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Chapter 7 

 

German: one rule, two frequency effects 

 

 

 

Abstract  

In language variation and change, word frequency often correlates with the relative number of 

changed and unchanged forms. High-frequency words are the most conservative in 

paradigmatic language change. On the other hand, high-frequency words are the first to change 

in reduction processes. This chapter reports a new observation: these two frequency effects may 

both occur in a single process of vowel change. The role of frequency in the variation of the 

pronunciation of Standard German long vowel <ä> is investigated. This variation reflects a 

sound change in progress from higher-mid [eː] to lower-mid [εː]. The change is catalysed by pre-

r vowel lowering. It will be shown that in pre-r context, high-frequency words change first. 

Elsewhere, low-frequency words change first. This shows that a phonological rule interacts with 

frequency. The interaction will be modelled in EPOT. 
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tudies in language variation and change have shown that basically two frequency 

types occur, as pointed out in the introduction of chapter 1: Type I frequency 

effects in analogical change and Type II frequency effects in reduction processes. In 

Type I frequency effects, LF words change first, in Type II frequency effects, HF 

words change first. In the previous chapters, Type III frequency effects (opaque structure) 

were reported as well: LF words may be exceptional with regard to the grammar, which we 

observed in stable variation and loanword integration. Further, in §1.4, I hypothesized that in 

a single pattern of variation, either Type I or Type II frequency effects occur. The idea behind 

this hypothesis was that Type I and Type II frequency effects are opposite in the sense that in 

Type I frequency effects, frequency negatively corresponds with change (HF words change 

last), but in Type II frequency effects, frequency positively corresponds with change (HF words 

change first). In this chapter, we will find that, remarkably, it is possible that the two 

frequency effects occur in a single variation pattern, namely the variation in the pronunciation 

of the long vowel <ä> in Standard German. We have seen in chapter II that this variation 

reflects the ongoing reversal of the <e> - <ä> merger. I also showed (chapter 2, 3, 5) that a 

following -r catalyses this split. In this chapter, we will also investigate long vowel               

<ä>-lowering on a larger scale. It will turn out that the data can be divided into two clearly 

defined subgroups: one which is susceptible to Type I frequency effects and one which is 

subject to Type II frequency effects. We will see that these subgroups exactly match the 

subgroups that can be defined on the basis of possible inputs for pre-r vowel lowering. That is, 

words that are subject to pre-r vowel lowering show a Type II frequency effect. Conversely, 

words that are not subject to pre-r vowel lowering show a Type I frequency effect. In chapter 

6, we saw that EPOT can account for phonological rules and gradual change of the lexicon 

(and thus of the input) simultaneously. The variation in long vowel <ä>-lowering poses a new 

challenge to EPOT (or any other hybrid model), in that the variation is gradient, rather than 

categorical. So, although the grammar is categorical, the output must contain gradient 

information. This chapter is concerned with the modelling of the gradient variation in EPOT. 

 The data investigated in this chapter are from the corpus “German Today” 

(Brinckmann et al. 2008). The 82 locations for which older and younger speakers were 

recorded in Austria, Germany, Liechtenstein and Switzerland have been analysed. The F1 and 

F2 of the long vowel <ä> was measured and normalized per speaker. See for more details on 

the corpus and on the method §2.4.1 and §2.4.2 respectively. For the case study in this chapter, 

in sum 7255 instances of long <ä> were analysed. Since it is well-known that the 

pronunciation of the long vowel <ä> may considerably vary due to its geographical 

distribution (see §2.1.3), we will first investigate to what extent geolinguistic factors play a role 

in the variation. The regiolects and national boundaries turn out to be important predictors 

for the pronunciation, and therefore separate analyses will be made for different regiolects and 

nationalects. 

SS  
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 This chapter is structured as follows. The next section describes the geographic 

distribution of the variation of the long vowel <ä> in Standard German. In §7.2, the frequency-

grammar interaction is described. Section 7.3 models the results in EPOT. Section 7.4 makes a 

proposal on the generation of candidates or possible outputs, in the grammar. Finally, §7.5 

concludes.  

