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1. Introduction
Attested linguistic patterns are not all equally frequent. This fact poses a difﬁculty: models of
grammar cannot predict relative frequency differences on their own—something else is required. In
this paper, I discuss an explicit model of one of those additional components: bias in perception and
production. I show that a very simple model of how (mis)perception interferes with learning can predict
large-scale trends in typology. In particular, I offer the model as an explanation of how proposed
perceptual biases disfavoring ﬁnal stress could explain several directional tendencies in stress typology.
This model has the advantage of being nearly “end-to-end.” That is, given a perceptual bias,
grammatical representation, and learning mechanism, we can examine predicted typological results.
This allows the explicit testing of assumptions and proposed explanations.

2. Nonﬁnality
For the purposes of this paper, a nonﬁnality bias is any force in perception or production that deters
ﬁnal stress. A reason to suspect that such a pressure is active in these channels is that nonﬁnality
as a concept has been robustly useful in understanding the grammatical side of stress. This includes
notions such as extrametricality (Liberman & Prince, 1977), as well as more explicit nonﬁnality (Prince
& Smolensky, 1993/2004) in constraint-based formalisms—both serve as grammatical ways to exclude
ﬁnal syllables from bearing stress or other metrical structure.
It is less clear why such a pressure should exist in the ﬁrst place, although some potential answers
have been proposed. As one possibility, the avoidance of ﬁnal stress might be derived from an avoidance
of clash between levels of tonal prominence and a preference for ﬁnal higher-level prominences (Hyman,
1985; Gordon, 2000). As another, the intrinsic prominence due to ﬁnal lengthening might disrupt the
perception of stress in ﬁnal position (Lunden, 2006). In this study, my goal is not to give new answers
about why nonﬁnality pressures should arise. Instead, I show the kinds of typological implications can
be derived from even very simple assumptions about these kinds of pressures.
Despite the apparent utility of nonﬁnality for grammatical analysis, it is not immediately clear
whether ﬁnal syllable stress is actually underattested crosslinguistically. This question can be addressed,
at least in part, by a statistical view of the legal patterns in a stress typology. Here I take Heinz’s
(2007) Stress Pattern Database as my basis for frequency inference. Each stress pattern in this database
has some frequency and some set of corresponding legal strings. We can use these measures to derive
information about which properties of stress strings are markedly common or uncommon—either rare
within individual patterns, or members of only rare patterns. Properties of interest should show up as
signiﬁcantly more or less attested than just creating strings at random.
Here I look only at patterns of one or two syllables anchored at the left or right word edge. In results
here, a 0 indicates an unstressed syllable, a 1 indicates a stressed syllable. Sampling follows a simple
procedure. First, a stress pattern is chosen according to its frequency from the Stress Pattern Database.
Second, a word length is selected at random between one and eight syllables. Third, a word shape (i.e.
a combination of syllable weights) is chosen uniformly at random. Finally, the above combinations of
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stresses, unstressed syllables, and word edges occurring in the resulting string are tallied. These tallies
can produce estimates of the mean values of each feature as well as estimates of conﬁdence or variability.
Random selection of word length introduces one complication: what should the sampling distribution over word lengths look like? I present results from two assumptions. In the ﬁrst, word length is
sampled uniformly. This is not characteristic of real word length distributions, but might correspond to a
learner focusing on “difﬁcult” data in long words. In the second, short words are sampled exponentially
(2n ) more often. This more closely echoes real-world distributions.
Figures 1 and 2 show the mean proportion of these tallies relative to chance, where chance is naively
assumed to be 0.5 for single-syllable sequences and 0.25 for two-syllable sequences. The bars indicate
95% of the sampling distribution. Bars are marked with a signiﬁcance star if 95% of the distribution does
not include the chance (zero) line. These sequences reliably occur more (or less) often than would be
expected by uniformly random concatenation of stressed and unstressed syllables. Table 1 lists patterns
that deviate “signiﬁcantly” from chance in the same direction under both sampling assumptions. These
results can be considered reasonably robust to the exact distribution.
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Figure 1: Deviation from chance for sequences sampled from the Stress Pattern Database (see text).
Uniform sampling distribution.
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Pattern frequencies with exponential word length
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Figure 2: Deviation from chance for sequences sampled from the Stress Pattern Database (see text).
Exponential distribution.

