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Abstract
Knowledge of derivational affixes makes an important contribution to second 
language learners’ success when reading. Yet while the effects of some learner 
variables (L2 proficiency, L1 background) have been investigated, there has been 
little research addressing the effects of varying characteristics of affixes on their 
acquisition. The goal of this study was to develop a range of metrics concerning the 
characteristics of derivational affixes with respect to their frequency of occurrence, 
semantic salience, and orthographic and phonological form. The study presents 19 
metrics (58 when including variants) for 38 derivational affixes (12 prefixes; 26 
suffixes) with a range of frequencies. Each metric is calculated across progressively 
larger vocabulary size levels in recognition of the fact that as learners’ vocabulary 
knowledge develops, their exposure to and knowledge of words including 
derivational affixes grows. Examples of a selection of metrics for one affix are 
provided (the full data set being available online; https://osf.io/2vcg9/) as well 
as some global observations on the data set. It is hoped that these metrics will 
allow future analyses that provide insights into the process of L2 derivational affix 
acquisition (by exploring which metrics and to what degree the metrics contribute 
to acquisition) as well as insights into the order in which affixes are learnt and at 
what stage in L2 development different affixes are acquired.
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Background
Derivational affix knowledge is considered important in L2 vocabulary studies. Teaching 
affixes has been reported to be a well-established classroom fixture (Ur, 2022), receiving 
some attention in L2 textbooks from intermediate proficiency levels (Brown, 2011; Vu 
& Michel, 2021), and has been promoted as a key vocabulary learning strategy (Nation, 
2001). Such knowledge is part of morphological awareness, “the ability to reflect upon 
and manipulate morphemes and employ word formation rules” (Kuo & Anderson, 
2006, p. 161). This might include recognising roots or bases (whether bound or free) in 
morphologically complex words and the relationship between roots/bases and affixes, 
the impact of affixes on part of speech and word meaning, and the category(ies) of 
base(s) an affix may attach to.

Morphological awareness has been found to significantly predict the reading 
comprehension of L1 children (Liu et al., 2024) and L2 learners ( Jeon, 2011; Keiffer 
& Lesaux, 2012; Zhang, 2016) even after other predictors (e.g., lexical/phonological 
knowledge) are controlled for. More specifically, morphological awareness has a direct 
effect on reading comprehension as well as indirect effects via its influence on other 
aspects of knowledge such as vocabulary (Levesque et al., 2021).

There is evidence that knowledge of affixes develops alongside overall L2 proficiency 
and vocabulary knowledge (Iwaizumi & Webb, 2021, 2022; Mochizuki & Aizawa, 2000; 
Raudszus et al., 2021). The L1 background of learners also seems to influence learning. 
Zhang and Koda (2014) report that learners whose L1 has different word formation 
patterns from their L2 have greater difficulty developing L2 morphological awareness 
due to reduced positive transfer. Moreover, Stewart et al. (2023) found that the difficulty 
of specific affixes varied notably among learners from three L1 backgrounds and via 
L1–L2 contrastive analysis described features that may influence this.

The characteristics of individual affixes also likely influence their acquisition. Sasao 
and Webb (2017) report that affixes grouped into three levels of difficulty based on 
test data differ in terms of type frequency (i.e., how many different words an affix 
appears in) and token frequency (i.e., how many times an affix appears in a corpus). 
However, many other item variables concerning affix frequency, semantics, and form 
(both orthographic and phonological) could have an impact on when and how well 
particular affixes are acquired.

The metrics developed in this study were intended to allow greater insights into 
these issues. It is our hope that this work may in turn feed into the development of 
new descriptions of affix learning/acquisition, such as Bauer and Nation’s (1993) well-
known classification of affixes. The metrics were developed in the context of a broader 
ongoing study in which data are being collected on L1-Japanese learners’ knowledge 
of 1,001 target words. Accordingly, some of the metrics reflect the Japanese context 
(e.g., japanese loanwords, Metric 9), but the majority should have some general 
applicability.

Methods
Fifty affixes (22 prefixes; 28 suffixes) were selected through a sampling procedure 
which resulted in all highly frequent affixes being included along with a number of less 
frequent affixes (see Appendix A for further details).
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The selection of metrics was informed by literature on morphology (concerning 
factors affecting the order of acquisition of inflectional affixes, the productivity of 
derivational affixes [i.e., whether an affix tends to be used in the formation of new 
words], and the degree to which derivational forms may be parsed as combinations 
of morphemes) and on statistical language learning mechanisms (concerning how 
different aspects of frequency may have effects on affix acquisition); see Appendix C 
for specific rationales. The metrics are categorised according to their focus: frequency, 
semantics, and orthographic or phonological form.

Frequency measures were drawn from a lemma list compiled by the third author 
based on a corpus of subtitles for “family-viewing” TV and movies. The raw English 
OPUS 2018 corpus (Lison & Tiedemann, 2016; Tiedemann, 2018) was cleaned and 
filtered to identify files that were (i) originally produced in English and (ii) classified 
as “Family” in the “Genre” attribute on the Internet Movie Database (IMDB, n.d.) 
The focus on this genre follows previous research (Pinchbeck et al., 2022) which found 
strong correlations between word frequency rank in a corpus of this genre and the 
word knowledge of Japanese learners of English. The corpus files were tagged with 
TreeTagger via TagAnt (Anthony, 2014; Schmid, 1994), and lemma-based word 
frequency lists generated using AntConc (Anthony, 2018). The metrics utilise the first 
11,000 lemmas in this list. This threshold was adopted since it was found that this 
figure provided 95% coverage of various genres, which tallies with figures in Vilkaitė-
Lozdienė and Schmitt (2020). The 11,000 lemmas in this list were coded for the 
presence of the 50 affixes (see Appendix B for details) to serve as the basis for the 
metrics. At this stage, it was found that 12 of the affixes occurred in fewer than 10 
lemmas in the list, so metrics were not developed for these affixes. That is, in this study, 
metrics were developed and described for 38 affixes (12 prefixes; 26 suffixes).

The metrics were calculated at successively larger vocabulary sizes. That is, we 
calculated each metric on the basis of the first 1,000 most frequent lemmas in the list, 
then on the first 2,000 most frequent lemmas (cumulatively), and so on. This is because 
as learner vocabulary knowledge grows, they gain more experience with affixes.

Several metrics provided here refer to basewords and precursor words. The term 
baseword is used to refer to a morphologically simplex relative of an affixed form. For 
example, fame is the baseword of famous. We use the term precursor to refer to a relative 
of an affixed form which is not morphologically simplex itself but does not contain the 
particular affix that affixed form includes. For example, when the affix of interest is -ly, 
famous is a precursor of famously, where the baseword is fame. There are two reasons for 
making this distinction. Firstly, many words do not have a baseword that is a stand-
alone form (i.e., a free morpheme) in English. For example, we code the word predict 
as containing the affix pre-, leaving only the Latin form dict. This is problematic when 
considering how learners might deal with the word predictable. Rather than saying 
that there is no baseword for this word, our position is that knowledge of the word 
predict could assist learners, so we allow for precursor words in our metrics. Secondly, 
affixed forms can have infrequent basewords but frequent precursors. One example is 
the word emotionally, for which the precursors emotional and emotion are likely to be 
more recognisable than the baseword emote.

All metrics that involve the baseword of affixed lemmas also use precursor  
words. For example, semantic transparency (Metric 7) concerns whether there is 
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a transparent semantic link between an affixed lemma and its base1 form. Codings for 
this metric were based on semantic transparency between the affixed form and either 
a baseword or a precursor (see Appendix C for details on the method). Thus, for the 
affix -able, the baseword/affixed form pair accept–acceptable was coded as exhibiting a 
transparent semantic link, as was the precursor–affixed form pair predict–predictable, 
while the baseword–affixed form pair consider–considerable was not.

There are several versions of some metrics:

•	 Types/tokens: One version is based on the number of different lemmas with a 
given feature (i.e., a types count) and another on the number of tokens with the 
feature (i.e., the summed frequency of all types with the feature).

•	 Counts/proportions: One version is based on the number of lemmas with a  
given feature and another on the proportion of lemmas with that feature. For 
example, for semantic transparency (Metric 7), at the ~1000 vocabulary 
size, there are four lemmas featuring the affix -able, only one of which exhibits 
semantic transparency, producing a count of 1 and a proportion of 0.25. 
Count- and proportion-based versions are often crossed with type and token 
versions so that there are four versions of a metric. Differing effects for type/
token frequencies and the importance of proportions are discussed in Hay and  
Baayen (2002).

•	 Alternative approaches: Sometimes, more than one approach to computing 
a metric was identified in the literature. For example, base–affix boundary 
phonotactics were calculated via two methods: low probability phonotactics 
(Metrics 16a–d) and forwards/backwards transitional probability 
of base–affix boundary (Metrics 16e–h). Another example of alternative 
approaches is orthographic transparency (Metric 11). Here, there are 
versions with a strict interpretation of whether a baseword’s orthographic form 
is preserved in the lemma containing the target affix and more lenient versions 
that allow for common, regular changes in orthography, such as the truncation 
of final -e (e.g., adore–adorable).

Table 1 provides a description of each metric. Details on the rationale and method 
of operationalisation for each metric are provided in Appendix C, with worked 
examples of metric calculations in Appendix D.

Results
The metrics are publicly available at the following Open Science Framework site: 
https://osf.io/2vcg9/

With 19 metrics (or 58 when including different versions) for 38 affixes, each of 
which is calculated across 11 vocabulary sizes, the affix metrics constitute an extremely 
rich data set. Here, we present a small selection of metrics for one affix by way of 
example (Table 2) and provide some global observations on the data set.

Table 2 shows three metrics for the affix -able. The first metric, affix types – 
number (Metric 1), shows how many lemmas were coded as including -able at each 
vocabulary size. That is, within the first 1,000 lemmas, 4 included -able, within the 



Vocabulary Learning and Instruction, 14(1), 2097� 5

Table 1  Metric Descriptions

Metrics focused on frequency

Metric name Description

affix types – number  
(Metric 1)

Number of different lemmas (i.e., lemma types) 
featuring the affix within a given vocabulary size.

affix type–token ratio  
(Metric 2)

Number of affix types divided by number of affix 
tokens within a given vocabulary size.

relative entropy among affix 
types (Metric 3)

Evenness of the frequency distribution of types 
featuring the affix within a given vocabulary size.

form-function contingency 
(Metric 4)

Number of affix types divided by number of 
apparent affix types within a given vocabulary size.

Metrics focused on semantics

Metric name Description

known basewords/  
precursors – proportion 
(Metric 5)

Proportion of affix types that have a baseword or 
precursor within a given vocabulary size.

semantic variability – number 
(Metric 6)

Number of senses an affix has within the affix types 
within a given vocabulary size.

semantic transparency – 
types – number (Metric 7a)

Number of affix types for which there is a 
transparent semantic link between the affix type and 
its baseword or precursor within a given vocabulary 
size.

semantic transparency – 
types – proportion (Metric 7b)

Proportion of affix types for which there is a 
transparent semantic link between the affix type and 
its baseword or precursor within a given vocabulary 
size. 

semantic transparency –  
tokens – number (Metric 7c)

Number of affix tokens for which there is a 
transparent semantic link between the affix type and 
its baseword or precursor within a given vocabulary 
size. 

semantic transparency –  
tokens – proportion  
(Metric 7d)

Proportion of affix tokens for which there is a 
transparent semantic link between the affix type and 
its baseword or precursor within a given vocabulary 
size. 

morphological family size – 
types – mean (Metric 8a)

Average morphological word family size of the 
affix types within a given vocabulary size, calculated 
across the affix types.

(Continued)
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Metrics focused on semantics

Metric name Description

morphological family size – 
tokens – mean (Metric 8b)

Average of the summed frequencies of each 
affix type’s word family members within a given 
vocabulary size.

japanese loanwords – types – 
number (Metric 9a)

Number of affix types within a given vocabulary size 
that are loanwords.

japanese loanwords – types – 
proportion (Metric 9b)

Proportion of affix types within a given vocabulary 
size that are loanwords.

japanese loanwords – tokens –  
number (Metric 9c)

Number of affix tokens within a given vocabulary 
size that are loanwords.

japanese loanwords – tokens – 
proportion (Metric 9d)

Proportion of affix tokens within a given vocabulary 
size that are loanwords.

decomposed forms – types – 
number (Metric 10a)

Number of affix types within a given vocabulary 
size that are less frequent than their baseword or 
precursor.

decomposed forms – types – 
proportion (Metric 10b)

Proportion of affix types within a given vocabulary 
size that are less frequent than their baseword or 
precursor.

decomposed forms – tokens – 
number (Metric 10c)

Number of affix tokens within a given vocabulary 
size that are less frequent than their baseword or 
precursor.

decomposed forms – tokens – 
proportion (Metric 10d)

Proportion of affix tokens within a given vocabulary 
size that are less frequent than their baseword or 
precursor.

Metrics focused on form (orthographic or phonological)

Metric name Description

orthographic transparency, 
strict, of baseword or 
precursor – types – number 
(Metric 11a)

Number of affix types within a given vocabulary 
size for which the baseword or precursor is strictly 
preserved in the affix type.

orthographic transparency, 
strict, of baseword 
or precursor – types – 
proportion (Metric 11b)

Proportion of affix types within a given vocabulary 
size for which the baseword or precursor is strictly 
preserved in the affix type.

(Continued)
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Metrics focused on form (orthographic or phonological)

Metric name Description

orthographic transparency, 
strict, of baseword or 
precursor – tokens – number 
(Metric 11c)

Number of affix tokens within a given vocabulary 
size for which the baseword or precursor is strictly 
preserved in the affix type.

orthographic transparency, 
strict, of baseword or 
precursor – tokens – 
proportion (Metric 11d)

Proportion of affix tokens within a given vocabulary 
size for which the baseword or precursor is strictly 
preserved in the affix type.

orthographic transparency, 
lenient, of baseword or 
precursor – types – number 
(Metric 11e)

Number of affix types within a given vocabulary size 
for which the baseword or precursor is preserved 
in the affix type allowing minimal changes: (i) 
truncation of final -e; (ii) shifts from -y to -i or -ie; 
(iii) doubling of final consonants.

orthographic transparency, 
lenient, of baseword 
or precursor – types – 
proportion (Metric 11f )

Proportion of affix types within a given vocabulary 
size for which the baseword or precursor is 
preserved in the affix type allowing minimal 
changes.

orthographic transparency, 
lenient, of baseword or 
precursor – tokens – number 
(Metric 11g)

Number of affix tokens within a given vocabulary 
size for which the baseword or precursor is 
preserved in the affix type allowing minimal 
changes.

orthographic transparency, 
lenient, of baseword 
or precursor – tokens – 
proportion (Metric 11h)

Proportion of affix tokens within a given vocabulary 
size for which the baseword or precursor is 
preserved in the affix type allowing minimal 
changes.

orthographic transparency 
of affix – types – number 
(Metric 12a)

Number of affix types within a given vocabulary size 
in which the affix occurs in canonical orthographic 
form (rather than as an allomorph or having 
undergone changes due to co-occurrence with other 
affixes).

orthographic transparency 
of affix – types – proportion 
(Metric 12b)

Proportion of affix types within a given vocabulary 
size in which the affix occurs in canonical 
orthographic form.

orthographic transparency 
of affix – tokens – number 
(Metric 12c)

Number of affix tokens within a given vocabulary 
size in which the affix occurs in canonical 
orthographic form.

orthographic transparency 
of affix – tokens – proportion 
(Metric 12d)

Proportion of affix tokens within a given vocabulary 
size in which the affix occurs in canonical 
orthographic form.

(Continued)
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Metrics focused on form (orthographic or phonological)

Metric name Description

phonological transparency 
of baseword or precursor – 
types – number (Metric 13a)

Number of affix types within a given vocabulary size 
in which the baseword or precursor’s phonological 
form is preserved in the affix type.

phonological transparency 
of baseword or precursor – 
types – proportion  
(Metric 13b)

Proportion of affix types within a given vocabulary 
size in which the baseword or precursor’s 
phonological form is preserved in the affix type.

phonological transparency 
of baseword or precursor – 
tokens – number (Metric 13c)

Number of affix tokens within a given vocabulary 
size in which the baseword or precursor’s 
phonological form is preserved in the affix type.

phonological transparency 
of baseword or precursor – 
tokens – proportion  
(Metric 13d)

Proportion of affix tokens within a given vocabulary 
size in which the baseword or precursor’s 
phonological form is preserved in the affix type.

phonological transparency 
of affix – types – number  
(Metric 14a)

Number of affix types within a given vocabulary size 
in which the affix is in its canonical phonological 
form.

phonological transparency 
of affix – types – proportion 
(Metric 14b)

Proportion of affix types within a given vocabulary 
size in which the affix is in its canonical 
phonological form.

phonological transparency 
of affix – tokens – number 
(Metric 14c)

Number of affix tokens within a given vocabulary 
size in which the affix is in its canonical 
phonological form.

phonological transparency 
of affix – tokens – proportion  
(Metric 14d)

Proportion of affix tokens within a given 
vocabulary size in which the affix is in its canonical 
phonological form.

affix sonority – types – mean 
(Metric 15a)

Average sonority of the affix across affix types 
within a given vocabulary size.

affix sonority – tokens – 
mean (Metric 15b)

Average sonority of the affix across affix tokens 
within a given vocabulary size.

low probability phonotactics, 
within-word – types – mean 
(Metric 16a)

Average probability of the affix boundary 
phonotactics, based on within-word syllable 
boundaries within the monomorphemic types 
within a given vocabulary size.

low probability phonotactics, 
between-word – types – mean 
(Metric 16b)

Average probability of the affix boundary 
phonotactics, based on between-word boundaries 
within the monomorphemic types within a given 
vocabulary size.

