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Abstract
This study investigates the influence of frequency on the production of bimorphemic
words, and considers which frequency measure is most apt to explain the differences.
Previous studies have reported that frequent words are produced faster and more casually than infrequent ones, and that medial segments will have shorter durations. The
present study examines the relation between frequency and the duration of medial
segments in English derived words by conducting a production experiment with 6 native speakers of American English using 74 English -ment derivatives, and pits word
req
frequency, base frequency, and relative frequency ( wordf
basef req ) against one another as
predictors. The results show that models incorporating any of the three frequency
measures strongly predict medial segment duration (R2 ≈ 0.56), with the differences
in R2 between them on the order of 1%. Among the three frequency measures, whole
word frequency explained the most variance, across all consonant types. The duration of segments in highly frequent words tends to be shorter than that in relatively
infrequent words. Overall, this study confirms that speakers are sensitive to the extralinguistic information associated with the words such as frequency, and in this
case, traditional frequency measures (whole word and base frequencies) are better
predictors than relative frequency.
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Introduction

It has been claimed that highly frequent words are produced faster and more casually.
Previous studies on a variety of languages have reported that high lexical frequency generally predicts acoustic reduction and greater coarticulation. Acoustic reduction in highfrequency words can be seen in shorter segmental duration (Pluymaekers et al. 2005
(Dutch); Myers and Li 2009 (Taiwan Southern Min)), and greater coarticulation has been
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demonstrated by greater degree of palatalization (Bush 2001 (English)), voice assimilation (Ernestus et al. 2006 (Dutch)), and tonal merger (Myers and Li 2009 (Taiwan Southern Min)).
Based on the findings from previous studies, one of the recent claims in the literature
concerning word frequency is that highly frequent bimorphemic words tend to be processed like monomorphemic words, which is known as “whole-word access” (Hay 2002:
2003). This study aims to investigate the whole-word access hypothesis based on the
acoustic characteristics of derived words produced by native speakers of American English.
A frequency effect has been observed previously in English -ment derivatives. For instance, unlike /n/ in the word discernment, /n/ in the word government tends to undergo
complete deletion among native speakers of English. Hay 2002, Hay 2003, and Kim 2009
found that relative frequency, as opposed to lexical frequency or absolute frequency, provides a reliable cue to speech processing. While the absolute frequency is simply the
frequency of the derived word (e.g., frequency of government), relative frequency is a ratio of the frequency of the derived word to the frequency of the base word (e.g., the ratio
of the frequency of government to the frequency of govern).
Table 1 shows the frequencies of two English derivatives government and discernment
retrieved from Corpus of Contemporary American English (henceforth COCA, Davies
2008). As opposed to discernment, the word government shows very high relative frequency in which its lexical/absolute frequency (i.e., frequency of government) exceeds its
base frequency (i.e., frequency of govern). This high relative frequency has been claimed
to be linked to massive acoustic reduction represented by complete deletion of /n/, shown
in Figure 1.
Words
Freq
government 7693
discernment
4

Bases
govern
discern

Freq
230
45

Relative Freq
33.448
0.089

Table 1: Frequencies of English words government and discernment: frequencies of the
whole words and the base verbs, and relative frequencies
By conducting a production experiment, this study examines whether this would be found
in the acoustic properties of other English -ment derivatives.
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Methods

The research question in this study is whether native speakers of English use the wholeword strategy for highly frequent bimorphemic words in production, and how the wholeword strategy would be realized in the acoustic characteristics of final segments of base
words. If highly frequent bimorphemic words are perceived as a whole, the acoustic cues
at morphological boundaries, which are represented by duration of final segments of base
words in this study, may not be as important as those of infrequent bimorphemic words.
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Figure 1: Annotated spectrograms of casual pronunciation of government (top) and discernment (bottom): /m/ in government and /n/ in discernment are highlighted.
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For this reason, the acoustic cues are expected to be weaker than those of infrequent
words, resulting in shorter duration of boundary segments.
This study also examines frequency effects by three frequency measures reported in
previous studies, which are whole word (lexical) frequency, base frequency, and relative
frequency. The acoustic characteristics of boundary segments, which are final segments
of base words in this study, would reveal whether the same frequency effect would be
predicted by these three frequency measures.

2.1 Participants
Six native speakers of American English in their early 20s who live in Tucson, Arizona
were recruited for the experiment. All the participants are undergraduate students at the
University of Arizona.