Pattern
#10
#11
0#
1#
10#
11#

Description
Initial fall
Initial clash
Stressless ﬁnal syllable
Stressed ﬁnal syllable
Final fall
Final clash

Tendency relative to chance
favored
disfavored
favored
disfavored
favored
disfavored

Table 1: Summary of preferences for one- and two-syllable sequences at word edges. Non-signiﬁcant
deviations from chance or deviations in opposite directions are not listed.
Although this kind of technique is useful for more than the present purposes, the most important
tendencies here are for the sequences 0# and 1#. Under both sampling assumptions, 0# appears
frequently and 1# appears infrequently. This is exactly what would be expected under a systematic
pressure for nonﬁnality. It should be noted that most of these tendencies overlap—e.g. a general
preference for falls and against clashes would provide a similar pattern of results. Notably, however,
no single-syllable sequences at the left edge appear in this table—perhaps making preferences such as
initial gridmark less appealing explanations (Hyde, 2008).
This statistical work serves to show that there is something worth modeling in nonﬁnality. The
frequency of stress strings patterns in accordance with something like a nonﬁnality pressure, even if the
precise details are unclear. In the next section, I turn to details of my model for nonﬁnality biases on
typology.
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3. Model
3.1. Grammar and learning framework
The grammatical model used here is Maximum Entropy grammar (MaxEnt; Goldwater & Johnson,
2003). In MaxEnt, a grammar consists of a weighted set of constraints. The grammar assigns harmonies
to candidates as their weighted sum of violations—that is, it is a Harmonic Grammar (Legendre et al.,
1990; Pater, 2009). MaxEnt further assigns probabilities to candidates proportional to the exponential of
these harmonies. These explicit probability calculations are the chief virtue of MaxEnt for this work—
they can record gradient conﬁdence of the model in a particular hypothesis. This “conﬁdence” affects
production and perception but can also be examined by the analyst to determine how much learning a
particular simulation has done—how much probability the model has moved onto the target forms.
In learning, a teacher produces a form according to a given categorical grammar—it samples from
some stress pattern. The learner then probabilistically produces its own parse for that chosen word shape.
If there is a mismatch between the output of the teacher and the output of the learner, the learner updates
its constraint weights by the scaled difference between the violations of the two outputs (sampling SGA
or perceptron; Jäger, 2007; Boersma & Pater, 2014). The set of constraints includes some which mention
feet. Foot structure is not overt in the input to the learner, and thus must be inferred—here, by Robust
Interpretive Parsing (Tesar & Smolensky, 2000; Boersma, 2003; Jarosz, 2013; Boersma & Pater, 2014).
The constraints used are a sample of those found in the stress literature (e.g. Alber, 2005; Kager,
2005). The goal here is not to predict much about frequency with the constraint set itself—the set
must merely be capable of representing the relevant patterns. Instead, the constraint set is meant to be
relatively unbiased on the question of nonﬁnality. To that end, two types of nonﬁnality and two types of
noninitiality constraint are included. Thus the constraints themselves cannot bias a learner toward one
edge rather than the other—if a nonﬁnality bias results from the constraints, noninitiality must as well.
• A LIGN H EAD L EFT /R IGHT
• A LIGN F OOT L EFT /R IGHT
• “W EIGHT T O S TRESS”
• F OOT B INARITY
• Rhythmic: *C LASH, *L APSE
• Foot headedness: I AMB and T ROCHEE
• N ONFINALITY and N ONINITIALITY for foot and syllable
Some additional assumptions are relevant, though I have considered alternatives to each in additional
simulations. Only words of length two to eight are allowed. Short words are sampled exponentially
more often (2n ). For each word length, the candidates are all the valid parses for that length, with the
exception of single stress systems. For these, only candidates with exactly one stress and at most one
“heavy” syllable are considered. The distribution of “heavies” is assumed to be uniform where relevant.
The learning rate for the update rule is 0.1 throughout. Weights start at a constant value of 10.

3.2. Incorporating nonﬁnality
The above model is necessarily unbiased with respect to direction—right is equivalent to left as far
as the constraints are concerned. We must introduce some mechanism that biases the model towards
nonﬁnality, modeling some view of how a nonﬁnality bias in production or perception might work. One
such strategy is to assume that the ﬁnal syllable of a word is probabilistically deﬁcient. That is, when
the teacher intends a form with ﬁnal stress, this stress is occasionally lost on the way to the learner’s
grammatical update. This might be due to the teacher failing to adequately produce the stress, the
learner failing to perceive it, or some other property of the noisy channel between the two grammars.
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Crucially, this failure only happens on occasion. If it happened for every production and every
teacher, no grammars violating nonﬁnality would be learnable. As this is clearly not a true fact about
typology, the probability of transmission failure must be less than 1.0. In the results below, I consider a
range of values for this parameter probability.
There is a residual issue with this type of strategy. Namely, if the ﬁnal stress of a word is “lost,”
where does it go? In a foot-based constraint set, stress is necessary for any useful learning. A number of
possible resolutions are possible, but here I will focus on only one. See Staubs (2014) for consideration
of alternatives with similar results. If ﬁnal stress is misperceived, it is instead perceived on the penult.
This strategy is simple and seemingly plausible if part of the mechanism of nonﬁnality bias is something
like peak delay.