(Continued)
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Metrics focused on form (orthographic or phonological)

Metric name Description

low probability phonotactics, 
within-word – tokens – mean 
(Metric 16c)

Average probability of the affix boundary 
phonotactics, based on within-word syllable 
boundaries within the monomorphemic tokens 
within a given vocabulary size.

low probability phonotactics, 
between-word – tokens – 
mean (Metric 16d)

Average probability of the affix boundary 
phonotactics, based on between-word boundaries 
within the monomorphemic tokens within a given 
vocabulary size.

forwards transitional 
probability of base–affix 
boundary – types  
(Metric 16e)

Average forwards transitional probability for the 
phoneme combinations at the base–affix boundary 
across affix types, based on the transitional 
probabilities of phoneme combinations within the 
monomorphemic types within a given vocabulary 
size.

backwards transitional 
probability of base–affix 
boundary – types  
(Metric 16f )

Average backwards transitional probability for 
the phoneme combinations at the base–affix 
boundary across affix types, based on the transitional 
probabilities of phoneme combinations within the 
monomorphemic types within a given vocabulary 
size.

forwards transitional 
probability of base–affix 
boundary – tokens  
(Metric 16g)

Average forwards transitional probability for the 
phoneme combinations at the base–affix boundary 
across affix tokens, based on the transitional 
probabilities of phoneme combinations within the 
monomorphemic tokens within a given vocabulary 
size.

backwards transitional 
probability of base–affix 
boundary – tokens  
(Metric 16h)

Average backwards transitional probability for the 
phoneme combinations at the base–affix boundary 
across affix tokens, based on the transitional 
probabilities of phoneme combinations within the 
monomorphemic tokens within a given vocabulary 
size.

orthographic affix length – 
types – mean (Metric 17a)

Average affix length in letters across affix types 
within a given vocabulary size.

orthographic affix length – 
tokens – mean (Metric 17b)

Average affix length in letters across affix tokens 
within a given vocabulary size.

phonological affix length – 
types – mean (Metric 18a)

Average affix length in phonemes across affix types 
within a given vocabulary size.

(Continued)
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first 2,000 lemmas, 10 included -able, and so on. In the case of -able, the cumulative 
number of lemmas including the affix climbs steadily across the vocabulary sizes. The 
second metric shown, semantic transparency – types – number (Metric 7a), 
concerns whether the meaning of an affixed form can be understood via knowledge 
of its baseword/precursor and knowledge of the affix. Thus, just one of the four 
lemmas within the first 1,000 lemmas that include -able is semantically transparent. 
This metric, too, increases steadily across vocabulary sizes. The final metric illustrated 
here, affix as initial/final morpheme – types – proportion (Metric 19b), 
shows the proportion of lemmas featuring an affix in which the affix is word- 
initial (for prefixes) or word-final (for suffixes). At the high-frequency vocabulary 
levels, -able (a suffix) is the final morpheme in approximately three quarters of 
lemmas (cf. possible [word-final] and probably [non-word-final]), while it is word-
final in approximately five sixths of cases when lower frequency level lemmas are 
included.

The complexity and richness of the data set makes a general summary challenging. 
In an attempt to do so, Figure 1 shows the mean and SD for each affix calculated across 
all the metrics. Since different metrics operate across different scales, these figures were 
calculated after first converting each set of metric values at a given vocabulary size to 
a z-score. Thus, this figure illustrates the metric values for the affixes relative to each 
other.

The highest global means are for -ly (adverbs) and -er (nouns). This in part reflects 
the fact that these are the most frequently occurring affixes. However, frequency alone 

Metrics focused on form (orthographic or phonological)

Metric name Description

phonological affix length – 
tokens –mean (Metric 18b)

Average affix length in phonemes across affix tokens 
within a given vocabulary size.

affix as initial/final 
morpheme – types – number 
(Metric 19a)

Number of affix types within a given vocabulary 
size in which the affix is the initial morpheme 
(for prefixes) or the final morpheme (for suffixes).

affix as initial/final 
morpheme – types – 
proportion (Metric 19b)

Proportion of affix types within a given 
vocabulary size in which the affix is the initial 
morpheme (for prefixes) or the final morpheme 
(for suffixes).

affix as initial/final 
morpheme – tokens – number 
(Metric 19c)

Number of affix tokens within a given vocabulary 
size in which the affix the initial morpheme (for 
prefixes) or the final morpheme (for suffixes).

affix as initial/final 
morpheme – tokens – 
proportion (Metric 19d)

Proportion of affix tokens within a given 
vocabulary size in which the affix is the initial 
morpheme (for prefixes) or the final morpheme 
(for suffixes).
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Table 2  Three Metrics for the Affix -able

Affix Vocabulary 
size

affix types –  
number  

(Metric 1)

semantic 
transparency –  
types – number 

(Metric 7a)

affix as initial/final 
morpheme –  

types – proportion  
(Metric 19b)

-able ~1000 4 1 0.750
-able ~2000 10 3 0.700
-able ~3000 17 6 0.765
-able ~4000 22 7 0.727
-able ~5000 24 8 0.750
-able ~6000 27 10 0.778
-able ~7000 30 11 0.800
-able ~8000 35 13 0.829
-able ~9000 39 15 0.846
-able ~10000 44 19 0.864
-able ~11000 51 23 0.824

-2

-1

0

1

2

3

4

-able
-al (adjectives)
-an (nouns)
-ance
-ant (adjectives)
-ant (nouns)
-ate (verbs)
-ation
dis-
en-
-er (nouns)
-ful (adjectives)
-ic (adjectives)
-ie (dim

inutives)
im

- (negatory)
in- (directional)
-ish
-ist
-ity
-ive
-ize
-less
-ly (adverbs)
-m

ent
-ness
-ous
out-
over-
pre-
re-
-ship
trans-
un-
under-
up-
-ure
-y (adjectives)
-y (nouns)

Figure 1  Global Means and SD (z-scores) for each Affix Calculated Across all Metrics and 
all Vocabulary Size Levels.
Note. Means are for metric values converted to z-scores. The z-scores were calculated based on the metric 
values for each affix at each specific vocabulary size. That is, the values across the 38 affixes for a given metric 
at the ~1000 vocabulary size level were converted to z-scores, the values across the affixes for that metric at 
the ~2000 vocabulary size level converted to z-scores, and so on. Each set of z-scores thus indicated, at a 
given vocabulary size, metric values for the affixes relative to each other. For each affix, the mean value of all 
z-scores at a given vocabulary size was then calculated (e.g., the mean of the 58 z-scores for -able at the ~1000 
vocabulary size level). Finally, the mean value for each affix across the 11 vocabulary size levels was calculated.
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does not determine these global means. The third highest mean is for over- despite it 
occurring in a relatively small number of lemmas (none at all within the first 4,000 
lemmas). This might indicate that, once it is encountered, over- has many characteristics 
that make it somewhat easier to acquire.

The lowest global means are for the affixes pre- and -ate (verbs). The former occurs 
in relatively few lemmas (though in a similar number to over-), while the latter is 
quite frequent. Both, however, have low values across many metrics, including those 
concerning frequency, semantics, and form.

Conclusion
The affix metrics introduced here allow a variety of analyses to be conducted. These 
analyses may focus on the metrics themselves (i.e., investigating which metrics are 
of greater or lesser importance for the acquisition of affixes) or on the affixes (i.e., 
investigating which affixes are likely to be relatively easier or more difficult to learn). 
Thus, in addition to the metrics themselves, the OSF site for this project also includes 
tables and graphs intended to facilitate analyses following these two approaches.

Importantly, the metrics allow a dynamic view of such questions since they were 
calculated across successively larger vocabulary sizes. That is, when it comes to learners’ 
acquisition of affixes, what is important is not how many words feature a given affix 
in the language as a whole, but rather how many such words a learner knows or has 
been exposed to. Thus, the metrics allow dynamic investigations of how different 
factors may influence acquisition as learners’ experience of the language increases and 
their vocabulary knowledge develops. This, to our knowledge, is a unique feature of 
the metrics and one that we hope will help advance understanding of knowledge and 
acquisition of English affixes.

Note
1.	 Here and elsewhere in the text, the term base is used, after Bauer, Lieber and Plag 

(2013), to refer to “any morphological element to which other elements are added 
in the creation of words” (p. 18). That is, base is an umbrella term covering both 
baseword and precursor as defined in the previous paragraph.
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Appendix A

Sampling of Affixes
Affixes were sampled for the study as follows.

Step 1:	� Estimates of affix type frequencies made use of the MorphoLex database 
(Sánchez-Gutiérrez et al., 2018). This database provides codings for the 
prefix, suffix, and root elements for nearly 80,000 English words.

Step 2:	� The codings in MorphoLex are based on form. Therefore, the following 
manual adjustments were made to the codings.

Step 2a:	� Different affixes that share an orthographic form were given separate 
codings. Examples included: (i) adjective-forming -en and verb-forming 
-en, (ii) adverb-forming -ly and adjective-forming -ly, and (iii) noun-
forming -th and ordinal number-forming -th. To determine the proportion 
of words in the MorphoLex database that feature each affix, a random 
sample of 100 types was analysed. For example, there are 2,932 words coded 
as containing -ly in the MorphoLex database. In a random sample of 100 
of these words, 94 were instances of adverb-forming -ly and 6 adjective-
forming -ly. Thus, it was estimated that the MorphoLex database contains 
2,756 words (2,932 x 0.94) with adverb-forming -ly and 176 words (2,932 
x 0.06) with adjective-forming -ly.

Step 2b:	� Affixes with allomorphic variants were consolidated into a single coding 
represented by the canonical form. This included cases where the 
orthographic form of an affix was changed due to the presence of another 
affix. Examples included: (i) Adjective-forming -able (canonical form) 
can appear as -ible, as well as -ab or -ib when followed by -ly; (ii) Agent 
noun-forming -er (canonical form) can appear as -or, -yer, -ier, or -ior; (iii) 
Negatory prefix in- (canonical form) can appear as im-, il-, or ir-. In these 
cases, the MorphoLex database counts for the variants were summed to 
produce a single count.

Step 2c:	� Codings that required an understanding of etymology or allomorphy were 
based on Bauer et al. (2013) where possible and supplemented with online 
resources (https://www.etymonline.com and https://www.affixes.org/index.
html).

Step 3: 	� From these adjusted codings, 50 target affixes were sampled using systemic 
sampling with unequal probabilities. This method allowed the type 
frequency of an affix to affect its likelihood of being selected in the sample, 
which ensured that the highest frequency affixes would be included along 
with a selection of mid- and low-frequency affixes. 

As mentioned in the paper, after coding the 11,000 lemmas in the TV/movie sub-
titles word list for the presence of the 50 target affixes (see Appendix B: Affix codings), 
it was found that 12 occurred in fewer than 10 lemmas in the lemmas list, so metrics 
were not developed for these affixes (i.e., metrics were developed for 38 affixes).
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Appendix B

Coding of Affixes
Procedures for coding words for affixes were as follows.

Step 1:	� A corpus of subtitles from TV and movies classified as “family genre” was 
used as the source of words and frequency measures. Previous research by 
Pinchbeck et al. (2022) found that there were strong correlations between 
Japanese learners’ word knowledge and word frequency rankings in a TV/
movie subtitles corpus.

Step 2:	� Affix codings were made for the first 11,000 lemmas in the family viewing 
TV/movie subtitles corpus. Figures cited by Vilkaitė-Lozdienė and 
Schmitt (2020) suggested that 11,000 lemmas would provide 95% coverage 
of various genres of English. Our own calculations using the list of 11,000 
lemmas and looking at various samples from COCA sub-corpora produced 
similar findings.

Step 3:	� The 11,000 lemmas were coded for the presence of 50 target affixes by 
two raters, both L1 speakers of English with backgrounds in Applied 
Linguistics. The presence of affixes was determined using the following 
criteria:

Step 3a:	� If an affix was etymologically present and attached to a free baseword, 
and the meaning of the affixed form was similar to that of the baseword, 
then the affix was coded as present. For example, reasonable was coded as 
containing the suffix -able on the baseword reason.

Step 3b:	� If an affix was etymologically present and attached to a bound root, and 
other words containing the same bound root existed (akin to Becker’s 
[1993] cross-formations), then the affix was coded as present. For example, 
caution and cautious were coded as containing -ion and -ous, with caut 
treated as a bound root.

Step 3c:	� If an affix was etymologically present and attached to a free baseword, but 
the meaning of the derived form was dissimilar to that of the baseword, 
then the affix was coded as not present. For example, the word hospitality 
was not tagged as containing the suffix -ity as its meaning is dissimilar to 
hospital.

Step 3d:	� If an affix was etymologically present and attached to a bound root, but 
no other words containing the same bound root existed, then the affix 
was coded as not present. For example, the word vicinity was not coded as 
containing the suffix -ity.

Step 3e:	� If the affix was not etymologically present, then the affix was coded as not 
present. For example, the word unite was not coded as containing the prefix 
un-.

Step 3f:	� When determining the presence of a baseword, common allomorphs were 
permitted. For example, cases where the final -e was deleted (e.g., nature– 
natural), the final consonant was doubled (e.g., fun–funny), or the final -y  
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was changed to -i (e.g., carry–carrier) were still considered to represent 
free basewords (see Bauer et al., 2013). Similarly, allomorphs of the target 
affixes were treated as variations of the canonical form (i.e., -ious and -itious 
were treated as forms of -ous).

Step 4:	� Words coded as not containing a target affix but which contained an 
orthographic string matching that of the affix (allomorphs permitted) in 
an appropriate position (i.e., prefixes before basewords or other elements 
and suffixes after basewords or other elements), were coded as “Apparent 
affixes” (see Metric 4).

	� Example 1: In the word real, the prefix re- and suffix -al were coded as 
apparent affixes.

	� Example 2: In the word energy, the prefix en- and diminutive-forming 
suffix -y were coded as apparent affixes (with the noun-forming suffix -y 
coded as a genuine affix).

Step 5:	� 12 of the sampled affixes (-acy, -ify, co-, de-, di-, ex- micro-, mis-, pro-, semi-, 
sub-, and mono-) were found to occur in fewer then 10 lemmas, so were 
removed from the sample.
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bu

lar
y 

siz
e w

as
 d

iv
id

ed
 b

y 
th

e n
at

ur
al 

lo
g 

of
 th

e 
nu

m
be

r o
f a

ffi
x 

ty
pe

s (
M

et
ric

 1
).

fo
rm

–f
un

ct
io

n 
co

nt
in

ge
nc

y 
 

(M
et

ric
 4

)

Fo
rm

–f
un

ct
io

n 
co

nt
in

ge
nc

y 
in

di
ca

te
s h

ow
 co

ns
ist

en
tly

 a 
lin

gu
ist

ic 
fo

rm
 

sig
na

ls 
a l

in
gu

ist
ic 

fu
nc

tio
n,

 w
ith

 g
re

at
er

 co
ns

ist
en

cy
 li

ke
ly

 m
ak

in
g 

lea
rn

in
g 

ea
sie

r (
G

rie
s &

 E
lli

s, 
20

15
).