2.2 Stimuli
74 English bimorphemic -ment words derived from verb bases were chosen from COCA
for stimuli, as well as 54 fillers not containing -ment. Previous studies on English cited in
this paper used CELEX (Baayen et al. 2001), which represents British English. Since this
study is based on the production data from American English speakers, frequency data
was retrieved from COCA, which represents American English. Among the many English
-ment derivatives found in COCA, this study focuses on English -ment derivatives whose
verb bases end with an obstruent (/p, t, d, v, s, z, ʃ, ʧ, ʤ/). Examples of the stimuli are
shown in Table 21 .
Target Segments
/p/
/t/
/d/
/v/
/s/
/z/
/ʃ/
/ʧ/
/ʤ/

Words
Freq
Bases
Freq Relative Freq
development 115318 develop 95981
1.201
statement
49354
state
54922
0.899
commandment
2018
command 7287
0.277
improvement
22019
improve 47080
0.959
reinforcement
3031
reinforce 10513
0.288
advertisement
4083
advertise 5139
0.795
nourishment
767
nourish
1578
0.486
attachment
4937
attach
16733
0.295
judgment
23138
judge
25656
0.902

Table 2: Examples of test words and their frequency measures
1

The frequency counts shown here are the sum of instances of all the possible conjugated forms of words.
For instance, the frequency of development is the sum of instances of development and developments. The
frequency of develop is the number of instances of develop, develops, developed (past and past-participle),
and developing (gerund).
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2.3 Procedure
Participants were instructed to read each word in two carrier sentences “Over the phone
she said
. I said
again.” on a computer screen. The sentences were recorded
in a soundproof booth in the Douglass Phonetics Laboratory at the University of Arizona.

2.4 Measurements
Using Praat software (Boersma and Weenink 2011), the durations of the final obstruents
of base verbs, which are also referred to as boundary segments here, were measured. The
measurement was based on the offset of F2 of preceding vowels, the offset of voicing
from preceding vowels, and abrupt change in acoustic energy shown in waveforms and
spectrograms. A sample measurement of the boundary segment /t/ in investment is shown
in Figure 2.

Figure 2: Sample measurement of a boundary obstruent /t/ (highlighted) in the English
-ment derivative investment in “Over the phone she said investment.”

2.5 Analysis
To evaluate the effects of three frequency measures on the duration of boundary segments, this study used linear regression for statistical analysis. The observations that
were considered as outliers, whose log frequencies are smaller than 1 or greater than 6,
were excluded in the statistical tests.
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RESULTS

Results

Three linear regression models were compared using R’s lm function. Initial regressions
were completed including trial (first vs. second repetition of the word in the carrier sentences) and stress (initial vs. final syllable stress). These factors were not significant
predictors, nor did they participate in any interactions in the regressions, so they are
not reported below. The three regressions reported predict medial consonantal duration
with the frequency measure being tested and consonant segment type (stop, fricative, or
affricate). Regression output is given in the Appendix.

3.1 Boundary Segments & Whole Word Frequency
As presented in Figure 3, a regression utilizing whole word frequency and consonant type
significantly predicts segment duration (R2 =.5764, p<.001) in which higher frequency
tends to coincide with shorter segment duration. Moreover, a significant interaction between whole word frequency and segment type was found.
Figure 3 shows the correlation between segment duration and whole-word frequency
in the three major segment types - stops (/p, t, d/), fricatives (/v, s, z, ʃ/), and affricates
(/ʧ, ʤ/). The negative correlation between segment duration and whole-word frequency,
represented by a right diagonal regression line, was found in stops (r2 =.0415, p<.001)
and fricatives (r2 =.0697, p<.001), but not in affricates (r2 =.0007, p>.05)2 . The results
from stops and fricatives support the hypothesis of this study that highly frequent bimorphemic words show weaker acoustic cues in boundary segments, represented by shorter
segment duration.

3.2 Boundary Segments & Base Word Frequency
Figure 4 shows that the regression in which base word frequency was employed as the
frequency measure also predicts medial consonant duration (R2 =.5602, p<.001). That
is, higher frequency of base verbs tend to co-occur with shorter duration of boundary
segments. Again, significant interaction between base frequency and segment types was
found. As in Figure 4, the negative correlation between segment duration and base frequency was only found in stops (r2 =.0206, p<.01) and fricatives (r2 =.0465, p<.001),
but not in affricates (r2 =-.0042, p>.05). The results suggest that base frequency is a
similarly apt predictor of medial segment duration.