4. Case studies
In this section, I demonstrate this model as applied to three aspects of stress typology: ﬁxed stress
position, alignment of stress windows, and foot headedness. In each case, I show that a nonﬁnality effect
in the model can serve to break the left/right symmetry in a way aligned with typological observation.

4.1. Case study 1: Fixed stress
In a ﬁxed stress system, stress always falls on a syllable a ﬁxed number of syllables from the
word edge. Typically, the primary stress is the focus in such descriptions. In the extreme case, ﬁxed
single stress systems have exactly one stress per word, always in a ﬁxed location. In either focus, ﬁxed
stress typology seems to favor the right edge. Initial and ﬁnal single stress (no separation from the
word edge) do not show much asymmetry, but a distinction becomes apparent moving further into the
word. In particular, penultimate stress is more frequent than peninitial (one syllable from the edge) and
antepenultimate stress is more frequent than postpeninitial (two syllables from the edge). These patterns
are shown in Table 2, with data from WALS and SPD.1

initial
peninitial
postpeninitial
ﬁnal
penultimate
antepenultimate

#
69
12
0
74
60
8

SPD
%
30.9
5.4
0.0
33.2
26.9
3.6

WALS
#
%
92 32.6
16
5.7
1
0.4
51 18.1
110 39.0
12
4.3

Table 2: Comparison of typologies of edge stress in Heinz (2007) and Goedemans & van der Hulst
(2013).
These asymmetries are not explicable without some mechanism that makes left distinct from right
for frequency predictions. A nonﬁnality bias provides this. Penultimate stress in particular clearly
beneﬁts from the perceptual error model given above: of all patterns that align with the right edge,
penultimate aligns the most without relying on perceptually weak ﬁnal stress data. Further, the model
outlined above explicitly creates penultimate stress data out of ﬁnal stress.
A bias in favor of antepenultimate stress is less obvious in this model, but does result from it.
The key insight is that long initial stress patterns can actually be ﬁnal in short words. In particular,
postpenitial stress is ﬁnal in words up to length three. It is therefore disadvantaged when compared with
antepenultimate stress, which does not have this property.
The graph in Figure 3 shows patterns of error for six types of ﬁxed stress. These results show how
far a learner’s grammar is from its teacher’s after 10,000 pieces of learning data if it receives data from a
teacher who “speaks” language X. Thus, higher numbers show more divergence from the teacher—these
1
WALS counts are focused on ﬁxed stress in general, while SPD counts are for ﬁxed single stress. This (partly)
accounts for an asymmetry between the two with respect to ﬁnal stress.
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languages are “harder” to learn. Here we see that as the probability of misperception increases, error
on initial patterns also increases (as does ﬁnal stress). This seems to offer an explanation for observed
trends.
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Figure 3: Error after 10,000 iterations for ﬁxed stress patterns with a range of nonﬁnality parameter
values.
However, error alone can lead to faulty frequency predictions (Rafferty et al., 2011)—we must
model language transmission across generations, as in iterated learning (e.g. Kirby, 2002; Grifﬁths &
Kalish, 2005). In the iterated learning model used here, we start a chain off with language X and
see how likely it is to move to language Y in one generation. We can then exponentiate the resulting
probabilities to extend results further into the “future.”
Learner 1 → Learner 2 → Learner 3 → Learner 4 → ...
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Iterated learning results are shown in Figure 4. Here, predicted frequency of penultimate stress is
shown to increase, both as time goes on and as the probability of misperception goes up.
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Figure 4: Iterated learning results for frequency of ﬁxed stress systems.
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4.2. Case study 2: Foot headedness
A dramatic directional asymmetry has been noted in favor of trochaic languages over iambic (e.g. by
Hayes, 1995). That is, patterns compatible with left-headed feet are more common than those compatible
with right-headed feet. This difference is stark: 153 versus 31 in WALS (Goedemans & van der Hulst,
2013).
Perceptual nonﬁnality offers a possible explanation. Iambs are inherently “ﬁnal”—the smallest
words showing iambs must have ﬁnal stress. Many of the conceivable right-to-left systems will also show
ﬁnal stress in long words, as would left-to-right systems with degenerate feet. Trochees are different.
Short words can easily have non-ﬁnal stress, and longer words can have ﬁnal stress only if degenerates
are tolerated. A bias for nonﬁnality will thus decrease the frequency of iambs asymmetrically. It is
especially damning that iambs are ﬁnal in short words, likely the most common inputs. The frequency
of some abstract systems are shown in Table 3, including how often they show ﬁnal stress.
Foot type

