kong and the Early Career Scheme grant from the Hong Kong
Research Grants Council (Ref.: 24604317) to which we are
grateful.

6. References

[1] R. Elliott, A. C. Bohart, J. C. Watson, and L. S. Greenberg,
“Empathy,” Psychotherapy, vol. 48, no. 1, pp. 43-49, 2011.
[2] R. Elliott, A. C. Bohart, J. C. Watson, and D. Murphy,

“Therapist empathy and client outcome: An updated meta-
analysis.,” Psychotherapy, vol. 55, no. 4, pp. 399-410, Dec.
2018.

[3] C. R. Rogers, 4 Way of Being. Boston: Houghton Mifflin,
1980.

5251

(4]

[3]

(6]

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

C. Regenbogen et al., “The differential contribution of facial
expressions, prosody, and speech content to empathy,”
Cognition & Emotion, vol. 26, no. 6, pp. 995-1014, Sep.
2012.

Z. E. Imel et al., “The association of therapist empathy and
synchrony in vocally encoded arousal,” Journal of
Counseling Psychology, vol. 61, no. 1, pp. 146—153, Jan.
2014.

J. Gaume, K. A. Hallgren, C. Clair, M. S. Mast, V. Carrard,
and D. C. Atkins, “Modeling empathy as synchrony in
clinician and patient vocally encoded emotional arousal: A
failure to replicate,” Journal of Counseling Psychology, vol.
66, no. 3, pp. 341-350, Apr. 2019.

V.-L. Kykyri, A. Karvonen, J. Wahlstrom, J. Kaartinen, M.
Penttonen, and J. Seikkula, “Soft Prosody and Embodied
Attunement in Therapeutic Interaction: A Multimethod
Case Study of a Moment of Change,” Journal of
Constructivist Psychology, vol. 30, no. 3, pp. 211-234, Jul.
2017.

B. Xiao et al., “Modeling Therapist Empathy through
Prosody in Drug Addiction Counseling,” in Proceedings of
INTERSPEECH 2014, Singapore, Sep. 2014, pp. 213-217.

E. Weiste and A. Perdkyld, “Prosody and empathic
communication in psychotherapy interaction,”
Psychotherapy Research, vol. 24, no. 6, pp. 687-701, Nov.
2014.

L. Frazier, K. Carlson, and C. J. Clifton, “Prosodic phrasing
is central to language comprehension,” Trends in Cognitive
Sciences, vol. 10, no. 6, pp. 244-249, Jun. 2006.

K. Steinhauer and A. D. Friederici, “Prosodic Boundaries,
Comma Rules, and Brain Responses: The Closure Positive
Shift in ERPs as a Universal Marker for Prosodic Phrasing
in Listeners and Readers,” Journal of Psycholinguistic
Research, vol. 30, no. 3, pp. 267-295, 2001.

D. R. Ladd, Intonational Phonology, 2nd ed. Cambridge:
Cambridge University Press, 2008.

D. K. Oller, “The effect of position in utterance on speech
segment duration in English,” The Journal of the Acoustical
Society of America, vol. 54, no. 5, pp. 1235-1247, Nov.
1973.

1. Lehiste, “The role of temporal factors in the establishment
of linguistic units and boundaries,” in Phonologica 1972,
W. U. Dressler and F. V. Mares, Eds. Miinchen-Salzburg,
Germany: Wilhelm Fink Verlag, 1975, pp. 115-122.

D. R. Ladd, “Declination ‘reset’ and the hierarchical
organization of utterances,” The Journal of the Acoustical
Society of America, vol. 84, no. 2, pp. 530-544, Aug. 1988.

P. P. K. Mok, “On the syllable-timing of Cantonese and
Beijing Mandarin,” Chinese Journal of Phonetics, vol. 2,
pp. 148-154, 2009.

1. Chow, “Quantitative analysis of preboundary lengthening
in Cantonese,” in Proceedings of Speech Prosody 2008,
Campinas, 2008, pp. 543-546.

J. Fon and K. Johnson, “Syllable Onset Intervals as an
Indicator of Discourse and Syntactic Boundaries in Taiwan
Mandarin,” Language and Speech, vol. 47, no. 1, pp. 57-82,
Mar. 2004.

W. L. Wu, “Cantonese prosody: Sentence-final particles and
prosodic focus,” Ph.D. dissertation, University College
London, 2013.

W. Y. P. Wong, M. K. M. Chan, and M. E. Beckman, “An
autosegmental-metrical analysis and prosodic annotation
conventions for Cantonese,” in Prosodic Typology: The
Phonology of Intonation and Phrasing, S.-A. Jun, Ed.
Oxford: Oxford University Press, 2005, pp. 271-299.



[23]

[24]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

C. M. Lau, “On the structure of sentential periphery from
the perspective of Cantonese sentence-final Particle,” Ph.D.
dissertation, The Chinese University of Hong Kong, 2019.

B. R. Xu and P. P. K. Mok, “Cross-linguistic perception of
intonation by Mandarin and Cantonese listeners,” in
Proceedings of Speech Prosody 2012, Shanghai, 2012, pp.
99-102.

B. R. Xu and P. P. K. Mok, “Final rising and global raising
in Cantonese intonation,” in Proceedings of 17th
International Congress of Phonetic Sciences, Hong Kong,
2011, no. January, pp. 2173-2176.