Th
e n

um
be

r o
f a

ffi
x 

ty
pe

s (
M

et
ric

 1
) w

as
 d

iv
id

ed
 b

y 
th

e n
um

be
r o

f a
pp

ar
en

t a
ffi

x 
ty

pe
s (

se
e S

te
p 

4 
in

 A
pp

en
di

x 
B:

 C
od

in
g 

of
 affi

xe
s) 

wi
th

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e.

kn
ow

n 
ba

se
w

or
ds

/ 
pr

ec
ur

so
rs

 –
 p

ro
po

rt
io

n 
 

(M
et

ric
 5

)

A
n 

affi
x 

is 
m

or
e l

ik
el

y 
to

 b
e r

ec
og

ni
se

d 
in

 a 
wo

rd
 if

 a 
ba

se
wo

rd
 o

r 
pr

ec
ur

so
r r

ela
te

d 
to

 th
at

 w
or

d 
is 

alr
ea

dy
 k

no
wn

.
Th

e n
um

be
r o

f a
ffi

x 
ty

pe
s t

ha
t h

av
e a

 b
as

ew
or

d 
or

 p
re

cu
rs

or
 w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e w
as

 d
iv

id
ed

 b
y 

th
e n

um
be

r o
f a

ffi
x 

ty
pe

s a
t t

he
 g

iv
en

 vo
ca

bu
lar

y 
siz

e (
M

et
ric

 1
).

se
m

an
ti

c 
va

ri
ab

il
it

y 
– 

nu
m

be
r 

(M
et

ric
 6

)
Fe

we
r s

en
se

s (
or

 a 
sin

gl
e s

en
se

) m
ay

 m
ak

e i
t e

as
ie

r t
o 

as
sig

n 
a r

ol
e t

o 
an

 
affi

x 
(G

ol
ds

ch
ne

id
er

 &
 D

eK
ey

se
r, 

20
01

).
Th

is 
m

et
ric

 in
di

ca
te

s t
he

 n
um

be
r o

f s
en

se
s a

n 
affi

x 
ha

s w
ith

in
 th

e a
ffi

x 
ty

pe
s a

t 
a g

iv
en

 vo
ca

bu
lar

y 
siz

e. 
Th

e n
um

be
r o

f s
en

se
s e

ac
h 

affi
x 

ha
s w

as
 d

et
er

m
in

ed
 b

y 
co

ns
ul

tin
g 

th
e s

en
se

 li
sti

ng
s i

n 
th

e O
xf

or
d 

an
d 

M
er

ria
m

-W
eb

ste
r d

ict
io

na
rie

s. 
Tw

o 
ra

te
rs

, b
ot

h 
L1

 sp
ea

ke
rs

 o
f E

ng
lis

h 
wi

th
 b

ac
kg

ro
un

ds
 in

 A
pp

lie
d 

Li
ng

ui
sti

cs
, 

fir
st 

co
lla

ps
ed

 th
e s

en
se

s i
nt

o 
th

os
e t

ha
t w

er
e b

ro
ad

ly
 si

m
ila

r. 
Fo

r e
xa

m
pl

e, 
fo

r t
he

 
su

ffi
x 

-a
bl

e, 
th

e s
en

se
s “

ca
pa

bl
e o

f”
 an

d 
“a

bl
e t

o 
be

” (
e.g

., 
br

ea
ka

bl
e, 

co
lle

cti
bl

e) 
we

re
 

tre
at

ed
 as

 o
ne

 se
ns

e, 
wh

ile
 th

e s
en

se
s “

te
nd

in
g, 

gi
ve

n,
 o

r l
ia

bl
e t

o”
 (e

.g
., 

ag
re

ea
bl

e, 
pe

ris
ha

bl
e),

 “s
ub

jec
t t

o”
 (e

.g
., 

ta
xa

bl
e),

 “r
ele

va
nt

 to
” (

e.g
., 

fa
sh

ion
ab

le)
, a

nd
 “h

av
in

g 
a 

qu
ali

ty
” (

e.g
., 

co
m

for
ta

bl
e, 

ho
rr

ib
le)

 w
er

e t
og

et
he

r t
re

at
ed

 as
 a 

se
co

nd
 se

ns
e. 

E
ac

h 
affi

x 
ty

pe
 w

as
 th

en
 as

sig
ne

d 
to

 an
 affi

x 
se

ns
e b

as
ed

 o
n 

wo
rd

 d
efi

ni
tio

ns
 in

 th
e 

O
xf

or
d 

an
d 

M
er

ria
m

-W
eb

ste
r d

ict
io

na
rie

s. 
In

 ca
se

s w
he

re
 a 

wo
rd

 h
as

 m
ul

tip
le 

m
ea

ni
ng

s, 
wi

th
 o

ne
 m

ea
ni

ng
 in

 o
ne

 affi
x 

se
ns

e a
nd

 an
ot

he
r m

ea
ni

ng
 in

 an
ot

he
r, 

10
0 

ra
nd

om
 co

nc
or

da
nc

e l
in

es
 w

er
e t

ak
en

 fr
om

 th
e T

V
 an

d 
m

ov
ie

s s
ub

-c
or

pu
s i

n 
C

O
C

A
, t

he
 m

os
t f

re
qu

en
t m

ea
ni

ng
 w

as
 d

et
er

m
in

ed
 an

d 
th

e w
or

d 
as

sig
ne

d 
to

 th
is 

affi
x 

se
ns

e.

se
m

an
ti

c 
tr

an
sp

ar
en

cy
 –

 
ty

pe
s –

 n
um

be
r 

 
(M

et
ric

 7
a)

Se
m

an
tic

 tr
an

sp
ar

en
cy

 m
ay

 aff
ec

t t
he

 li
ke

lih
oo

d 
of

 an
 affi

x 
be

in
g 

re
co

gn
ise

d 
as

 su
ch

 (i
.e.

, g
re

at
er

 tr
an

sp
ar

en
cy

 =
 a 

gr
ea

te
r c

ha
nc

e o
f a

ffi
x 

re
co

gn
iti

on
). 

Se
e H

ay
 (2

00
1, 

20
03

); 
Ja

rm
ul

ow
icz

 an
d 

Ta
ra

n 
(2

01
3)

.

A
 co

un
t w

as
 m

ad
e o

f a
ffi

x 
ty

pe
s w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e f
or

 w
hi

ch
 th

er
e i

s 
a t

ra
ns

pa
re

nt
 se

m
an

tic
 li

nk
 b

et
we

en
 th

e a
ffi

x 
ty

pe
 an

d 
its

 b
as

ew
or

d 
or

 p
re

cu
rs

or
. 

Tr
an

sp
ar

en
cy

 o
f s

em
an

tic
 li

nk
s w

as
 d

et
er

m
in

ed
 b

y 
co

ns
ul

tin
g 

di
ct

io
na

rie
s a

nd
 

a s
em

an
tic

 cl
as

sifi
ca

tio
n 

da
ta

ba
se

: (
a)

 in
 th

e O
xf

or
d 

an
d 

M
er

ria
m

-W
eb

ste
r 

di
ct

io
na

rie
s, 

if 
ei

th
er

 a 
ba

se
wo

rd
 o

r p
re

cu
rs

or
 ap

pe
ar

ed
 in

 th
e d

efi
ni

tio
n 

of
 an

 
affi

x 
ty

pe
, t

he
n 

a s
em

an
tic

all
y 

tra
ns

pa
re

nt
 re

lat
io

ns
hi

p 
wa

s c
od

ed
 as

 p
re

se
nt

; (
b)

 
in

 th
e U

C
RE

L 
Se

m
an

tic
 A

na
ly

sis
 S

ys
te

m
 (U

SA
S)

 (P
iao

 et
 al

., 
20

15
), 

ac
ce

ss
ed

 
th

ro
ug

h 
th

e W
M

at
rix

 co
rp

us
 an

al
ys

is 
to

ol
 (h

ttp
s:/

/u
cr

el.
lan

cs
.ac

.u
k/

wm
at

rix
/),

 
if 

th
e b

as
ew

or
d/

pr
ec

ur
so

r a
nd

 affi
x 

ty
pe

 re
ce

iv
ed

 th
e s

am
e s

em
an

tic
 ta

g, 
th

en
 a 

se
m

an
tic

all
y 

tra
ns

pa
re

nt
 re

lat
io

ns
hi

p 
wa

s c
od

ed
 as

 p
re

se
nt

. I
f e

ith
er

 ap
pr

oa
ch

 (a
 

or
 b

) p
ro

vi
de

d 
ev

id
en

ce
 o

f s
em

an
tic

 tr
an

sp
ar

en
cy

, a
 se

m
an

tic
all

y 
tra

ns
pa

re
nt

 li
nk

 
wa

s c
od

ed
. E

xa
m

pl
e 1

: I
n 

on
e d

ict
io

na
ry

 (M
er

ria
m

-W
eb

ste
r),

 th
e d

efi
ni

tio
n 

of
 

un
be

lie
va

bl
e i

s “
of

 su
ch

 a 
su

pe
rla

tiv
e d

eg
re

e a
s t

o 
be

 h
ar

d 
to

 b
eli

ev
e”

. Th
us

, t
he

 
ba

se
wo

rd
 b

eli
ev

e a
pp

ea
rs

 w
ith

in
 th

e d
ict

io
na

ry
 en

tr
y 

fo
r u

nb
eli

ev
ab

le,
 an

d 
th

is 
wa

s 
co

de
d 

as
 se

m
an

tic
 tr

an
sp

ar
en

cy
. E

xa
m

pl
e 2

: Th
e t

wo
 d

ict
io

na
rie

s d
efi

ne
 b

os
sy

 as
 

“fo
nd

 o
f g

iv
in

g 
pe

op
le 

or
de

rs
; d

om
in

ee
rin

g”
 an

d 
“in

cli
ne

d 
to

 d
om

in
ee

r; 
di

ct
at

or
ia

l”.
 

H
ow

ev
er

, i
n 

U
SA

S,
 th

e f
or

m
s b

os
s a

nd
 b

os
sy

 b
ot

h 
re

ce
iv

e t
he

 sa
m

e s
em

an
tic

 ta
g 

(S
7.

1:
 p

ow
er

, o
rg

an
iz

in
g)

. Th
er

ef
or

e, 
th

e s
em

an
tic

 ta
gg

in
g 

wa
s t

ak
en

 as
 e

vi
de

nc
e o

f 
se

m
an

tic
 tr

an
sp

ar
en

cy
.

se
m

an
ti

c 
tr

an
sp

ar
en

cy
 –

  
ty

pe
s –

 p
ro

po
rt

io
n 

 
(M

et
ric

 7
b)

M
et

ric
 7

a w
as

 d
iv

id
ed

 b
y 

th
e n

um
be

r o
f a

ffi
x 

ty
pe

s (
M

et
ric

 1
) w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e.
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A
pp

en
di

x C

M
et

ric
s R

at
io

na
le

 an
d 

M
et

ho
do

lo
gy

M
et

ric
 n

am
e

R
at

io
na

le
M

et
ho

d

af
fi

x 
ty

pe
s –

 n
um

be
r 

(M
et

ric
 1

)
Th

e n
um

be
r o

f t
yp

es
 fe

at
ur

in
g 

a g
iv

en
 li

ng
ui

sti
c f

ea
tu

re
 is

 th
ou

gh
t t

o 
be

 a 
ke

y 
dr

iv
er

 o
f a

cq
ui

sit
io

n.
 S

ee
 B

yb
ee

 (2
00

6)
; B

er
tra

m
, B

aa
ye

n 
an

d 
Sc

hr
eu

de
r (

20
00

).

A
 co

un
t w

as
 m

ad
e o

f l
em

m
a t

yp
es

 co
nt

ai
ni

ng
 ea

ch
 affi

x 
at

 su
cc

es
siv

el
y 

lar
ge

r 
vo

ca
bu

lar
y 

siz
es

 (f
ro

m
 1

k 
on

ly
 to

 1
–1

1k
).

af
fi

x 
ty

pe
–t

ok
en

 r
at

io
 

(M
et

ric
 2

)
W

or
d 

fo
rm

s t
ha

t a
re

 fr
eq

ue
nt

 ar
e m

or
e l

ik
el

y 
to

 h
av

e d
ev

elo
pe

d 
m

ea
ni

ng
s t

ha
t a

re
 in

de
pe

nd
en

t o
f t

he
ir 

co
m

po
sit

io
n 

(i.
e.,

 n
on

-
co

m
po

ne
nt

ia
l s

em
an

tic
s/

se
m

an
tic

 au
to

no
m

y)
 (B

yb
ee

, 2
00

6)
. A

 lo
we

r 
ty

pe
–t

ok
en

 ra
tio

 m
ay

 in
di

ca
te

 th
at

 th
e t

yp
es

 fe
at

ur
in

g 
an

 affi
x 

ha
ve

 
un

de
rg

on
e t

hi
s p

ro
ce

ss
 an

d 
ar

e t
hu

s l
es

s a
cc

es
sib

le 
ex

am
pl

es
 o

f t
he

 affi
x.

Th
e n

um
be

r o
f a

ffi
x 

ty
pe

s a
t a

 g
iv

en
 vo

ca
bu

lar
y 

siz
e (

M
et

ric
 1

) w
as

 d
iv

id
ed

 b
y 

th
e 

to
ta

l n
um

be
r o

f a
ffi

x 
to

ke
ns

 at
 ea

ch
 vo

ca
bu

lar
y 

siz
e.

re
la

ti
ve

 e
nt

ro
py

 a
m

on
g 

af
fi

x 
ty

pe
s (

M
et

ric
 3

)
W

or
d 

fo
rm

s t
ha

t a
re

 fr
eq

ue
nt

 ar
e m

or
e l

ik
el

y 
to

 h
av

e d
ev

elo
pe

d 
m

ea
ni

ng
s t

ha
t a

re
 in

de
pe

nd
en

t o
f t

he
ir 

co
m

po
sit

io
n 

(i.
e.,

 n
on

-
co

m
po

ne
nt

ia
l s

em
an

tic
s/

se
m

an
tic

 au
to

no
m

y)
 (B

yb
ee

, 2
00

6)
. R

ela
tiv

e 
en

tro
py

 is
 a 

m
ea

su
re

 o
f t

he
 fr

eq
ue

nc
y 

di
str

ib
ut

io
n 

of
 it

em
s o

f a
 

pa
rti

cu
lar

 ty
pe

 (G
rie

s &
 E

lli
s, 

20
15

). 
Lo

we
r r

ela
tiv

e e
nt

ro
py

 (i
.e.

, 
les

s e
ve

nn
es

s a
m

on
g 

th
e a

ffi
x 

ty
pe

s) 
co

ul
d 

be
 an

 in
di

ca
to

r o
f g

re
at

er
 

se
m

an
tic

 va
ria

bi
lit

y 
wi

th
in

 th
e a

ffi
x 

ty
pe

s, 
m

ak
in

g 
th

e m
ea

ni
ng

 o
f t

he
 

affi
x 

m
or

e d
iffi

cu
lt 

to
 g

en
er

ali
ze

.

Th
is 

m
et

ric
 in

di
ca

te
s t

he
 e

ve
nn

es
s o

f t
he

 fr
eq

ue
nc

y 
di

str
ib

ut
io

n 
of

 th
e t

yp
es

 
fe

at
ur

in
g 

th
e a

ffi
x 

wi
th

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e. 

Ba
se

d 
on

 G
rie

s (
20

10
):

1. 
 �Th

e p
ro

po
rti

on
 o

f t
he

 to
ta

l n
um

be
r o

f a
ffi

x 
to

ke
ns

 at
 ea

ch
 vo

ca
bu

lar
y 

siz
e 

ac
co

un
te

d 
fo

r b
y 

ea
ch

 le
m

m
a t

yp
e w

as
 ca

lcu
lat

ed
.

2. 
 �Th

es
e p

ro
po

rti
on

s w
er

e m
ul

tip
lie

d 
by

 th
e n

at
ur

al 
lo

g 
of

 ea
ch

 p
ro

po
rti

on
.

3. 
 �Th

e s
um

 o
f (

2)
 fo

r e
ac

h 
vo

ca
bu

lar
y 

siz
e w

as
 d

iv
id

ed
 b

y 
th

e n
at

ur
al 

lo
g 

of
 th

e 
nu

m
be

r o
f a

ffi
x 

ty
pe

s (
M

et
ric

 1
).

fo
rm

–f
un

ct
io

n 
co

nt
in

ge
nc

y 
 

(M
et

ric
 4

)

Fo
rm

–f
un

ct
io

n 
co

nt
in

ge
nc

y 
in

di
ca

te
s h

ow
 co

ns
ist

en
tly

 a 
lin

gu
ist

ic 
fo

rm
 

sig
na

ls 
a l

in
gu

ist
ic 

fu
nc

tio
n,

 w
ith

 g
re

at
er

 co
ns

ist
en

cy
 li

ke
ly

 m
ak

in
g 

lea
rn

in
g 

ea
sie

r (
G

rie
s &

 E
lli

s, 
20

15
).

