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Exemplar Theory

• Perception
• Categories are represented by storing individual exemplars (or examples) in memory, 

and objects are classified based on their similarity to these stored exemplars (Nosofsky, 
2011).

• Production
• Stored exemplars are accessed as production targets. The exemplar memory is 

constantly updated and is highly sensitive to frequency and recency effects (Schweitzer 
et al. 2015).

• Influential in speech perception and production studies because of its ability 
to account for high variation in speech (Walsh et al. 2008).
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Word Stress

• Word stress is one of highly variable speech categories 
• Duration
• F0
• Vowel quality
• Intensity 

(Gordon & Roettger 2017)
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Present Study

• Since the exemplar theory is capable of accounting for high variation in 
speech, it is expected to successfully model the production of word 
stress, too. 

• I explore acoustic correlates of word stress in production, and to what 
degree these correlates can be modelled using the exemplar-based 
framework.
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Outline

1. Previous Research
2. Present Study
3. Results
4. Conclusion
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Previous research (Perception)
• Chow and Winters (2016)
• RQ: Can an Exemplar model could account for the human perception of intonation 

of statements and echo questions in Cantonese?

• Method: Identification (perception) task whose results are compared to the 
output of the exemplar model (as per Johnson 1997). 

• Results:
1. Model successfully classified all stimulus types presented to it at better-than-chance rates.
2. Model closely matched the performance of the human listeners on the final syllable-only 

stimuli.
3. The human listeners, however, performed significantly better on both whole sentence and 

non-final stimuli. 
4. The human listeners also displayed significantly more bias than the model. 
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Previous research (Production)
• Schweitzer et al.(2015)
• RQ: Is there lexical storage of intonation?

• Method: 3 corpus-based experiments investigating effects of frequency on pitch 
accent realizations 

• Hypothesis: If exemplar-theoretic assumptions hold, and intonation can indeed be 
stored with segmental information, i.e. with the word itself or with sequences of 
several words, then frequency effects on tonal parameters would be expected. 

• Results:
1. Pitch accent variability decreases as the relative frequency of the word in its lexical context 

increases. 
2. Expected within an exemplar approach assuming storage of tonal information with lexical 

items.
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The Present Study
• No research on modelling word stress parameters within the Exemplar Theory 

principles.

8

RQs:
• What are the acoustic correlates of stress in English?
• Can word stress be modelled with Exemplar models?

• Study divided in two parts: 1) Production & 2) Modelling



Methodology
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• Participants
• 30 native speakers of Canadian English
• Students at the University of Calgary (mean age 20)

• Stimuli 
• Two nonsense words with English phonotactic patterns: 

• Nallit – [ˈnælɪt] & [nəˈlɪt]
• Kabest – [ˈkɑbəst] & [kəˈbɛst]



Methodology
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• Procedure
• Speakers heard the words produced by a native English speaker (trained linguist)
• They repeated each item 5 times
• They were recorded in the Phonetics Lab by using Praat (44 kHz) 

• Stimuli Processing
• ProsodyPro script (Xu 2016) to create TextGrids and receive measurements
• 4 acoustic correlates of word stress: 

• Duration 
• Mean F0 
• Intensity
• F0 variation (SD)

*Excluded vowel quality from 
the analysis



Methodology
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• Data Analysis
• Relative weight of the acoustic correlates.
• We use principal components analysis (PCA) to extract independent factors of word 

stress in RStudio.
• The main idea with PCA is to use the correlations of raw data variables to define 

”abstract” components of correlated variation (Johnson 2008).



Results
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• 2 dimensions are most relevant



Results
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• Duration and mean F0



Results
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• Linear mixed effects models using the lmerTest package (Kuznetsova et 
al. 2017)
• PC1 and PC2 were each a dependent variable in two separate models, 

and four acoustic parameters were independent variables.

• PC1 scores:
• Duration: β = 0.95, t = 606.8, p < .001 
• Mean F0: β = -0.3, t = -155.2, p < .001

• PC2 scores
• Duration: β = 0.30, t = 83, p < .001 
• Mean F0: β = 0.95, t = 211, p < .001



Modelling
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• Developed exemplar models using cognitivemodels package (Jarecki & 
Seitz, 2020) in Rstudio.

• The models used the exemplar-based judgment model for continuous 
responses (Juslin et al. 2003).

• Divided data:
• Training – 20 participants
• Testing – 10 participants



Results (Training data)
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PC1
Parameter Estimate
Duration 0.822
MeanF0 0.154
F0Variation 0.018
Intensity 0.006
lambda 0.606
r 2
q 1.247

PC2
Parameter Estimate
Duration 0.073
MeanF0 0.923
F0Variation 0.003
Intensity 0.001
lambda 7.427
r 1.416
q 1.821



Results
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• The correlation 
between the
predicted scores and 
PC1 scores was 89.6. 

• The correlation 
between the 
predicted scores and 
PC2 scores was 93.4.



Results (Testing data)
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• Predict() 

Parameters:
1. training_model
2. newdata = 

test_data)

correlation = 0.94 correlation = 0.722



Results (Testing data)
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• PC2 – fine-tuning the model with the 
estimates from the PC analysis

PC2
Parameter Estimate
Duration 0.073
MeanF0 0.923
F0Variation 0.003
Intensity 0.001
lambda 7.427
r 1.416
q 1.821

correlation = 0.723



Conclusion
1. What are the acoustic correlates of stress in English?
• Duration and mean F0 are more robust acoustic correlates of word stress than 

intensity and F0 variation, duration carrying the greatest weight in production 
of word stress. 

2. Can word stress be modelled with Exemplar models?
• Yes – Exemplar models perform at above chance level.

1. Exemplar model for the PC1 (duration) indicate that the exemplar models 
can quite accurately predict which acoustic correlate of word stress weighs 
more.

2. However, the accuracy of the model for the PC2 (mean F0) indicates that the 
model is not as accurate. 
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Thank you!

Questions?
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