Direction
Left-to-Right

Trochees
Right-to-Left
Left-to-Right
Iambs
Right-to-Left

Degenerate feet?
no
yes
no
yes
no
yes
no
yes

Final?
never
sometimes
never
never
sometimes
always
always
always

Count
33
22
34
4
13
3
2
3

Table 3: Parametric iterative stress in StressTyp.
Error patterns are shown in Figure 5. As expected, all iambic patterns become harder to learn with
increased probability of ﬁnal stress misperception. One trochaic pattern also becomes harder—left-toright trochees with degenerate feet. Notably, this is not one of the most common trochaic types. An
iterated learning simulation corroborates these results, showing that iambic frequency increases over
generations and with increasing probability of misperception.

4.3. Case study 3: Stress windows
The ﬁnal case study concerns a directional asymmetry in stress windows. In stress window systems,
stress varies by a designated property (e.g. weight, sonority, lexical, etc.)—but only up to a given distance
from the word edge. Windows can be at least two or three syllables long, but right edge systems are
more common in both cases (Table 4). This situation is very similar to that of ﬁxed stress: two-syllable
windows are more common on the right edge than the left, as are three-syllable windows.
Error results are shown in Figure 7. A number of initial windows become more difﬁcult with a
nonﬁnality bias, but so do some ﬁnal windows. Error is not enough for ﬁnal-default right-edge windows.
In particular, stress windows in which stress defaults to the last syllable are problematic.
There is reason to be hopeful for a larger model. Learning an initial window consists of learning
both that alignment is leftward and that stress is sensitive to a designated property. A nonfinality effect
disrupts this process: overall alignment is still leftward, but in short words where stress “should” be
ﬁnal, it instead appears on the penult. This type of misperception can produce data which is neither
fully-aligned nor sensitive to a diacritic, contradicting the overall picture of learning.
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Figure 5: Error after 10,000 iterations for iterative feet patterns with a range of nonﬁnality parameter
values. Key: foot type, left-to-right (L) or right-to-left (R), tolerance of degenerate feet (D).
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Figure 6: Iterated learning results for frequency of ﬁxed stress systems.
Window type
Final two syllables
Final three syllables
Initial two syllables
Initial three syllables

#
82
38
39
1

e.g.
e.g.
e.g.
e.g.

Yapese (Jensen et al., 1977)
Pirahã (Everett & Everett, 1984)
Malayalam (Asher & Kumari, 1997)
Comanche (Smalley, 1953)

Table 4: Frequency of window types, collapsing over defaults and designated properties (numbers from
Kager, 2012).
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Figure 7: Error after 10,000 iterations for window stress patterns with a range of nonﬁnality parameter
values. Key: window size, window on left (L) or right (R), position of default.
At this point, the learner must doubt something about its previous analysis. One option is to
decrease the importance of left alignment. This potentially yields a large right-aligned stress window (the
rightward solution). Alternatively, it could decrease the importance of designated property sensitivity
(the quantity-insensitive solution). Both options are possible paths for this model, dictated by parameters
of learning and random chance. Both the rightward and QI solutions are available, depending on model
parameters. However, rightward option is disfavored—consistent alignment is easy to get right (see e.g.
Staubs, 2014). Despite this, an overall typological bias moving windows right should result from a full
model. A nonﬁnality bias can occasionally create a rightward solution, but it rarely results in a leftward
movement. This could provide for an overall increase in the probability of ﬁnal windows.

5. Discussion
In this paper, I showed that a simple model of a nonﬁnality bias in perception has useful typological
consequences in an iterated learning model. This model predicts the relative frequency of penultimate
and antepenultimate stress and the dominance of trochees over iambs. It also offers a tentative approach
to the frequency of right-edge windows.
These results arise from a model in which most components (grammar, perception, learning, and
diachrony) are explicitly modeled. This “end-to-end” approach is comparatively rare. Using these kinds
of comprehensive models for inference about frequency allow us to better test theories of typological
tendencies.
This model cannot give a full account of stress windows. Directions for future elaboration include
several considerations, including different iterated learning models, different interpretations of the
perceptual nonﬁnality bias, or different forms of formal bias. Stress typology in general can beneﬁt
from this type of model that integrates perception and learning, for example models of the perceptual
basis of clash and lapse avoidance/tolerance or the correlation between direction and foot shape.
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