Th
e n

um
be

r o
f a

ffi
x 

ty
pe

s (
M

et
ric

 1
) w

as
 d

iv
id

ed
 b

y 
th

e n
um

be
r o

f a
pp

ar
en

t a
ffi

x 
ty

pe
s (

se
e S

te
p 

4 
in

 A
pp

en
di

x 
B:

 C
od

in
g 

of
 affi

xe
s) 

wi
th

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e.

kn
ow

n 
ba

se
w

or
ds

/ 
pr

ec
ur

so
rs

 –
 p

ro
po

rt
io

n 
 

(M
et

ric
 5

)

A
n 

affi
x 

is 
m

or
e l

ik
el

y 
to

 b
e r

ec
og

ni
se

d 
in

 a 
wo

rd
 if

 a 
ba

se
wo

rd
 o

r 
pr

ec
ur

so
r r

ela
te

d 
to

 th
at

 w
or

d 
is 

alr
ea

dy
 k

no
wn

.
Th

e n
um

be
r o

f a
ffi

x 
ty

pe
s t

ha
t h

av
e a

 b
as

ew
or

d 
or

 p
re

cu
rs

or
 w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e w
as

 d
iv

id
ed

 b
y 

th
e n

um
be

r o
f a

ffi
x 

ty
pe

s a
t t

he
 g

iv
en

 vo
ca

bu
lar

y 
siz

e (
M

et
ric

 1
).

se
m

an
ti

c 
va

ri
ab

il
it

y 
– 

nu
m

be
r 

(M
et

ric
 6

)
Fe

we
r s

en
se

s (
or

 a 
sin

gl
e s

en
se

) m
ay

 m
ak

e i
t e

as
ie

r t
o 

as
sig

n 
a r

ol
e t

o 
an

 
affi

x 
(G

ol
ds

ch
ne

id
er

 &
 D

eK
ey

se
r, 

20
01

).
Th

is 
m

et
ric

 in
di

ca
te

s t
he

 n
um

be
r o

f s
en

se
s a

n 
affi

x 
ha

s w
ith

in
 th

e a
ffi

x 
ty

pe
s a

t 
a g

iv
en

 vo
ca

bu
lar

y 
siz

e. 
Th

e n
um

be
r o

f s
en

se
s e

ac
h 

affi
x 

ha
s w

as
 d

et
er

m
in

ed
 b

y 
co

ns
ul

tin
g 

th
e s

en
se

 li
sti

ng
s i

n 
th

e O
xf

or
d 

an
d 

M
er

ria
m

-W
eb

ste
r d

ict
io

na
rie

s. 
Tw

o 
ra

te
rs

, b
ot

h 
L1

 sp
ea

ke
rs

 o
f E

ng
lis

h 
wi

th
 b

ac
kg

ro
un

ds
 in

 A
pp

lie
d 

Li
ng

ui
sti

cs
, 

fir
st 

co
lla

ps
ed

 th
e s

en
se

s i
nt

o 
th

os
e t

ha
t w

er
e b

ro
ad

ly
 si

m
ila

r. 
Fo

r e
xa

m
pl

e, 
fo

r t
he

 
su

ffi
x 

-a
bl

e, 
th

e s
en

se
s “

ca
pa

bl
e o

f”
 an

d 
“a

bl
e t

o 
be

” (
e.g

., 
br

ea
ka

bl
e, 

co
lle

cti
bl

e) 
we

re
 

tre
at

ed
 as

 o
ne

 se
ns

e, 
wh

ile
 th

e s
en

se
s “

te
nd

in
g, 

gi
ve

n,
 o

r l
ia

bl
e t

o”
 (e

.g
., 

ag
re

ea
bl

e, 
pe

ris
ha

bl
e),

 “s
ub

jec
t t

o”
 (e

.g
., 

ta
xa

bl
e),

 “r
ele

va
nt

 to
” (

e.g
., 

fa
sh

ion
ab

le)
, a

nd
 “h

av
in

g 
a 

qu
ali

ty
” (

e.g
., 

co
m

for
ta

bl
e, 

ho
rr

ib
le)

 w
er

e t
og

et
he

r t
re

at
ed

 as
 a 

se
co

nd
 se

ns
e. 

E
ac

h 
affi

x 
ty

pe
 w

as
 th

en
 as

sig
ne

d 
to

 an
 affi

x 
se

ns
e b

as
ed

 o
n 

wo
rd

 d
efi

ni
tio

ns
 in

 th
e 

O
xf

or
d 

an
d 

M
er

ria
m

-W
eb

ste
r d

ict
io

na
rie

s. 
In

 ca
se

s w
he

re
 a 

wo
rd

 h
as

 m
ul

tip
le 

m
ea

ni
ng

s, 
wi

th
 o

ne
 m

ea
ni

ng
 in

 o
ne

 affi
x 

se
ns

e a
nd

 an
ot

he
r m

ea
ni

ng
 in

 an
ot

he
r, 

10
0 

ra
nd

om
 co

nc
or

da
nc

e l
in

es
 w

er
e t

ak
en

 fr
om

 th
e T

V
 an

d 
m

ov
ie

s s
ub

-c
or

pu
s i

n 
C

O
C

A
, t

he
 m

os
t f

re
qu

en
t m

ea
ni

ng
 w

as
 d

et
er

m
in

ed
 an

d 
th

e w
or

d 
as

sig
ne

d 
to

 th
is 

affi
x 

se
ns

e.

se
m

an
ti

c 
tr

an
sp

ar
en

cy
 –

 
ty

pe
s –

 n
um

be
r 

 
(M

et
ric

 7
a)

Se
m

an
tic

 tr
an

sp
ar

en
cy

 m
ay

 aff
ec

t t
he

 li
ke

lih
oo

d 
of

 an
 affi

x 
be

in
g 

re
co

gn
ise

d 
as

 su
ch

 (i
.e.

, g
re

at
er

 tr
an

sp
ar

en
cy

 =
 a 

gr
ea

te
r c

ha
nc

e o
f a

ffi
x 

re
co

gn
iti

on
). 

Se
e H

ay
 (2

00
1, 

20
03

); 
Ja

rm
ul

ow
icz

 an
d 

Ta
ra

n 
(2

01
3)

.

A
 co

un
t w

as
 m

ad
e o

f a
ffi

x 
ty

pe
s w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e f
or

 w
hi

ch
 th

er
e i

s 
a t

ra
ns

pa
re

nt
 se

m
an

tic
 li

nk
 b

et
we

en
 th

e a
ffi

x 
ty

pe
 an

d 
its

 b
as

ew
or

d 
or

 p
re

cu
rs

or
. 

Tr
an

sp
ar

en
cy

 o
f s

em
an

tic
 li

nk
s w

as
 d

et
er

m
in

ed
 b

y 
co

ns
ul

tin
g 

di
ct

io
na

rie
s a

nd
 

a s
em

an
tic

 cl
as

sifi
ca

tio
n 

da
ta

ba
se

: (
a)

 in
 th

e O
xf

or
d 

an
d 

M
er

ria
m

-W
eb

ste
r 

di
ct

io
na

rie
s, 

if 
ei

th
er

 a 
ba

se
wo

rd
 o

r p
re

cu
rs

or
 ap

pe
ar

ed
 in

 th
e d

efi
ni

tio
n 

of
 an

 
affi

x 
ty

pe
, t

he
n 

a s
em

an
tic

all
y 

tra
ns

pa
re

nt
 re

lat
io

ns
hi

p 
wa

s c
od

ed
 as

 p
re

se
nt

; (
b)

 
in

 th
e U

C
RE

L 
Se

m
an

tic
 A

na
ly

sis
 S

ys
te

m
 (U

SA
S)

 (P
iao

 et
 al

., 
20

15
), 

ac
ce

ss
ed

 
th

ro
ug

h 
th

e W
M

at
rix

 co
rp

us
 an

al
ys

is 
to

ol
 (h

ttp
s:/

/u
cr

el.
lan

cs
.ac

.u
k/

wm
at

rix
/),

 
if 

th
e b

as
ew

or
d/

pr
ec

ur
so

r a
nd

 affi
x 

ty
pe

 re
ce

iv
ed

 th
e s

am
e s

em
an

tic
 ta

g, 
th

en
 a 

se
m

an
tic

all
y 

tra
ns

pa
re

nt
 re

lat
io

ns
hi

p 
wa

s c
od

ed
 as

 p
re

se
nt

. I
f e

ith
er

 ap
pr

oa
ch

 (a
 

or
 b

) p
ro

vi
de

d 
ev

id
en

ce
 o

f s
em

an
tic

 tr
an

sp
ar

en
cy

, a
 se

m
an

tic
all

y 
tra

ns
pa

re
nt

 li
nk

 
wa

s c
od

ed
. E

xa
m

pl
e 1

: I
n 

on
e d

ict
io

na
ry

 (M
er

ria
m

-W
eb

ste
r),

 th
e d

efi
ni

tio
n 

of
 

un
be

lie
va

bl
e i

s “
of

 su
ch

 a 
su

pe
rla

tiv
e d

eg
re

e a
s t

o 
be

 h
ar

d 
to

 b
eli

ev
e”

. Th
us

, t
he

 
ba

se
wo

rd
 b

eli
ev

e a
pp

ea
rs

 w
ith

in
 th

e d
ict

io
na

ry
 en

tr
y 

fo
r u
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eli

ev
ab

le,
 an

d 
th

is 
wa

s 
co

de
d 
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 se

m
an

tic
 tr

an
sp

ar
en

cy
. E

xa
m

pl
e 2

: Th
e t

wo
 d

ict
io

na
rie

s d
efi

ne
 b

os
sy
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“fo
nd

 o
f g

iv
in

g 
pe

op
le 

or
de

rs
; d

om
in

ee
rin

g”
 an

d 
“in

cli
ne

d 
to

 d
om

in
ee

r; 
di

ct
at

or
ia

l”.
 

H
ow

ev
er

, i
n 

U
SA

S,
 th

e f
or

m
s b

os
s a

nd
 b

os
sy

 b
ot

h 
re

ce
iv

e t
he

 sa
m

e s
em

an
tic

 ta
g 

(S
7.

1:
 p

ow
er

, o
rg

an
iz

in
g)

. Th
er

ef
or

e, 
th

e s
em

an
tic

 ta
gg

in
g 

wa
s t

ak
en

 as
 e

vi
de

nc
e o

f 
se

m
an

tic
 tr

an
sp

ar
en

cy
.

se
m

an
ti

c 
tr

an
sp

ar
en

cy
 –

  
ty

pe
s –

 p
ro

po
rt

io
n 

 
(M

et
ric

 7
b)

M
et

ric
 7

a w
as

 d
iv

id
ed

 b
y 

th
e n

um
be

r o
f a

ffi
x 

ty
pe

s (
M

et
ric

 1
) w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e.

(C
on

tin
ue

d)



22� Metrics for Investigations into L2 Knowledge of Derivational Affixes
M

et
ric

 n
am

e
R

at
io

na
le

M
et

ho
d

se
m

an
ti

c 
tr

an
sp

ar
en

cy
 –

 
to

ke
ns

 –
 n

um
be

r 
 

(M
et

ric
 7

c)

Th
e n

um
be

r o
f a

ffi
x 

to
ke

ns
 fo

r e
ac

h 
affi

x 
ty

pe
 co

de
d 

in
 M

et
ric

 7
a w

as
 fo

un
d.

 Th
es

e 
affi

x 
to

ke
n 

co
un

ts 
we

re
 th

en
 su

m
m

ed
.

se
m

an
ti

c 
tr

an
sp

ar
en

cy
 –

  
to

ke
ns

 –
 p

ro
po

rt
io

n 
 

(M
et

ric
 7

d)

M
et

ric
 7

c w
as

 d
iv

id
ed

 b
y 

th
e s

um
m

ed
 to

ta
l o

f t
he

 affi
x 

to
ke

ns
 w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e.

m
or

ph
ol

og
ic

al
 fa

m
il

y 
si

ze
 –

 t
yp

es
 –

 m
ea

n 
 

(M
et

ric
 8

a)

G
re

at
er

 m
or

ph
ol

og
ica

l f
am

ily
 si

ze
 in

cr
ea

se
s t

he
 li

ke
lih

oo
d 

of
 a 

wo
rd

 
be

in
g 

ac
ce

ss
ed

 vi
a d

ec
om

po
sit

io
n 

of
 it

s c
om

po
ne

nt
 p

ar
ts 

ra
th

er
 th

an
 

wh
ol

e w
or

d 
ac

ce
ss

. S
ee

 K
up

er
m

an
 an

d 
Va

n 
D

yk
e (

20
11

); 
Fo

rd
, D

av
is 

an
d 

M
ar

sle
n-

W
ils

on
 (2

01
0)

; B
er

tra
m

, B
aa

ye
n 

an
d 

Sc
hr

eu
de

r (
20

00
).

Th
is 

m
et

ric
 in

di
ca

te
s t

he
 av

er
ag

e s
iz

e o
f t

he
 m

or
ph

ol
og

ica
l w

or
d 

fa
m

ili
es

 o
f 

th
e a

ffi
x 

ty
pe

s w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e, 

ca
lcu

lat
ed

 ac
ro

ss
 th

e a
ffi

x 
ty

pe
s. 

Fo
r e

xa
m

pl
e, 

at
 th

e ~
10

00
 le

ve
l, 

fo
r t

he
 affi

x 
-a

tio
n,

 th
er

e a
re

 th
re

e a
ffi

x 
ty

pe
s: 

at
ten

tio
n,

 d
eci

sio
n 

an
d 

qu
est

ion
. A

t t
he
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10

00
 le

ve
l, 

no
 o

th
er

 m
em

be
rs

 o
f t

he
 

at
ten

tio
n 
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 q

ue
sti

on
 w

or
d 

fa
m

ili
es

 o
cc

ur
 an

d 
on

e o
th

er
 m

em
be

r (
de

cid
e) 

of
 th

e 
de

cis
ion

 fa
m

ily
 o

cc
ur

s. 
H

en
ce

, t
he

 w
or

d 
fa

m
ili

es
 fo

r t
he

se
 th

re
e a

ffi
x 

ty
pe

s a
t t

he
 

~1
00

0 
le

ve
l c

on
ta

in
 1

, 2
 an

d 
1 

m
em

be
r r

es
pe

ct
iv

el
y, 

gi
vi

ng
 an

 av
er

ag
e s

iz
e o

f 1
.3

3. 
M

or
ph

ol
og

ica
l f

am
ily

 m
em

be
rs

hi
p 

wa
s d

et
er

m
in

ed
 b

as
ed

 o
n 

th
e s

up
pl

em
en

ta
ry

 
da

ta
 p

ro
vi

de
d 

wi
th

 B
ry

sb
ae

rt 
et

 al
. (
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16

). 
Th

e 1
1,

00
0 

lem
m
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 in

 o
ur

 w
or

d 
lis

t 
we

re
 m

at
ch

ed
 to

 m
or

ph
ol

og
ica

l f
am

ily
 h

ea
dw

or
ds

 fr
om

 th
e B

ry
sb

ae
rt 

et
 al

. l
ist

. 
Be

ca
us

e t
he

 B
ry

sb
ae

rt 
et

 al
. l

ist
 is

 b
as

ed
 o

n 
or

th
og

ra
ph

ic 
fo

rm
 o

nl
y 

(i.
e.,

 it
 d

oe
s 

no
t t

ak
e a

cc
ou

nt
 o

f p
ar

t o
f s

pe
ec

h)
, m

an
ua

l c
or

re
ct

io
ns

 w
er

e m
ad

e t
o 

ac
co

un
t 

fo
r h

om
og

ra
ph

s i
n 

th
e l

em
m

a l
ist

. F
or

 ex
am

pl
e, 

th
e w

or
d 

m
in

e a
pp

ea
rs

 in
 th

e 
Br

ys
ba

er
t e

t a
l. 

lis
t a

s a
 m

em
be

r o
f t

he
 p

er
so

na
l p

ro
no

un
 I 

fa
m

ily
. Th

is 
wa

s 
m

an
ua

lly
 co

rre
ct

ed
 su

ch
 th

at
 th

e p
os

se
ss

iv
e p

ro
no

un
 m

in
e w

as
 in

clu
de

d 
in

 th
e I

 
fa

m
ily

 an
d 

th
e c

om
m

on
 n

ou
n 

m
in

e i
n 

th
e s

am
e f

am
ily

 as
 th

e v
er

b 
m

in
e a

nd
 th

e 
no

un
s m

in
er

 an
d 

m
in

in
g.

m
or

ph
ol

og
ic

al
 fa

m
il

y 
si

ze
 –

 t
ok

en
s –

 m
ea

n 
(M

et
ric

 8
b)

Th
is 

m
et

ric
 in

di
ca

te
s t

he
 av

er
ag

e o
f t

he
 su

m
m

ed
 fr

eq
ue

nc
ie

s o
f e

ac
h 

affi
x 

ty
pe

’s 
wo

rd
 fa

m
ily

 m
em

be
rs

 w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e.

ja
pa

ne
se

 l
oa

nw
or

ds
 –

  
ty

pe
s –

 n
um

be
r 

 
(M

et
ric

 9
a)

Si
nc

e l
oa

nw
or

d 
sta

tu
s i

nfl
ue

nc
es

 w
or

d 
di

ffi
cu

lty
 (L

au
fe

r &
 M

cL
ea

n,
 

20
16

; R
og

er
s, 

W
eb

b 
&

 N
ak

at
a, 

20
15

; W
ill

is 
&

 O
ha

sh
i, 

20
12

), 
an

 affi
x 

fo
r w

hi
ch

 th
er

e a
re

 m
or

e l
oa

nw
or

ds
 m

ay
 b

e e
as

ie
r t

o 
lea

rn
.