Y. Mai, “The Quick Intonation and the Protracted Intonation
in the Sentence-final Position in Cantonese,” Current
Research in Chinese Linguistics, vol. 97, no. 1, pp. 3—-16,
2018.

R. Sybesma and B. Li, “The dissection and structural
mapping of Cantonese sentence final particles,” Lingua, vol.
117, no. 10, pp. 1739-1783, 2007.

L. S. Greenberg, R. Elliott, J. C. Watson, and A. C. Bohart,
“Empathy,” Psychotherapy: Theory Research Practice
Training, vol. 38, no. 4, pp. 380-384, 2001.

J. Fon, K. Johnson, and S. Chen, “Durational Patterning at
Syntactic and Discourse Boundaries in Mandarin
Spontaneous Speech,” Language and Speech, vol. 54, no. 1,
pp. 5-32, Mar. 2011.

B. J. Grosz and C. L. Sidner, “Attention, intentions, and the
structure of discourse,” Computational linguistics, vol. 12,
no. 3, pp. 175-204, 1986.

M. Swerts, “Prosodic features at discourse boundaries of
different strength,” The Journal of the Acoustical Society of
America, vol. 101, no. 1, pp. 514-521, Jan. 1997.

F. Roberts and A. L. Francis, “Identifying a temporal
threshold of tolerance for silent gaps after requests,” The
Journal of the Acoustical Society of America, vol. 133, no.
6, pp. EL471-EL477, Jun. 2013.

L. S. Kohtz and O. Niebuhr, “How long is too long? How
pause features after requests affect the perceived willingness
of affirmative answers,” in Proceedings of INTERSPEECH
2017, Stockholm, 2017, vol. 2017-August, pp. 3792-3796.

D. Rocco, R. Mariani, and D. Zanelli, “The Role of Non-
Verbal Interaction in a Short-Term Psychotherapy:
Preliminary Analysis and Assessment of Paralinguistic
Aspects,” Research in Psychotherapy: Psychopathology,
Process and Outcome, vol. 16, no. 1, pp. 54—64, Nov. 2013

D. Rocco, M. Pastore, A. Gennaro, S. Salvatore, M.
Cozzolino, and M. Scorza, “Beyond Verbal Behavior: An
Empirical Analysis of Speech Rates in Psychotherapy
Sessions,” Frontiers in Psychology, vol. 9, Jun. 2018.

B. Xiao, Z. E. Imel, D. C. Atkins, P. G. Georgiou, and S. S.
Narayanan, “Analyzing Speech Rate Entrainment and Its
Relation to Therapist Empathy in Drug Addiction
Counseling,” in Proceedings of INTERSPEECH 2015,
Dresden, Sep. 2015, pp. 2489-2493.

1. Torre, L. White, and J. Goslin, “Behavioural mediation of
prosodic cues to implicit judgements of trustworthiness,” in
Proceedings of Speech Prosody 2016, Boston, May 2016,
pp. 816-820.

N. Miller, G. Maruyama, R. J. Beaber, and K. Valone,
“Speed of speech and persuasion.,” Journal of Personality
and Social Psychology, vol. 34, no. 4, pp. 615-624, Oct.
1976.

R. L. Street, R. M. Brady, and W. B. Putman, “The Influence
of Speech Rate Stereotypes and Rate Similarity or Listeners’

Evaluations of Speakers,” Journal of Language and Social
Psychology, vol. 2, no. 1, pp. 37-56, Mar. 1983.

5252

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

H. O. Lee and F. J. Boster, “Collectivism-Individualism in
Perceptions of Speech Rate,” Journal of Cross-Cultural
Psychology, vol. 23, no. 3, pp. 377-388, Sep. 1992.

R. M. Uchanski, “Clear Speech,” in The Handbook of
Speech Perception, 1st ed., D. B. Pisoni and R. E. Remez,
Eds. Malden, MA: Blackwell Pub., 2005, pp. 207-235.

H. R. Bosker, A.-F. Pinget, H. Quené, T. Sanders, and N. H.
de Jong, “What makes speech sound fluent? The
contributions of pauses, speed and repairs,” Language
Testing, vol. 30, no. 2, pp. 159—-175, Apr. 2013.

G. T. Barrett-Lennard, The Relationship Inventory: A
Complete Resource and Guide. Chichester, UK: John Wiley
& Sons, Ltd, 2015

X. S. Shen, “A Pilot Study on the Relation between the
Temporal and Syntactic Structures in Mandarin,” Journal of

the International Phonetic Association, vol. 22, no. 1-2, pp.
35-43, Jun. 1992.

D. Bates, M. Méchler, B. Bolker, and S. Walker, “Fitting
Linear Mixed-Effects Models Using lme4,” Journal of
Statistical Software, vol. 67, no. 1, pp. 1-48, 2015.

J. Fox and S. Weisberg, An R Companion to Applied
Regression, 3rd ed. Thousand Oaks: Sage, 2019.

R Core Team, “R: A Language and enviornment for
statistical computing.” R Foundation for Statistical
Computing, Vienna, Austria, 2020.

D. Liidecke, “sjmisc: Data and Variable Transformation

Functions,” Journal of Open Source Sofiware, vol. 3, no. 26,
p. 754, 2018.