3.3 Boundary Segments & Relative Frequency
A significant model fit was also achieved predicting segment duration with relative frequency and consonant type, shown in Figure 5 (R2 =.5499, p<.001). By this model, only
2

An audience member at Arizona Linguistics Circle 6 suggested that the duration of affricates can be
analyzed in a different way, in which the duration of stop closure and the duration of frication are separately
measured and analyzed. The suggestion will be considered in further studies. Also, the difference in results
here may be due in part to the relatively small number of affricates (14 affricates) compared to stops and
fricatives (28 stops and 32 fricatives). Further studies with more balanced data sets will be needed.
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Figure 3: Duration of boundary segments (ms) and whole word frequency measures (log
frequency); data points in red represent segment duration for stops, those in blue represent fricatives, and those in green represent affricates.
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Figure 4: Duration of boundary segments (ms) and base frequency measures (log frequency); data points in red represent segment duration for stops, those in blue represent
fricatives, and those in green represent affricates.
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fricatives show significant correlation with relative frequency (r2 =.0080, p<.05), but not
stops (r2 =.003, p>.05) nor affricates (r2 =-.0047, p>.05).
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Figure 5: Duration of boundary segments (ms) and relative frequency measures (ratio of
whole-word frequency to base frequency); data points in red represent segment duration
for stops, those in blue represent fricatives, and those in green represent affricates.

3.4 Summary
Table 3 summarizes the aforementioned statistical results. As shown in the table, whole
word frequency appears to be the strongest predictor of all three consonant types, and
base frequency comes as the next strongest one. Relative frequency is the least decisive
factor.

Frequency Whole Word
Measures
Base
Relative

Consonant Types
Stops
Fricatives Affricates
.0415*** .0697***
.0007
.0206** .04649***
-.0042
.0030
.0080*
-.0047

Table 3: Summary of Results: the R2 scores are shown in numbers, and significant results
were marked with asterisks in which *** represents p <.001, ** being p<.01, and * being
p<.05. No asterisks means non-significant results.
Contrary to the findings in Hay 2002: 2003 and Kim 2009, relative frequency played a
significant role only in duration of target fricatives. Furthermore, none of the frequency
measures is a significant predictor of duration of target affricates.
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Discussion

Despite a relatively small number of subjects and test items, the results from the production experiment indicate that frequency effects in English derivatives are not the same
across various frequency measures. Frequency effects in the -ment derivatives were the
strongest in the whole word frequency measure, represented by the highest R2 score, and
the weakest in relative frequency measure, represented by the lowest R2 score. The same
trend was observed across all consonant types.
This study suggests that high relative frequency is not the relevant predictor of durational reduction in speech production, despite the previous findings on relative frequency
in Hay 2002: 2003 and Kim 2009. The results from the perception experiment in Hay
2003 and the text-based analysis in Kim 2009 showed that relative frequency of multimorphemic words played a stronger role than whole word / lexical frequency, which
was not observed in the current production study. The durational evidence presented
in this study suggests that frequency effects may not be the same across various modalities of speech processing, and the whole-word access hypothesis in production might be
supported only through whole word and base frequency, but not relative frequency.

5

Conclusion

This study investigated the effects of various frequency measures in English derivatives
based on an acoustic analysis of -ment derived words. The acoustic data analyzed provide
durational evidence for traditional whole-word and base frequencies in English derivatives rather than relative frequencies, and sheds light on a potential mismatch in frequency effects among various aspects of speech processing. Future experimental studies
are needed to further examine frequency effects in speech production and perception, and
across dialectal variations of the languages.

References
Baayen, R. H., Piepenbrock, R., and Gulikers, L. (2001). WebCelex. Online resource;
http://celex.mpi.ni.
Boersma, P. and Weenink, D. (2011). Praat: doing phonetics by computer, version 5.1.25.
Bush, N. (2001). Frequency effects and word-boundary palatalization in English. In
Bybee, J. L. and Hopper, P., editors, Frequency and the Emergence of Linguistic Structure,
pages 255–280. John Benjamins.
Davies, M. (2008). Corpus of Contemporary American English.
http://www.americancorpus.org/.

Online resource;

Ernestus, M., Lahey, M., Verhees, F., and Baayen, R. H. (2006). Lexical frequency and
voice assimilation. Journal of Acoustical Society of America, 120:1040–1051.

Sung, p.10

REFERENCES

Hay, J. (2002). From speech perception to morphology: affix ordering revisited. Language,
78:527–555.
Hay, J. (2003). Causes and consequences of word structure. Routledge.
Kim, J. (2009). A reconsideration of asymmetries of bracketing paradoxes in English
derivation: a corpus-based approach. English Language and Literature, 55:475–495.
Myers, J. and Li, Y. (2009). Lexical frequency effects in Taiwan Southern Min syllable
contraction. Jounal of Phonetics, 37:212–230.
Pluymaekers, M., Ernestus, M., and Baayen, R. H. (2005). Lexical frequency and acoustic
reduction in spoken Dutch. Journal of Acoustical Society of America, 118:2561–2569.