A
 co

un
t w

as
 m

ad
e o

f a
ffi

x 
ty

pe
s w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e t
ha

t a
re

 lo
an

wo
rd

s 
in

 Ja
pa

ne
se

. L
oa

nw
or

d 
sta

tu
s w

as
 d

et
er

m
in

ed
 fo

llo
wi

ng
 th

e p
ro

ce
du

re
 o

ut
lin

ed
 

in
 A

lle
n 

(2
02

0)
. A

 w
or

d 
lis

t d
er

iv
ed

 fr
om

 th
e B

ala
nc

ed
 C

on
te

m
po

ra
ry

 C
or

pu
s o

f 
W

rit
te

n 
Ja

pa
ne

se
 (n

in
jal

.ac
.jp

) p
ro

vi
de

d 
a l

ist
 o

f p
ot

en
tia

l l
oa

nw
or

ds
, a

nd
 w

or
ds

 
th

at
 ap

pe
ar

ed
 in

 th
e c

or
pu

s w
ith

 a 
fre

qu
en

cy
 >

1 
pe

r m
ill

io
n 

to
ke

ns
 w

er
e c

od
ed

 as
 

lo
an

wo
rd

s.

ja
pa

ne
se

 l
oa

nw
or

ds
 –

  
ty

pe
s –

 p
ro

po
rt

io
n 

(M
et

ric
 9

b)

M
et

ric
 9

a w
as

 d
iv

id
ed

 b
y 

th
e n

um
be

r o
f a

ffi
x 

ty
pe

s (
M

et
ric

 1
) w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e.

ja
pa

ne
se

 l
oa

nw
or

ds
 –

 
to

ke
ns

 –
 n

um
be

r 
 

(M
et

ric
 9

c)

Th
e n

um
be

r o
f a

ffi
x 

to
ke

ns
 fo

r e
ac

h 
affi

x 
ty

pe
 co

de
d 

in
 M

et
ric

 9
a w

as
 fo

un
d.

 Th
es

e 
affi

x 
to

ke
n 

co
un

ts 
we

re
 th

en
 su

m
m

ed
.

ja
pa

ne
se

 l
oa

nw
or

ds
 –

  
to

ke
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 –
 p

ro
po

rt
io

n 
 

(M
et

ric
 9

d)

M
et

ric
 9

c w
as

 d
iv

id
ed

 b
y 

th
e s

um
m

ed
 to

ta
l o

f t
he

 affi
x 

to
ke

ns
 w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e.

de
co

m
po

se
d 

fo
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s –
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pe

s –
 n
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be

r 
(M

et
ric

 1
0a

)
A

n 
affi

x 
ty

pe
 m

or
e f

re
qu

en
t t

ha
n 

its
 b

as
ew

or
d 

or
 p

re
cu

rs
or

 is
 m

or
e l

ik
el

y 
to

 h
av

e a
n 

in
de

pe
nd

en
t r

ep
re

se
nt

at
io

n,
 to

 b
e s

em
an

tic
all

y 
op

aq
ue

 an
d 

to
 b

e n
on

-d
ec

om
po

sa
bl

e. 
C

on
ve

rs
el

y, 
an

 affi
x 

ty
pe

 le
ss

 fr
eq

ue
nt

 th
an

 it
s 

ba
se

wo
rd

 o
r p

re
cu

rs
or

 is
 m

or
e l

ik
el

y 
to

 b
e s

em
an

tic
all

y 
tra

ns
pa

re
nt

 an
d 

de
co

m
po

sa
bl

e. 
Se

e H
ay

 (2
00

1, 
20

03
); 

H
ay

 an
d 

Ba
ay

en
 (2

00
2, 

20
05

).

A
 co

un
t w

as
 m

ad
e o

f a
ffi

x 
ty

pe
s w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y s
iz

e t
ha

t h
av

e b
as

ew
or

ds
 

or
 p

re
cu

rs
or

s w
ith

 a 
hi

gh
er

 fr
eq

ue
nc

y 
in

 th
e “

fa
m

ily
 g

en
re

” T
V

/m
ov

ie
s s

ub
tit

les
 

co
rp

us
.

de
co

m
po

se
d 

fo
rm

s –
 

ty
pe

s –
 p

ro
po

rt
io

n 
 

(M
et

ric
 1

0b
)

M
et

ric
 1

0a
 w

as
 d

iv
id

ed
 b

y 
th

e n
um

be
r o

f a
ffi

x 
ty

pe
s (

M
et

ric
 1

) w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e.

de
co

m
po

se
d 

fo
rm

s –
 

to
ke

ns
 –

 n
um

be
r 

 
(M

et
ric

 1
0c

)

Th
e n

um
be

r o
f a

ffi
x 

to
ke

ns
 fo

r e
ac

h 
affi

x 
ty

pe
 co

de
d 

in
 M

et
ric

 1
0a

 w
as

 fo
un

d.
 

Th
es

e a
ffi

x 
to

ke
n 

co
un

ts 
we

re
 th

en
 su

m
m

ed
.

de
co

m
po

se
d 

fo
rm

s –
  

to
ke

ns
 – 

pr
op

or
ti

on
 

(M
etr

ic 
10

d)

M
et

ric
 1

0c
 w

as
 d

iv
id

ed
 b

y 
th

e s
um

m
ed

 to
ta

l o
f t

he
 affi

x 
to

ke
ns

 w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e.

or
th

og
ra

ph
ic

 
tr

an
sp

ar
en

cy
, s

tr
ic

t, 
of

 
ba

se
w

or
d 

or
 p

re
cu

rs
or

 –
  

ty
pe

s –
 n

um
be

r 
 

(M
et

ric
 1

1a
)

A
n 

affi
x 

is 
m

or
e l

ik
el

y 
to

 b
e r

ec
og

ni
se

d 
as

 su
ch

 if
 th

e b
as

ew
or

d 
or

 p
re

cu
rs

or
 is

 o
rth

og
ra

ph
ica

lly
 tr

an
sp

ar
en

t i
n 

an
 affi

x 
ty

pe
. S

ee
 

Ja
rm

ul
ow

icz
 an

d 
Ta

ra
n 

(2
01

3)
.

A
 co

un
t w

as
 m

ad
e o

f a
ffi

x t
yp

es
 w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y s
iz

e f
or

 w
hi

ch
 th

e 
or

th
og

ra
ph

ic 
fo

rm
 o

f t
he

 b
as

ew
or

d 
or

 p
re

cu
rso

r i
s s

tri
ct

ly 
pr

es
er

ve
d 

in
 th

e a
ffi

x t
yp

e. 
Fo

r M
et

ric
s 1

1a
–d

, t
he

 b
as

ew
or

d/
pr

ec
ur

so
r h

ad
 to

 ap
pe

ar
 w

ith
in

 th
e m

or
ph

ol
og

ica
lly

 
co

m
pl

ex
 w

or
d 

wi
th

ou
t a

ny
 ch

an
ge

s i
n 

or
th

og
ra

ph
ic 

fo
rm

 (e
.g

., t
he

 b
as

ew
or

d 
com

for
t 

is 
str

ict
ly 

pr
es

er
ve

d 
in

 th
e a

ffi
x t

yp
e c

om
for

ta
ble

, b
ut

 th
is 

is 
no

t t
he

 ca
se

 fo
r t

he
 

ba
se

wo
rd

 te
rr

or
 in

 th
e a

ffi
x t

yp
e t

er
rib

le)
. I

n 
th

e c
as

e o
f w

or
ds

 in
 w

hi
ch

 a 
let

te
r i

s 
sh

ar
ed

 b
y t

he
 b

as
e a

nd
 an

 affi
x, 

it 
wa

s t
re

at
ed

 as
 b

ein
g 

pr
es

en
t i

n 
bo

th
 el

em
en

ts.
 F

or
 

ex
am

pl
e, 

th
e a

ffi
x t

yp
e d

riv
er 

co
nt

ain
s t

he
 su

ffi
x -

er,
 b

ut
 th

e e
 co

ul
d 

be
 co

ns
id

er
ed

 
pa

rt 
of

 th
e b

as
e a

s w
ell

 as
 th

e s
uffi

x. 
Si

nc
e t

he
 b

as
ew

or
d 

or
th

og
ra

ph
ic 

fo
rm

 is
 st

ill
 

pr
es

en
t, 

th
is 

wa
s c

od
ed

 as
 a 

ca
se

 o
f o

rth
og

ra
ph

ic 
tra

ns
pa

re
nc

y o
f t

he
 b

as
ew

or
d.
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M
et

ric
 n

am
e

R
at

io
na

le
M

et
ho

d

se
m

an
ti

c 
tr

an
sp

ar
en

cy
 –

 
to

ke
ns

 –
 n

um
be

r 
 

(M
et

ric
 7

c)

Th
e n

um
be

r o
f a

ffi
x 

to
ke

ns
 fo

r e
ac

h 
affi

x 
ty

pe
 co

de
d 

in
 M

et
ric

 7
a w

as
 fo

un
d.

 Th
es

e 
affi

x 
to

ke
n 

co
un

ts 
we

re
 th

en
 su

m
m

ed
.

se
m

an
ti

c 
tr

an
sp

ar
en

cy
 –

  
to

ke
ns

 –
 p

ro
po

rt
io

n 
 

(M
et

ric
 7

d)

M
et

ric
 7

c w
as

 d
iv

id
ed

 b
y 

th
e s

um
m

ed
 to

ta
l o

f t
he

 affi
x 

to
ke

ns
 w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e.

m
or

ph
ol

og
ic

al
 fa

m
il

y 
si

ze
 –

 t
yp

es
 –

 m
ea

n 
 

(M
et

ric
 8

a)

G
re

at
er

 m
or

ph
ol

og
ica

l f
am

ily
 si

ze
 in

cr
ea

se
s t

he
 li

ke
lih

oo
d 

of
 a 

wo
rd

 
be

in
g 

ac
ce

ss
ed

 vi
a d

ec
om

po
sit

io
n 

of
 it

s c
om

po
ne

nt
 p

ar
ts 

ra
th

er
 th

an
 

wh
ol

e w
or

d 
ac

ce
ss

. S
ee

 K
up

er
m

an
 an

d 
Va

n 
D

yk
e (

20
11

); 
Fo

rd
, D

av
is 

an
d 

M
ar

sle
n-

W
ils

on
 (2

01
0)

; B
er

tra
m

, B
aa

ye
n 

an
d 

Sc
hr

eu
de

r (
20

00
).

Th
is 

m
et

ric
 in

di
ca

te
s t

he
 av

er
ag

e s
iz

e o
f t

he
 m

or
ph

ol
og

ica
l w

or
d 

fa
m

ili
es

 o
f 

th
e a

ffi
x 

ty
pe

s w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e, 

ca
lcu

lat
ed

 ac
ro

ss
 th

e a
ffi

x 
ty

pe
s. 

Fo
r e

xa
m

pl
e, 

at
 th

e ~
10

00
 le

ve
l, 

fo
r t

he
 affi

x 
-a

tio
n,

 th
er

e a
re

 th
re

e a
ffi

x 
ty

pe
s: 

at
ten

tio
n,

 d
eci

sio
n 

an
d 

qu
est

ion
. A

t t
he

 ~
10

00
 le

ve
l, 

no
 o

th
er

 m
em

be
rs

 o
f t

he
 

at
ten

tio
n 

or
 q

ue
sti

on
 w

or
d 

fa
m

ili
es

 o
cc

ur
 an

d 
on

e o
th

er
 m

em
be

r (
de

cid
e) 

of
 th

e 
de

cis
ion

 fa
m

ily
 o

cc
ur

s. 
H

en
ce

, t
he

 w
or

d 
fa

m
ili

es
 fo

r t
he

se
 th

re
e a

ffi
x 

ty
pe

s a
t t

he
 

~1
00

0 
le

ve
l c

on
ta

in
 1

, 2
 an

d 
1 

m
em

be
r r

es
pe

ct
iv

el
y, 

gi
vi

ng
 an

 av
er

ag
e s

iz
e o

f 1
.3

3. 
M

or
ph

ol
og

ica
l f

am
ily

 m
em

be
rs

hi
p 

wa
s d

et
er

m
in

ed
 b

as
ed

 o
n 

th
e s

up
pl

em
en

ta
ry

 
da

ta
 p

ro
vi

de
d 

wi
th

 B
ry

sb
ae

rt 
et

 al
. (

20
16

). 
Th

e 1
1,

00
0 

lem
m

as
 in

 o
ur

 w
or

d 
lis

t 
we

re
 m

at
ch

ed
 to

 m
or

ph
ol

og
ica

l f
am

ily
 h

ea
dw

or
ds

 fr
om

 th
e B

ry
sb

ae
rt 

et
 al

. l
ist

. 
Be

ca
us

e t
he

 B
ry

sb
ae

rt 
et

 al
. l

ist
 is

 b
as

ed
 o

n 
or

th
og

ra
ph

ic 
fo

rm
 o

nl
y 

(i.
e.,

 it
 d

oe
s 

no
t t

ak
e a

cc
ou

nt
 o

f p
ar

t o
f s

pe
ec

h)
, m

an
ua

l c
or

re
ct

io
ns

 w
er

e m
ad

e t
o 

ac
co

un
t 

fo
r h

om
og

ra
ph

s i
n 

th
e l

em
m

a l
ist

. F
or

 ex
am

pl
e, 

th
e w

or
d 

m
in

e a
pp

ea
rs

 in
 th

e 
Br

ys
ba

er
t e

t a
l. 

lis
t a

s a
 m

em
be

r o
f t

he
 p

er
so

na
l p

ro
no

un
 I 

fa
m

ily
. Th

is 
wa

s 
m

an
ua

lly
 co

rre
ct

ed
 su

ch
 th

at
 th

e p
os

se
ss

iv
e p

ro
no

un
 m

in
e w

as
 in

clu
de

d 
in

 th
e I

 
fa

m
ily

 an
d 

th
e c

om
m

on
 n

ou
n 

m
in

e i
n 

th
e s

am
e f

am
ily

 as
 th

e v
er

b 
m

in
e a

nd
 th

e 
no

un
s m

in
er

 an
d 

m
in

in
g.

m
or

ph
ol

og
ic

al
 fa

m
il

y 
si

ze
 –

 t
ok

en
s –

 m
ea

n 
(M

et
ric

 8
b)

Th
is 

m
et

ric
 in

di
ca

te
s t

he
 av

er
ag

e o
f t

he
 su

m
m

ed
 fr

eq
ue

nc
ie

s o
f e

ac
h 

affi
x 

ty
pe

’s 
wo

rd
 fa

m
ily

 m
em

be
rs

 w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e.

ja
pa

ne
se

 l
oa

nw
or

ds
 –

  
ty

pe
s –

 n
um

be
r 

 
(M

et
ric

 9
a)

Si
nc

e l
oa

nw
or

d 
sta

tu
s i

nfl
ue

nc
es

 w
or

d 
di

ffi
cu

lty
 (L

au
fe

r &
 M

cL
ea

n,
 

20
16

; R
og

er
s, 

W
eb

b 
&

 N
ak

at
a, 

20
15

; W
ill

is 
&

 O
ha

sh
i, 

20
12

), 
an

 affi
x 

fo
r w

hi
ch

 th
er

e a
re

 m
or

e l
oa

nw
or

ds
 m

ay
 b

e e
as

ie
r t

o 
lea

rn
.

A
 co

un
t w

as
 m

ad
e o

f a
ffi

x 
ty

pe
s w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e t
ha

t a
re

 lo
an

wo
rd

s 
in

 Ja
pa

ne
se

. L
oa

nw
or

d 
sta

tu
s w

as
 d

et
er

m
in

ed
 fo

llo
wi

ng
 th

e p
ro

ce
du

re
 o

ut
lin

ed
 

in
 A

lle
n 

(2
02

0)
. A

 w
or

d 
lis

t d
er

iv
ed

 fr
om

 th
e B

ala
nc

ed
 C

on
te

m
po

ra
ry

 C
or

pu
s o

f 
W

rit
te

n 
Ja

pa
ne

se
 (n

in
jal

.ac
.jp

) p
ro

vi
de

d 
a l

ist
 o

f p
ot

en
tia

l l
oa

nw
or

ds
, a

nd
 w

or
ds

 
th

at
 ap

pe
ar

ed
 in

 th
e c

or
pu

s w
ith

 a 
fre

qu
en

cy
 >

1 
pe

r m
ill

io
n 

to
ke

ns
 w

er
e c

od
ed

 as
 

lo
an

wo
rd

s.

ja
pa

ne
se

 l
oa

nw
or

ds
 –

  
ty

pe
s –

 p
ro

po
rt

io
n 

(M
et

ric
 9

b)

M
et

ric
 9

a w
as

 d
iv

id
ed

 b
y 

th
e n

um
be

r o
f a

ffi
x 

ty
pe

s (
M

et
ric

 1
) w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e.

ja
pa

ne
se

 l
oa

nw
or

ds
 –

 
to

ke
ns

 –
 n

um
be

r 
 

(M
et

ric
 9

c)

Th
e n

um
be

r o
f a

ffi
x 

to
ke

ns
 fo

r e
ac

h 
affi

x 
ty

pe
 co

de
d 

in
 M

et
ric

 9
a w

as
 fo

un
d.

 Th
es

e 
affi

x 
to

ke
n 

co
un

ts 
we

re
 th

en
 su

m
m

ed
.

ja
pa

ne
se

 l
oa

nw
or

ds
 –

  
to

ke
ns

 –
 p

ro
po

rt
io

n 
 

(M
et

ric
 9

d)

M
et

ric
 9

c w
as

 d
iv

id
ed

 b
y 

th
e s

um
m

ed
 to

ta
l o

f t
he

 affi
x 

to
ke

ns
 w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e.

de
co

m
po

se
d 

fo
rm

s –
  

ty
pe

s –
 n

um
be

r 
(M

et
ric

 1
0a

)
A

n 
affi

x 
ty

pe
 m

or
e f

re
qu

en
t t

ha
n 

its
 b

as
ew

or
d 

or
 p

re
cu

rs
or

 is
 m

or
e l

ik
el

y 
to

 h
av

e a
n 

in
de

pe
nd

en
t r

ep
re

se
nt

at
io

n,
 to

 b
e s

em
an

tic
all

y 
op

aq
ue

 an
d 

to
 b

e n
on

-d
ec

om
po

sa
bl

e. 
C

on
ve

rs
el

y, 
an

 affi
x 

ty
pe

 le
ss

 fr
eq

ue
nt

 th
an

 it
s 

ba
se

wo
rd

 o
r p

re
cu

rs
or

 is
 m

or
e l

ik
el

y 
to

 b
e s

em
an

tic
all

y 
tra

ns
pa

re
nt

 an
d 

de
co

m
po

sa
bl

e. 
Se

e H
ay

 (2
00

1, 
20

03
); 

H
ay

 an
d 

Ba
ay

en
 (2

00
2, 

20
05

).

A
 co

un
t w

as
 m

ad
e o

f a
ffi

x 
ty

pe
s w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y s
iz

e t
ha

t h
av

e b
as

ew
or

ds
 

or
 p

re
cu

rs
or

s w
ith

 a 
hi

gh
er

 fr
eq

ue
nc

y 
in

 th
e “

fa
m

ily
 g

en
re

” T
V

/m
ov

ie
s s

ub
tit

les
 

co
rp

us
.

de
co

m
po

se
d 

fo
rm

s –
 

ty
pe

s –
 p

ro
po

rt
io

n 
 

(M
et

ric
 1

0b
)

M
et

ric
 1

0a
 w

as
 d

iv
id

ed
 b

y 
th

e n
um

be
r o

f a
ffi

x 
ty

pe
s (

M
et

ric
 1

) w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e.

de
co

m
po

se
d 

fo
rm

s –
 

to
ke

ns
 –

 n
um

be
r 

 
(M

et
ric

 1
0c

)

Th
e n

um
be

r o
f a

ffi
x 

to
ke

ns
 fo

r e
ac

h 
affi

x 
ty

pe
 co

de
d 

in
 M

et
ric

 1
0a

 w
as

 fo
un

d.
 

Th
es

e a
ffi

x 
to

ke
n 

co
un

ts 
we

re
 th

en
 su

m
m

ed
.

de
co

m
po

se
d 

fo
rm

s –
  

to
ke

ns
 – 

pr
op

or
ti

on
 

(M
etr

ic 
10

d)

M
et

ric
 1

0c
 w

as
 d

iv
id

ed
 b

y 
th

e s
um

m
ed

 to
ta

l o
f t

he
 affi

x 
to

ke
ns

 w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e.

or
th

og
ra

ph
ic

 
tr

an
sp

ar
en

cy
, s

tr
ic

t, 
of

 
ba

se
w

or
d 

or
 p

re
cu

rs
or

 –
  

ty
pe

s –
 n

um
be

r 
 

(M
et

ric
 1

1a
)

A
n 

affi
x 

is 
m

or
e l

ik
el

y 
to

 b
e r

ec
og

ni
se

d 
as

 su
ch

 if
 th

e b
as

ew
or

d 
or

 p
re

cu
rs

or
 is

 o
rth

og
ra

ph
ica

lly
 tr

an
sp

ar
en

t i
n 

an
 affi

x 
ty

pe
. S

ee
 

Ja
rm

ul
ow

icz
 an

d 
Ta

ra
n 

(2
01

3)
.

A
 co

un
t w

as
 m

ad
e o

f a
ffi

x t
yp

es
 w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y s
iz

e f
or

 w
hi

ch
 th

e 
or

th
og

ra
ph

ic 
fo

rm
 o

f t
he

 b
as

ew
or

d 
or

 p
re

cu
rso

r i
s s

tri
ct

ly 
pr

es
er

ve
d 

in
 th

e a
ffi

x t
yp

e. 
Fo

r M
et

ric
s 1

1a
–d

, t
he

 b
as

ew
or

d/
pr

ec
ur

so
r h

ad
 to

 ap
pe

ar
 w

ith
in

 th
e m

or
ph

ol
og

ica
lly

 
co

m
pl

ex
 w

or
d 

wi
th

ou
t a

ny
 ch

an
ge

s i
n 

or
th

og
ra

ph
ic 

fo
rm

 (e
.g

., t
he

 b
as

ew
or

d 
com
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, b
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e b
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r p

re
cu

rs
or

’s 
ph

on
ol

og
ica

l f
or

m
 is

 p
re

se
rv

ed
 in

 th
e a

ffi
x 

ty
pe

. 
Fo

r e
xa

m
pl

e, 
th

e w
or

d 
ter

rib
le 

ha
s t

he
 p
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b
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e f
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 b
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e p
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ra
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l r
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 C
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 p
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nc
y. 

ph
on

ol
og

ic
al

 
tr

an
sp

ar
en

cy
 o

f 
ba

se
w

or
d 

or
 p

re
cu

rs
or

 –
  

ty
pe

s –
 p

ro
po

rt
io

n 
 

(M
et

ric
 1

3b
)

M
et

ric
 1

3a
 w

as
 d

iv
id

ed
 b

y 
th

e n
um

be
r o

f a
ffi

x 
ty

pe
s (

M
et

ric
 1

) w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e.

ph
on

ol
og

ic
al

 
tr

an
sp

ar
en

cy
 o

f 
ba

se
w

or
d 

or
 p

re
cu

rs
or

 –
  

to
ke

ns
 –

 n
um

be
r 

 
(M

et
ric

 1
3c

)

Th
e n

um
be

r o
f a

ffi
x 

to
ke

ns
 fo

r e
ac

h 
affi

x 
ty

pe
 co

de
d 

in
 M

et
ric

 1
3a

 w
as

 fo
un

d.
 

Th
es

e a
ffi

x 
to

ke
n 

co
un

ts 
we

re
 th

en
 su

m
m

ed
.

ph
on

ol
og

ic
al

 
tr

an
sp

ar
en

cy
 o

f 
ba

se
w

or
d 

or
 p

re
cu

rs
or

 –
  

to
ke

ns
 –

 p
ro

po
rt

io
n 

 
(M

et
ric

 1
3d

)

M
et

ric
 1

3c
 w

as
 d

iv
id

ed
 b

y 
th

e s
um

m
ed

 to
ta

l o
f t

he
 affi

x 
to

ke
ns

 w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e.

ph
on

ol
og

ic
al

 
tr

an
sp

ar
en

cy
 o

f 
af

fi
x 

– 
ty

pe
s –

 n
um

be
r 

 
(M

et
ric

 1
4a

)

A
n 

affi
x 

is 
m

or
e l

ik
el

y 
to

 b
e r

ec
og

ni
se

d 
as

 su
ch

 if
 it

 te
nd

s t
o 

be
 

ph
on

ol
og

ica
lly

 tr
an

sp
ar

en
t. 

Se
e J

ar
m

ul
ow

icz
 an

d 
Ta

ra
n 

(2
01

3)
.

A
 co

un
t w

as
 m

ad
e o

f a
ffi

x 
ty

pe
s w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e i
n 

wh
ich

 th
e a

ffi
x 

is 
in

 it
s c

an
on

ica
l p

ho
no

lo
gi

ca
l f

or
m

. F
or

 ex
am

pl
e, 

th
e c

an
on

ica
l p

ho
no

lo
gi

ca
l 

fo
rm

 o
f t

he
 su

ffi
x 

-a
tio

n 
wa

s t
ak

en
 as

 e
ɪ
ʃ
ə
n

. Th
e w

or
ds

 co
nv

er
sa

tio
n 

an
d 

op
in

ion
 

we
re

 p
ho

no
lo

gi
ca

lly
 re

nd
er

ed
 as

 k
ɒ
n
v
ə
ˈ
s
e
ɪ
ʃ
ə
n

 an
d 
ə
ˈ
p
ɪ
n
j
ə
n

. S
in

ce
 th

e 
ph

on
ol

og
ica

l f
or

m
 o

f t
he

 affi
x 

is 
pr

es
en

t i
n 

th
e r

en
de

rin
g 

of
 co

nv
er

sa
tio

n,
 it

 w
as

 
co

de
d 

as
 a 

ca
se

 o
f p

ho
no

lo
gi

ca
l t

ra
ns

pa
re

nc
y 

of
 th

e a
ffi

x. 
In

 th
e c

as
e o

f o
pi

ni
on

, 
th

e c
an

on
ica

l a
ffi

x 
fo

rm
 is

 n
ot

 p
re

se
nt

, s
o 

th
is 

wa
s c

od
ed

 as
 n

ot
 b

ei
ng

 a 
ca

se
 o

f 
ph

on
ol

og
ica

l t
ra

ns
pa

re
nc

y 
of

 th
e a

ffi
x. 

Ph
on

ol
og

ica
l t

ra
ns

cr
ip

tio
ns

 o
f w

or
ds

 w
er

e 
ob

ta
in

ed
 fr

om
 th

e M
RC

 P
sy

ch
ol

in
gu

ist
ic 

D
at

ab
as

e (
se

e M
et

ric
 1

3a
).

ph
on

ol
og

ic
al

 
tr

an
sp

ar
en

cy
 o

f 
af

fi
x 

– 
ty

pe
s –

 p
ro

po
rt

io
n 

 
(M

et
ric

 1
4b

)

M
et

ric
 1

4a
 w

as
 d

iv
id

ed
 b

y 
th

e n
um

be
r o

f a
ffi

x 
ty

pe
s (

M
et

ric
 1

) w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e.

ph
on

ol
og

ic
al

 
tr

an
sp

ar
en

cy
 o

f 
af

fi
x 

– 
to

ke
ns

 –
 n

um
be

r 
 

(M
et

ric
 1

4c
)

Th
e n

um
be

r o
f a

ffi
x 

to
ke

ns
 fo

r e
ac

h 
affi

x 
ty

pe
 co

de
d 

in
 M

et
ric

 1
4a

 w
as

 fo
un

d.
 

Th
es

e a
ffi

x 
to

ke
n 

co
un

ts 
we

re
 th

en
 su

m
m

ed
.

ph
on

ol
og

ic
al

 
tr

an
sp

ar
en

cy
 o

f 
af

fi
x 

– 
to

ke
ns

 –
 p

ro
po

rt
io

n 
 

(M
et

ric
 1

4d
)

M
et

ric
 1

4c
 w

as
 d

iv
id

ed
 b

y 
th

e s
um

m
ed

 to
ta

l o
f t

he
 affi

x 
to

ke
ns

 w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e.

af
fi

x 
so

no
ri

ty
 –

  
ty

pe
s –

 m
ea

n 
 

(M
et

ric
 1

5a
)

R
es

ea
rc

h 
on

 in
fle

ct
io

na
l m

or
ph

ol
og

y 
ha

s s
ug

ge
ste

d 
th

at
 p

er
ce

pt
ua

l 
sa

lie
nc

e m
ay

 b
e a

 fa
ct

or
 in

 ac
qu

isi
tio

n 
an

d 
th

e s
on

or
ity

 o
f a

n 
affi

x 
ha

s b
ee

n 
pu

t f
or

wa
rd
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 o

ne
 as

pe
ct

 o
f p

er
ce

pt
ua

l s
ali

en
ce

. S
ee

 
G

ol
ds

ch
ne

id
er

 an
d 

D
eK

ey
se

r (
20

01
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Th
e a

ve
ra

ge
 so

no
rit

y 
of

 th
e a

ffi
x 

ac
ro

ss
 th

e a
ffi

x 
ty

pe
s w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e w
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 ca
lcu

lat
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. A
ffi

x 
so

no
rit

y 
wa

s c
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 G

ol
ds

ch
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id
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an
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D

eK
ey

se
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1)
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 m
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ta
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e s
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”. 
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is 

ap
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h 
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e i
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rit

y 
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y 
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 b
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n 
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m
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:
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w 
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 p
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s 

M
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 p
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G
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 p
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s 
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id

s: 
5 

po
in
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 p
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s 
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 p
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s 

A
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t
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h 
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x 
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no
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y 
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e a
ffi

x 
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s c
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ul
at

ed
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y 
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ng
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e p
oi

nt
s 
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r e
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h 

of
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s p
ho

ne
m

es
. F
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 ex

am
pl

e, 
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 th
e a

ffi
x 

ty
pe

 p
os

sib
le,

 th
e a

ffi
x 

-a
bl

e 
ha

s t
he

 p
ho

ne
m

es
 ə

 sc
or

in
g 

8 
po

in
ts,

 b
 sc

or
in

g 
1 

po
in

t a
nd

 l
 sc

or
in

g 
5 

po
in

ts,
 

pr
od

uc
in

g 
a s

on
or

ity
 o

f 1
4.

(C
on

tin
ue

d)
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M

et
ric

 n
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e
R

at
io
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M
et

ho
d

af
fi

x 
so

no
ri

ty
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to

ke
ns
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 m

ea
n 

 
(M

et
ric

 1
5b

)

Th
e a

ve
ra

ge
 so

no
rit

y 
of

 th
e a

ffi
x 

ac
ro

ss
 th

e a
ffi

x 
to

ke
ns

 w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e w

as
 ca

lcu
lat

ed
.

lo
w

 p
ro

ba
bi

li
ty

 
ph

on
ot

ac
ti

cs
, w

it
hi

n-
w

or
d 

– 
ty

pe
s –

 m
ea

n 
 

(M
et

ric
 1

6a
)

Lo
w 

pr
ob

ab
ili

ty
 p

ho
no

ta
ct

ics
 is

 o
ne

 w
ay

 w
e d

et
er

m
in

e m
or

ph
em

e 
bo

un
da

rie
s i

n 
th

e s
tre

am
 o

f s
pe

ec
h.

 Th
us

, a
ffi

xe
s r

ep
re

se
nt

ed
 b

y 
m

or
e 

wo
rd

s w
ith

in
 w

hi
ch

 th
er

e a
re

 lo
w 

pr
ob

ab
ili

ty
 p

ho
no

ta
ct

ics
 at

 th
e a

ffi
x 

bo
un

da
ry

 ar
e m

or
e l

ik
el

y 
to

 b
e s

eg
m

en
ta

bl
e, 

an
d 

th
er

eb
y 

to
 d

ev
elo

p 
str

on
ge

r i
nd

ep
en

de
nt

 re
pr

es
en

ta
tio

ns
. S

ee
 H

ay
 (2

00
3)

; H
ay

 an
d 

Ba
ay

en
 

(2
00

5)
.

Th
e a

ve
ra

ge
 p

ro
ba

bi
lit

y 
of

 th
e a

ffi
x 

bo
un

da
ry

 p
ho

no
ta

ct
ics

 w
as

 ca
lcu

lat
ed

, b
as

ed
 

on
 w

ith
in

-w
or

d 
sy

lla
bl

e b
ou

nd
ar

ie
s w

ith
in

 th
e m

on
om

or
ph

em
ic 

ty
pe

s w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e. 

Ph
on

ol
og

ica
l t

ra
ns

cr
ip

tio
ns

 o
f w

or
ds

 w
er

e o
bt

ai
ne

d 
fro

m
 th

e 
M

RC
 P

sy
ch

ol
in

gu
ist

ic 
D

at
ab

as
e (

se
e M

et
ric

 1
3a

). 
U

sin
g 

th
e M

or
ph

oL
ex

 d
at

ab
as

e 
(S

án
ch

ez
-G

ut
ié

rre
z e

t a
l.,

 2
01

8)
, a

ll 
m

on
om

or
ph

em
ic 

fo
rm

s w
ith

in
 th

e 1
1,

00
0 

m
os

t f
re

qu
en

t l
em

m
as

 in
 th

e “
fa

m
ily

 g
en

re
” T

V
/m

ov
ie

s s
ub

tit
les

 co
rp

us
 w

er
e 

id
en

tifi
ed

. F
or

 ea
ch

 o
f t

he
se

 fo
rm

s, 
th

e o
ns

et
 an

d 
co

da
 p

ho
ne

m
es

 w
er

e i
de

nt
ifi

ed
 

fo
r e

ac
h 

sy
lla

bl
e. 