Sung, p.11

A

A

APPENDIX

Appendix

A.1 Words
abasement
appeasement
abatement
appointment
abridgment
arrangement
abutment
assessment
accomplishment
assortment
achievement
astonishment
acknowledgement attachment
adjustment
banishment
advancement
basement
advertisement
bombardment
allotment
catchment
amazement
commandment
amendment
commencement
amusement
commitment
announcement
comportment

contentment
establishment
department
excitement
deportment
harassment
derangement
impeachment
detachment
impingement
development
improvement
elopement
incitement
embarrassment indictment
enactment
inducement
endorsement
infringement
engagement
investment
enhancement
involvement
enticement
judgement
equipment
management
escapement
movement

A.2 Fillers
always
awkward
breakfast
center
coffee
company
cover
cranberry
dancing
disagree
disappointed

earthquake
European
family
feeling
highway
history
homework
humor
icecream
impatient
incorrect

interaction
pizza
stupid
interview
preview
sugar
jealous
private
tired
laughter
program
uneasy
lion
quickly
unknown
midwestern quiet
urgent
mountain
reply
weather
movie
salary
worry
nonsense
shower
yard
organization spinach
yellow
overview
strengthen

nourishment
parchment
pavement
placement
pronouncement
punishment
ravishment
recruitment
refreshment
reinforcement
resentment
shipment
statement
treatment
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A.3 Statistical Results
A.3.1

Segment Duration and Whole Word Frequency

Residuals:
Min
1Q
-88.645 -22.389

Median
-2.107

3Q
Max
19.367 124.019

Coefficients:
Estimate Std. Error t value
(Intercept)
106.554
9.160 11.632
log(WordFreqAM)
1.079
1.170
0.921
Ctypefricative
44.069
11.567
3.810
Ctypestop
-38.299
11.429 -3.351
log(WordFreqAM):Ctypefricative
-5.789
1.459 -3.969
log(WordFreqAM):Ctypestop
-4.209
1.421 -2.963
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘

Pr(>|t|)
< 2e-16
0.357092
0.000149
0.000842
7.86e-05
0.003134

***
***
***
***
**

’ 1

Residual standard error: 31.39 on 821 degrees of freedom
Multiple R-squared: 0.5515,Adjusted R-squared: 0.5488
F-statistic: 201.9 on 5 and 821 DF, p-value: < 2.2e-16
A.3.2

Segment Duration and Base Frequency

Residuals:
Min
1Q
-92.902 -22.645

Median
-1.575

3Q
Max
19.857 121.408

Coefficients:
Estimate Std. Error t value
(Intercept)
110.2704
9.4294 11.694
log(BaseFreqAM)
0.5308
1.0937
0.485
Ctypefricative
37.6401
12.3543
3.047
Ctypestop
-46.9392
12.0923 -3.882
log(BaseFreqAM):Ctypefricative -4.4795
1.4128 -3.171
log(BaseFreqAM):Ctypestop
-3.0530
1.4135 -2.160
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘
Residual standard error: 31.71 on 821 degrees of freedom
Multiple R-squared: 0.5422,Adjusted R-squared: 0.5394
F-statistic: 194.5 on 5 and 821 DF, p-value: < 2.2e-16

Pr(>|t|)
< 2e-16
0.627589
0.002387
0.000112
0.001578
0.031067
’ 1

***
**
***
**
*
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Segment Duration and Relative Frequency

Residuals:
Min
1Q
-94.837 -22.975

Median
-0.466

3Q
Max
19.559 115.471

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept)
115.0977
2.7064 42.528
<2e-16 ***
log(RelFreqAM)
0.5308
1.2841
0.413
0.6795
Ctypefricative
-4.7474
3.5140 -1.351
0.1771
Ctypestop
-72.4544
3.3024 -21.940
<2e-16 ***
log(RelFreqAM):Ctypefricative -4.1954
2.2148 -1.894
0.0585 .
log(RelFreqAM):Ctypestop
-1.9021
1.5919 -1.195
0.2325
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Residual standard error: 32.12 on 821 degrees of freedom
Multiple R-squared: 0.5305,Adjusted R-squared: 0.5276
F-statistic: 185.5 on 5 and 821 DF, p-value: < 2.2e-16