Th
e p

ro
ba

bi
lit

ie
s o

f e
ac

h 
co

da
–o

ns
et

 co
m

bi
na

tio
n 

oc
cu

rr
in

g 
at

 
sy

lla
bl

e b
ou

nd
ar

ie
s w

ith
in

 m
on

om
or

ph
em

ic 
wo

rd
s f

or
 ea

ch
 vo

ca
bu

lar
y 

siz
e w

er
e 

ca
lcu

lat
ed

 b
as

ed
 o

n 
lem

m
a t

yp
e c

ou
nt

s. 
Th

e c
od

a–
on

se
t p

ai
r a

t t
he

 affi
x 

bo
un

da
ry

 
in

 ea
ch

 affi
xe

d 
fo

rm
 w

as
 th

en
 id

en
tifi

ed
. Th

e m
ea

n 
pr

ob
ab

ili
ty

 (a
cr

os
s a

ffi
x 

ty
pe

s) 
of

 affi
x 

bo
un

da
ry

 co
da

–o
ns

et
 p

ai
rs

 ap
pe

ar
in

g 
wi

th
in

 m
on

om
or

ph
em

ic 
wo

rd
s a

t 
ea

ch
 vo

ca
bu

lar
y 

siz
e w

as
 th

en
 ca

lcu
lat

ed
.

lo
w

 p
ro

ba
bi

li
ty

 
ph

on
ot

ac
ti

cs
, b

et
w

ee
n-

w
or

d 
– 

ty
pe

s –
 m

ea
n 

 
(M

et
ric

 1
6b

)

Th
e a

ve
ra

ge
 p

ro
ba

bi
lit

y 
of

 th
e a

ffi
x 

bo
un

da
ry

 p
ho

no
ta

ct
ics

 w
as

 ca
lcu

lat
ed

, b
as

ed
 

on
 b

et
we

en
-w

or
d 

bo
un

da
rie

s w
ith

in
 th

e m
on

om
or

ph
em

ic 
ty

pe
s w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e. 
Ph

on
ol

og
ica

l t
ra

ns
cr

ip
tio

ns
 o

f w
or

ds
 w

er
e o

bt
ai

ne
d 

fro
m

 th
e 

M
RC

 P
sy

ch
ol

in
gu

ist
ic 

D
at

ab
as

e (
se

e M
et

ric
 1

3a
). 

U
sin

g 
th

e M
or

ph
oL

ex
 d

at
ab

as
e 

(S
án

ch
ez

-G
ut

ié
rre

z e
t a

l.,
 2

01
8)

, a
ll 

m
on

om
or

ph
em

ic 
fo

rm
s w

ith
in

 th
e 1

1,
00

0 
m

os
t f

re
qu

en
t l

em
m

as
 in

 th
e “

fa
m

ily
 g

en
re

” T
V

/m
ov

ie
s s

ub
tit

les
 co

rp
us

 w
er

e 
id

en
tifi

ed
. F

or
 ea

ch
 o

f t
he

se
 fo

rm
s, 

th
e o

ns
et

 an
d 

co
da

 p
ho

ne
m

es
 w

er
e i

de
nt

ifi
ed

 
fo

r e
ac

h 
sy

lla
bl

e. 
Th

e p
ro

ba
bi

lit
ie

s o
f e

ac
h 

co
da

–o
ns

et
 co

m
bi

na
tio

n 
oc

cu
rr

in
g 

be
tw

ee
n 

m
on

om
or

ph
em

ic 
wo

rd
s f

or
 ea

ch
 vo

ca
bu

lar
y 

siz
e w

er
e c

alc
ul

at
ed

 b
as

ed
 o

n 
lem

m
a t

yp
e c

ou
nt

s. 
Th

e c
od

a–
on

se
t p

ai
r a

t t
he

 affi
x 

bo
un

da
ry

 in
 ea

ch
 affi

xe
d 

fo
rm

 
wa

s t
he

n 
id

en
tifi

ed
. Th

e m
ea

n 
pr

ob
ab

ili
ty

 (a
cr

os
s a

ffi
x 

ty
pe

s) 
of

 affi
x 

bo
un

da
ry

 
co

da
–o

ns
et

 p
ai

rs
 ap

pe
ar

in
g 

be
tw

ee
n 

m
on

om
or

ph
em

ic 
wo

rd
s a

t e
ac

h 
vo

ca
bu

lar
y 

siz
e w

as
 th

en
 ca

lcu
lat

ed
.

lo
w

 p
ro

ba
bi

li
ty

 
ph

on
ot

ac
ti

cs
, w

it
hi

n-
w

or
d 

– 
to

ke
ns

 –
 m

ea
n 

(M
et

ric
 1

6c
)

Th
e a

ve
ra

ge
 p

ro
ba

bi
lit

y 
of

 th
e a

ffi
x 

bo
un

da
ry

 p
ho

no
ta

ct
ics

 w
as

 ca
lcu

lat
ed

, b
as

ed
 

on
 w

ith
in

-w
or

d 
sy

lla
bl

e b
ou

nd
ar

ie
s f

or
 th

e m
on

om
or

ph
em

ic 
to

ke
ns

 w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e. 

Ph
on

ol
og

ica
l t

ra
ns

cr
ip

tio
ns

 o
f w

or
ds

 w
er

e o
bt

ai
ne

d 
fro

m
 th

e 
M

RC
 P

sy
ch

ol
in

gu
ist

ic 
D

at
ab

as
e (

se
e M

et
ric

 1
3a

). 
U

sin
g 

th
e M

or
ph

oL
ex

 d
at

ab
as

e 
(S

án
ch

ez
-G

ut
ié

rre
z e

t a
l.,

 2
01

8)
, a

ll 
m

on
om

or
ph

em
ic 

fo
rm

s w
ith

in
 th

e 1
1,

00
0 

m
os

t f
re

qu
en

t l
em

m
as

 in
 th

e “
fa

m
ily

 g
en

re
” T

V
/m

ov
ie

s s
ub

tit
les

 co
rp

us
 w

er
e 

id
en

tifi
ed

. F
or

 ea
ch

 o
f t

he
se

 fo
rm

s, 
th

e o
ns

et
 an

d 
co

da
 p

ho
ne

m
es

 w
er

e i
de

nt
ifi

ed
 

fo
r e

ac
h 

sy
lla

bl
e. 

Th
e p

ro
ba

bi
lit

ie
s o

f e
ac

h 
co

da
–o

ns
et

 co
m

bi
na

tio
n 

oc
cu

rr
in

g 
at

 
sy

lla
bl

e b
ou

nd
ar

ie
s w

ith
in

 m
on

om
or

ph
em

ic 
wo

rd
s f

or
 ea

ch
 vo

ca
bu

lar
y 

siz
e w

er
e 

ca
lcu

lat
ed

 b
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ed
 o

n 
to

ke
n 

co
un

ts.
 Th

e c
od

a–
on

se
t p

ai
r a

t t
he

 affi
x 

bo
un

da
ry

 in
 

ea
ch

 affi
xe

d 
fo

rm
 w

as
 th

en
 id

en
tifi

ed
. Th

e m
ea

n 
pr

ob
ab

ili
ty

 (a
cr
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th
e M

or
ph

oL
ex

 d
at

ab
as

e 
(S

án
ch

ez
-G

ut
iér

re
z e

t a
l., 

20
18

), 
all

 m
on

om
or

ph
em

ic 
fo

rm
s w

ith
in

 th
e 1

1,
00

0 
m

os
t 

fre
qu

en
t l

em
m

as
 in

 th
e “

fa
m

ily
 g

en
re

” T
V/

m
ov

ies
 su

bt
itl

es
 co

rp
us

 w
er

e i
de

nt
ifi

ed
. F

or
 

ea
ch

 o
f t

he
se

 fo
rm

s, 
th

e o
ns

et
 an

d 
co

da
 p

ho
ne

m
es

 w
er

e i
de

nt
ifi

ed
 fo

r e
ac

h 
sy

lla
bl

e. 
Th

e p
ro

ba
bi

lit
ies

 o
f e

ac
h 

co
da

–o
ns

et
 co

m
bi

na
tio

n 
oc

cu
rri

ng
 b

et
we

en
 m

on
om

or
ph

em
ic 

wo
rd

s f
or

 ea
ch

 vo
ca

bu
lar

y 
siz

e w
er

e c
alc

ul
at

ed
 b

as
ed

 o
n 

to
ke

n 
co

un
ts.

 Th
e c

od
a–

on
se

t p
ai

r a
t t

he
 affi

x 
bo

un
da

ry
 in

 ea
ch

 affi
xe

d 
fo

rm
 w

as
 th

en
 id

en
tifi

ed
. Th

e 
m

ea
n 

pr
ob

ab
ili

ty
 (a

cr
os

s a
ffi

x t
ok

en
s) 

of
 affi

x b
ou

nd
ar

y c
od

a–
on

se
t p

air
s a

pp
ea

rin
g 

be
tw

ee
n 

m
on

om
or

ph
em

ic 
wo

rd
s a

t e
ac

h 
vo

ca
bu

lar
y s

iz
e w

as
 th

en
 ca

lcu
lat

ed
.

fo
rw

ar
ds

 t
ra

ns
it

io
na

l 
pr

ob
ab

il
it

y 
of

 b
as

e–
af

fi
x 

bo
un

da
ry

 –
 t

yp
es

  
(M

et
ric

 1
6e

)

Tr
an

sit
io

na
l p

ro
ba

bi
lit

ie
s i

nd
ica

te
 th

e l
ik

eli
ho

od
 o

f o
ne

 e
ve

nt
 g

iv
en

 
an

ot
he

r e
ve

nt
. Th

ey
 ca

n 
be

 fo
rw

ar
ds

 (t
he

 li
ke

lih
oo

d 
of

 B
 g

iv
en

 A
) o

r 
ba

ck
wa

rd
s (

th
e l

ik
eli

ho
od

 o
f A

 g
iv

en
 B

). 
Lo

w 
tra

ns
iti

on
al 

pr
ob

ab
ili

tie
s 

be
tw

ee
n 

so
un

ds
 ar

e t
ho

ug
ht

 to
 ac

t a
s m

ar
ke

rs
 o

f w
or

d/
m

or
ph

em
e 

bo
un

da
rie

s, 
an

d 
th

us
 m

ay
 h

elp
 in

 id
en

tif
yi

ng
 affi

xe
s a

s s
uc

h.
 It

 h
as

 
als

o 
be

en
 fo

un
d 

th
at

 affi
xe

s w
hi

ch
 h

av
e r

ela
tiv

el
y 

lo
w 

tra
ns

iti
on

al 
pr

ob
ab

ili
tie

s a
re

 li
ke

ly
 to

 b
e m

or
e h

ig
hl

y 
se

gm
en

ta
bl

e, 
to

 d
ev

elo
p 

str
on

ge
r i

nd
ep

en
de

nt
 re

pr
es

en
ta

tio
ns

, a
nd

 to
 b

e m
or

e p
ro

du
ct

iv
e. 

Se
e 

Pe
lu

cc
hi

, H
ay

 an
d 

Sa
ffr

an
 (2

00
9)

; S
aff

ra
n,

 A
sli

n 
an

d 
N

ew
po

rt 
(1

99
6)

; 
Sa

ffr
an

, N
ew

po
rt 

an
d 

A
sli

n 
(1

99
6)

.

Th
e a

ve
ra

ge
 fo

rw
ar

ds
 tr

an
sit

io
na

l p
ro

ba
bi

lit
y 

fo
r t

he
 p

ho
ne

m
e c

om
bi

na
tio

ns
 at

 th
e 

ba
se

–a
ffi

x 
bo

un
da

ry
 ac

ro
ss

 th
e a

ffi
x 

ty
pe

s w
as

 ca
lcu

lat
ed

, b
as

ed
 o

n 
th

e t
ra

ns
iti

on
al 

pr
ob

ab
ili

tie
s o

f p
ho

ne
m

e c
om

bi
na

tio
ns

 w
ith

in
 th

e m
on

om
or

ph
em

ic 
ty

pe
s w

ith
in

 
a g

iv
en

 vo
ca

bu
lar

y 
siz

e. 
Ph

on
ol

og
ica

l t
ra

ns
cr

ip
tio

ns
 o

f w
or

ds
 w

er
e o

bt
ai

ne
d 

fro
m

 
th

e M
RC

 P
sy

ch
ol

in
gu

ist
ic 

D
at

ab
as

e (
se

e M
et

ric
 1

3a
). 

Th
e f

or
wa

rd
s p

ro
ba

bi
lit

ie
s 

of
 ea

ch
 co

m
bi

na
tio

n 
of

 p
ho

ne
m

e p
ai

rs
 ap

pe
ar

in
g 

in
 th

e fi
rs

t 1
1,

00
0 

lem
m

as
 o

f t
he

 
co

rp
us

 w
er

e c
alc

ul
at

ed
 at

 ea
ch

 vo
ca

bu
lar

y 
siz

e (
ba

se
d 

on
 ty

pe
 co

un
ts)

.  
Fo

r e
ac

h 
affi

xe
d 

fo
rm

, t
he

 p
ho

ne
m

e p
ai

r a
t t

he
 b

ou
nd

ar
y 

be
tw

ee
n 

th
e a

ffi
x 

an
d 

th
e r

es
t o

f 
th

e w
or

d 
wa

s i
de

nt
ifi

ed
, a

nd
 th

e p
ro

ba
bi

lit
y 

of
 th

at
 p

ai
r a

t t
he

 g
iv

en
 vo

ca
bu

lar
y 

siz
e c

he
ck

ed
. Th

e m
ea

n 
pr

ob
ab

ili
ty

 ac
ro

ss
 al

l a
ffi

x 
ty

pe
s w

as
 th

en
 ca

lcu
lat

ed
.

(C
on

tin
ue

d)
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M

et
ric

 n
am

e
R

at
io

na
le

M
et

ho
d

ba
ck

wa
rd

s t
ra

ns
it

io
na

l 
pr

ob
ab

il
it

y 
of

 b
as

e–
af

fi
x 

bo
un

da
ry

 –
 t

yp
es

  
(M

et
ric

 1
6f

)

Th
e a

ve
ra

ge
 b

ac
kw

ar
ds

 tr
an

sit
io

na
l p

ro
ba

bi
lit

y 
fo

r t
he

 p
ho

ne
m

e c
om

bi
na

tio
ns

 
at

 th
e b

as
e–

affi
x 

bo
un

da
ry

 ac
ro

ss
 th

e a
ffi

x 
ty

pe
s w

as
 ca

lcu
lat

ed
, b

as
ed

 o
n 

th
e 

tra
ns

iti
on

al 
pr

ob
ab

ili
tie

s o
f p

ho
ne

m
e c

om
bi

na
tio

ns
 w

ith
in

 th
e m

on
om

or
ph

em
ic 

ty
pe

s w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e. 

Ph
on

ol
og

ica
l t

ra
ns

cr
ip

tio
ns

 o
f w

or
ds

 
we

re
 o

bt
ai

ne
d 

fro
m

 th
e M

RC
 P

sy
ch

ol
in

gu
ist

ic 
D

at
ab

as
e (

se
e M

et
ric

 1
3a

). 
Th

e 
ba

ck
wa

rd
s p

ro
ba

bi
lit

ie
s o

f e
ac

h 
co

m
bi

na
tio

n 
of

 p
ho

ne
m

e p
ai

rs
 ap

pe
ar

in
g 

in
 th

e 
fir

st 
11

,0
00

 le
m

m
as

 o
f t

he
 co

rp
us

 w
er

e c
alc

ul
at

ed
 at

 ea
ch

 vo
ca

bu
lar

y 
siz

e (
ba

se
d 

on
 ty

pe
 co

un
ts)

. F
or

 ea
ch

 affi
xe

d 
fo

rm
, t

he
 p

ho
ne

m
e p

ai
r a

t t
he

 b
ou

nd
ar

y 
be

tw
ee

n 
th

e a
ffi

x 
an

d 
th

e r
es

t o
f t

he
 w

or
d 

wa
s i

de
nt

ifi
ed

, a
nd

 th
e p

ro
ba

bi
lit

y 
of

 th
at

 p
ai

r a
t 

th
e g

iv
en

 vo
ca

bu
lar

y 
siz

e c
he

ck
ed

. Th
e m

ea
n 

pr
ob

ab
ili

ty
 ac

ro
ss

 al
l a

ffi
x 

ty
pe

s w
as

 
th

en
 ca

lcu
lat

ed
.

fo
rw

ar
ds

 t
ra

ns
it

io
na

l 
pr

ob
ab

il
it

y 
of

 b
as

e–
af

fi
x 

bo
un

da
ry

 –
 t

ok
en

s 
(M

et
ric

 1
6g

)

Th
e a

ve
ra

ge
 fo

rw
ar

ds
 tr

an
sit

io
na

l p
ro

ba
bi

lit
y 

fo
r t

he
 p

ho
ne

m
e c

om
bi

na
tio

ns
 at

 th
e 

ba
se

–a
ffi

x 
bo

un
da

ry
 ac

ro
ss

 th
e a

ffi
x 

to
ke

ns
 w

as
 ca

lcu
lat

ed
, b

as
ed

 o
n 

th
e t

ra
ns

iti
on

al 
pr

ob
ab

ili
tie

s o
f p

ho
ne

m
e c

om
bi

na
tio

ns
 w

ith
in

 th
e m

on
om

or
ph

em
ic 

to
ke

ns
 w

ith
in

 
a g

iv
en

 vo
ca

bu
lar

y 
siz

e. 
Ph

on
ol

og
ica

l t
ra

ns
cr

ip
tio

ns
 o

f w
or

ds
 w

er
e o

bt
ai

ne
d 

fro
m

 
th

e M
RC

 P
sy

ch
ol

in
gu

ist
ic 

D
at

ab
as

e (
se

e M
et

ric
 1

3a
). 

Th
e f

or
wa

rd
s p

ro
ba

bi
lit

ie
s 

of
 ea

ch
 co

m
bi

na
tio

n 
of

 p
ho

ne
m

e p
ai

rs
 ap

pe
ar

in
g 

in
 th

e fi
rs

t 1
1,

00
0 

lem
m

as
 o

f t
he

 
co

rp
us

 w
er

e c
alc

ul
at

ed
 at

 ea
ch

 vo
ca

bu
lar

y 
siz

e (
ba

se
d 

on
 to

ke
n 

co
un

ts)
. F

or
 ea

ch
 

affi
xe

d 
fo

rm
, t

he
 p

ho
ne

m
e p

ai
r a

t t
he

 b
ou

nd
ar

y 
be

tw
ee

n 
th

e a
ffi

x 
an

d 
th

e r
es

t o
f 

th
e w

or
d 

wa
s i

de
nt

ifi
ed

, a
nd

 th
e p

ro
ba

bi
lit

y 
of

 th
at

 p
ai

r a
t t

he
 g

iv
en

 vo
ca

bu
lar

y 
siz

e c
he

ck
ed

. Th
e m

ea
n 

pr
ob

ab
ili

ty
 ac

ro
ss

 al
l a

ffi
x 

to
ke

ns
 w

as
 th

en
 ca

lcu
lat

ed
.

ba
ck

wa
rd

s t
ra

ns
it

io
na

l 
pr

ob
ab

il
it

y 
of

 b
as

e–
af

fi
x 

bo
un

da
ry

 –
 t

ok
en

s 
(M

et
ric

 1
6h

)

Th
e a

ve
ra

ge
 b

ac
kw

ar
ds

 tr
an

sit
io

na
l p

ro
ba

bi
lit

y 
fo

r t
he

 p
ho

ne
m

e c
om

bi
na

tio
ns

 
at

 th
e b

as
e–

affi
x 

bo
un

da
ry

 ac
ro

ss
 th

e a
ffi

x 
to

ke
ns

 w
as

 ca
lcu

lat
ed

, b
as

ed
 o

n 
th

e 
tra

ns
iti

on
al 

pr
ob

ab
ili

tie
s o

f p
ho

ne
m

e c
om

bi
na

tio
ns

 w
ith

in
 th

e m
on

om
or

ph
em

ic 
to

ke
ns

 w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e. 

Ph
on

ol
og

ica
l t

ra
ns

cr
ip

tio
ns

 o
f w

or
ds

 
we

re
 o

bt
ai

ne
d 

fro
m

 th
e M

RC
 P

sy
ch

ol
in

gu
ist

ic 
D

at
ab

as
e (

se
e M

et
ric

 1
3a

). 
Th

e 
ba

ck
wa

rd
s p

ro
ba

bi
lit

ie
s o

f e
ac

h 
co

m
bi

na
tio

n 
of

 p
ho

ne
m

e p
ai

rs
 ap

pe
ar

in
g 

in
 th

e 
fir

st 
11

,0
00

 le
m

m
as

 o
f t

he
 co

rp
us

 w
er

e c
alc

ul
at

ed
 at

 ea
ch

 vo
ca

bu
lar

y 
siz

e (
ba

se
d 

on
 

to
ke

n 
co

un
ts)

. F
or

 ea
ch

 affi
xe

d 
fo

rm
, t

he
 p

ho
ne

m
e p

ai
r a

t t
he

 b
ou

nd
ar

y 
be

tw
ee

n 
th

e a
ffi

x 
an

d 
th

e r
es

t o
f t

he
 w

or
d 

wa
s i

de
nt

ifi
ed

, a
nd

 th
e p

ro
ba

bi
lit

y 
of

 th
at

 p
ai

r a
t 

th
e g

iv
en

 vo
ca

bu
lar

y 
siz

e c
he

ck
ed

. Th
e m

ea
n 

pr
ob

ab
ili

ty
 ac

ro
ss

 al
l a

ffi
x 

to
ke

ns
 w

as
 

th
en

 ca
lcu

lat
ed

.

or
th

og
ra

ph
ic

 a
ff

ix
 

le
ng

th
 –

 t
yp

es
 –

 m
ea

n 
 

(M
et

ric
 1

7a
)

G
re

at
er

 le
ng

th
 is

 th
ou

gh
t t

o 
in

cr
ea

se
 th

e l
ik

eli
ho

od
 o

f a
n 

affi
x 

be
in

g 
re

co
gn

iz
ed

 as
 su

ch
, m

ea
ni

ng
 w

or
d 

ac
ce

ss
 is

 m
or

e l
ik

el
y 

to
 b

e v
ia

 
de

co
m

po
sit

io
n 

ra
th

er
 th

an
 w

ho
le 

wo
rd

. S
ee

 K
up

er
m

an
 an

d 
Va

n 
D

yk
e 

(2
01

1)
.

Th
e a

ve
ra

ge
 le

ng
th

 o
f t

he
 affi

x 
in

 le
tte

rs
 ac

ro
ss

 th
e a

ffi
x 

ty
pe

s w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e w

as
 ca

lcu
lat

ed
. I

n 
ca

se
s w

he
re

 a 
let

te
r w

as
 sh

ar
ed

 b
et

we
en

 tw
o 

wo
rd

 el
em

en
ts,

 th
e l

et
te

r w
as

 tr
ea

te
d 

as
 b

elo
ng

in
g 

to
 b

ot
h 

ele
m

en
ts.

 
E

xa
m

pl
e 1

: Th
e w

or
d 

pr
ob

ab
ly 

wa
s c

od
ed

 as
 co

nt
ai

ni
ng

 th
e s

uffi
xe

s -
ab

le 
an

d 
-ly

. I
n 

th
is 

ca
se

, t
he

 le
tte

r l
 w

as
 tr

ea
te

d 
as

 b
ei

ng
 p

re
se

nt
 in

 b
ot

h 
affi

xe
s, 

m
ea

ni
ng

 th
at

 th
e 

affi
x 

len
gt

h 
of

 -a
bl

e i
n 

th
is 

wo
rd

 w
as

 th
re

e l
et

te
rs

 (a
, b

, a
nd

 l)
 an

d 
th

e a
ffi

x 
len

gt
h 

of
 -l

y w
as

 tw
o 

let
te

rs
. 

E
xa

m
pl

e 2
: Th

e w
or

d 
co

m
pu

ter
 w

as
 co

de
d 

as
 co

nt
ai

ni
ng

 th
e s

uffi
x 

-e
r. 

In
 th

is 
ca

se
, t

he
 le

tte
r e

 w
as

 tr
ea

te
d 

as
 b

ei
ng

 p
re

se
nt

 in
 b

ot
h 

th
e b

as
ew

or
d 

an
d 

th
e s

uffi
x, 

m
ea

ni
ng

 th
at

 th
e a

ffi
x 

len
gt

h 
of

 -e
r w

as
 tw

o 
let

te
rs

.

or
th

og
ra

ph
ic

 a
ff

ix
 

le
ng

th
 –

 t
ok

en
s –

 m
ea

n 
(M

et
ric

 1
7b

)

Th
e a

ve
ra

ge
 le

ng
th

 o
f t

he
 affi

x 
in

 le
tte

rs
 ac

ro
ss

 th
e a

ffi
x 

to
ke

ns
 w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e w
as

 ca
lcu

lat
ed

.

ph
on

ol
og

ic
al

 a
ff

ix
 

le
ng

th
 –

 t
yp

es
 –

 m
ea

n 
 

(M
et

ric
 1

8a
)

Th
e a

ve
ra

ge
 le

ng
th

 o
f t

he
 affi

x 
in

 p
ho

ne
m

es
 ac

ro
ss

 th
e a

ffi
x 

ty
pe

s w
ith

in
 a 

gi
ve

n 
vo

ca
bu

lar
y 

siz
e w

as
 ca

lcu
lat

ed
. I

n 
ca

se
s w

he
re

 a 
ph

on
em

e w
as

 sh
ar

ed
 

be
tw

ee
n 

tw
o 

wo
rd

 el
em

en
ts,

 th
e p

ho
ne

m
e w

as
 tr

ea
te

d 
as

 b
elo

ng
in

g 
to

 b
ot

h 
ele

m
en

ts.
 P

ho
no

lo
gi

ca
l t

ra
ns

cr
ip

tio
ns

 o
f w

or
ds

 w
er

e o
bt

ai
ne

d 
fro

m
 th

e M
RC

 
Ps

yc
ho

lin
gu

ist
ic 

D
at

ab
as

e (
se

e M
et

ric
 1

3a
).

ph
on

ol
og

ic
al

 a
ff

ix
 

le
ng

th
 –

 t
ok

en
s –

 m
ea

n 
 

(M
et

ric
 1

8b
)

Th
e a

ve
ra

ge
 le

ng
th

 o
f t

he
 affi

x 
in

 p
ho

ne
m

es
 ac

ro
ss

 th
e a

ffi
x 

to
ke

ns
 w

ith
in

 a 
gi

ve
n 

vo
ca

bu
lar

y 
siz

e w
as

 ca
lcu

lat
ed

.

af
fi

x 
as

 in
it

ia
l/

fi
na

l 
m

or
ph

em
e 

– 
ty

pe
s –

 
nu

m
be

r 
(M

et
ric

 1
9a

)

Th
e b

eg
in

ni
ng

s a
nd

 en
ds

 o
f w

or
ds

 ar
e b

et
te

r r
em

em
be

re
d 

(A
itc

hi
so

n,
 

20
12

). 
Th

us
, a

n 
affi

x 
th

at
 te

nd
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Appendix D

Worked Examples of Metric Calculations
Example 1:
japanese loanwords – types – number (Metric 9a)
This metric concerns whether lemmas containing a given affix are loanwords in Japanese 
or not (see Appendix C for details on how loanword status was determined). Taking 
the affix -al (adjectives) as an example, the basic data for this metric is as follows.

Vocabulary size Lemma containing the affix Loanword status
~1000 normal_jj 1
~2000 magical_jj 0
~2000 natural_jj 1
~2000 personal_jj 1
~2000 usual_jj 0
~2000 usually_rb 0
~3000 familiar_jj 0
~3000 medical_jj 1
~3000 naturally_rb 0
~3000 official_jj 1
~3000 original_jj 1
~3000 personally_rb 0
~3000 practically_rb 0
~3000 professional_jj 1
~3000 unusual_jj 0
~4000 emotional_jj 0
~4000 equal_jj 1
~4000 musical_jj 1
~4000 national_jj 1
~4000 normally_rb 0
~4000 officially_rb 0
~4000 personality_nn 1
~4000 physical_jj 0
~4000 practical_jj 0
~4000 technically_rb 0

(Continued)
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Vocabulary size Lemma containing the affix Loanword status
~5000 accidentally_rb 0
~5000 criminal_jj 0
~5000 electrical_jj 0
~5000 instrumental_jj 0
~5000 international_jj 1
~5000 mechanical_jj 0
~5000 nuclear_jj 0
~5000 traditional_jj 0
~6000 central_jj 1
~6000 central_np 1
~6000 classical_jj 1
~6000 critical_jj 0
~6000 financial_jj 1
~6000 logical_jj 0
~6000 political_jj 0
~6000 spectacular_jj 0
~6000 technical_jj 1
~7000 commercial_jj 1
~7000 essential_jj 1
~7000 global_jj 1
~7000 ideal_jj 0
~7000 molecular_jj 0
~7000 physically_rb 0
~7000 polar_jj 0
~7000 sentimental_jj 0
~7000 sexual_jj 1
~7000 visual_jj 1
~8000 additional_jj 0
~8000 brutal_jj 0
~8000 educational_jj 0
~8000 emotionally_rb 0
~8000 equally_rb 0
~8000 federal_jj 0

(Continued)
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Vocabulary size Lemma containing the affix Loanword status
~8000 historical_jj 0
~8000 hysterical_jj 0
~8000 occasionally_rb 0
~8000 originally_rb 0
~8000 sensational_jj 1
~8000 tropical_jj 0
~9000 cultural_jj 0
~9000 dental_jj 0
~9000 exceptional_jj 0
~9000 incidentally_rb 0
~9000 operational_jj 0
~9000 spiritual_jj 0
~9000 universal_jj 1
~10000 bridal_jj 1
~10000 experimental_jj 0
~10000 industrial_jj 0
~10000 intellectual_jj 0
~10000 maniacally_rb 0
~10000 serial_jj 0
~10000 supernatural_jj 0
~10000 thermal_jj 0
~11000 colossal_jj 0
~11000 confidential_jj 0
~11000 environmental_jj 0
~11000 facial_jj 0
~11000 inspirational_jj 0
~11000 mystical_jj 0
~11000 occasional_jj 0
~11000 regional_jj 0
~11000 tribal_jj 0

The above data thus produces the following metric for this affix, where the value is 
the sum of all affix types that are loanwords up to a given vocabulary size:
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Vocabulary size japanese loanwords –  
types – number (Metric 9a)

~1000 1
~2000 3
~3000 7
~4000 11
~5000 12
~6000 17
~7000 22
~8000 23
~9000 24
~10000 25
~11000 25

Example 2:
known basewords/precursors – proportion (Metric 5)

This metric concerns whether a baseword or precursor of an affix type is within a 
particular vocabulary size (in which case it is considered “known” at that level). That 
is, for affix types at the ~1000 vocabulary size level, the coding indicates whether the 
baseword/precursor is also within the first 1,000 lemmas; for affix types through to the 
~2000 vocabulary size level, the coding indicates whether the baseword/precursor is 
also within the first 2,000 lemmas, etc. Taking the affix -able as an example, below are 
some of the basic data for this metric (only through to the ~5000 vocabulary size level, 
for convenience). As can be seen, this metric is somewhat more complex than that of 
Example 1 since the coding for a given affix type can change across vocabulary sizes. 
For example, terrible_jj is coded as 0 at the ~1000, ~2000, ~3000 and ~4000 vocabulary 
size levels, but is coded as 1 at the ~5000 level, since its baseword, terror, is at the ~5000 
level.

Vocabulary 
size

Lemma  
containing the 

affix

Baseword/Precursor is within . . .

~1000  
vocabulary 

level

~2000  
vocabulary 

level

~3000  
vocabulary 

level

~4000  
vocabulary 

level

~5000  
vocabulary 

level

~1000 impossible_jj 0 0 0 0 0

~1000 possible_jj 0 0 0 0 0

~1000 probably_rb 0 0 0 0 0

~1000 terrible_jj 0 0 0 0 1

~2000 comfortable_jj / 0 0 0 0

~2000 horrible_jj / 0 0 1 1

~2000 incredible_jj / 0 0 0 0

(Continued)
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Vocabulary 
size

Lemma  
containing the 

affix

Baseword/Precursor is within . . .

~1000  
vocabulary 

level

~2000  
vocabulary 

level

~3000  
vocabulary 

level

~4000  
vocabulary 

level

~5000  
vocabulary 

level

~2000 possibly_rb / 0 0 0 0

~2000 responsibility_nn / 0 0 0 0

~2000 responsible_jj / 0 0 0 0

~3000 adorable_jj / / 0 0 1

~3000 available_jj / / 0 0 0

~3000 capable_jj / / 0 0 0

~3000 miserable_jj / / 0 0 0

~3000 terribly_rb / / 0 0 1

~3000 unbelievable_jj / / 1 1 1

~3000 valuable_jj / / 0 0 0

~4000 incredibly_rb / / / 0 0

~4000 invisible_jj / / / 0 0

~4000 possibility_nn / / / 0 0

~4000 reasonable_jj / / / 1 1

~4000 remarkable_jj / / / 0 0

~5000 sensible_jj / / / / 1

~5000 uncomfortable_jj / / / / 0

The above data thus produces the following metric for this affix, where 4 types are 
found within the ~1000 vocabulary size level (see above: “impossible_jj”, “possible_jj”, 
“probably_rb”, “terrible_jj”), but none has a baseword/precursor within the ~1000 
vocabulary level. Similarly, there are 10 types found within the ~2000 vocabulary size 
level, but none with a baseword/precursor up to this level.

Vocabulary size Calculation known basewords/ precursors – proportion 
(Metric 5)

~1000 0 ÷ 4 0.000

~2000 0 ÷ 10 0.000

~3000 1 ÷ 17 0.059

~4000 3 ÷ 22 0.136

~5000 7 ÷ 24 0.292