7.1  Geographical distribution 

As described in §2.1.3, one of the main factors in the variation of the pronunciation of <ä> is 

the geographical distribution. Dialects, regiolects, but also national borders are likely to play a 

role in the variation. This section reports on the geographical distribution of the vowel height 

of <ä>. 

 For a first impression of the differences in vowel height of the long vowel <ä> and its 

geographical distribution, maps were created in the statistical program R (Diggle & Ribeiro Jr 

(2001, 2007)) on the basis of the corpus data for all locations. Let us consider these maps on 

which the relative height of the vowel is represented in the form of isoglosses. These isoglosses 

are estimated by the statistical package geoR (Ribeiro Jr & Diggle 2001) on the basis of the 

means of the interpolated vowel height (see §2.4.2) in the places investigated. Since we have 

already seen (in chapters 2, 3, and 5) that a following -r may have an important lowering effect 

on the vowel, different maps for words with a pre-r context and other words are shown. 

Furthermore, since we want to investigate change, and therefore compare the younger and the 

older speakers, separate maps are provided for the younger and the older speakers. In 

apparent-time studies, the pronunciation of younger and older speakers are compared, under 

the assumption that younger speakers use the innovative pronunciation and older speakers 

retain their pronunciation. Apparent-time results are supposed to reflect sound change in real 

time (see e.g. Bailey (2008), Chambers & Trudgill (1998: §6.2), Labov (1994: 43-72), for 

discussion). In order to investigate whether sound change occurs, we can compare maps that 

display the relative height of the vowel for the younger generation and the older generation. 

The maps in Figures 7.1a and 7.1b show the distribution of <ä> of all realizations for the older 

speakers. Figure 7.1a shows the distribution in non pre-r context, Figure 7.1b shows the 

distribution in pre-r context. Similarly, Figure 7.1c shows the distribution in non pre-r context 

for the younger speakers and Figure 7.1d shows the realization in pre-r context for the younger 

speakers. In comparison with Figures 7.1c and 7.1d, the maps in the Figures 7.1a and 7.1b show 

more separate islands with sometimes more closely distributed isoglosses. The islands on the 

maps in Figures 7.1a and 7.1b correspond to well-known dialect areas: West Middle German 

and East Middle German, Swabian-Alemannic in southwest Germany, High Franconian in 

central Germany. On the other hand, the maps of the younger speakers, Figures 7.1c and 7.1d, 

show a more evenly distributed pattern with larger areas of similar pronunciation. So, if the 

comparison between the older and younger generation is considered as sound change, it can 

be inferred that dialect levelling is taking place.  
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Figure 7.1a.  The vowel height of long <ä>, spoken by older speakers  in non pre-r context, on 
a scale from 0-100. 
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Figure 7.1b.  The vowel height of long <ä>, spoken by older speakers  in pre-r context, 
on a scale from 0-100. 

 



 

 

158 Changing lexicons, changing grammars 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.1c.  The vowel height of long <ä>, spoken by younger speakers in non pre-r context, 

on a scale from 0-100. 
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Figure 7.1d.  The vowel height of long <ä>, spoken by younger speakers in pre-r context, on a 

scale from 0-100. 
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Secondly, when we compare Figure 7.1a to Figure 7.1b, non pre-r context vs. pre-r context in 

older speakers, Figure 7.1a shows sharper regional distinctions, and more differences in 

isogloss values. Whereas in Swabian-Alemannic and East Middle German, the difference 

between non pre-r context and pre-r context is quite strong (Swabian-Alemannic 85 vs. 45 and 

East Middle German 65 vs. 30), in Austro-Bavarian, in the southeast, the difference is 

considerably smaller (80 vs. 65) The comparison between pre-r context and non pre-r context 

in the younger speakers, Figures 7.1c and 7.1d, reveals that the distributional patterns are quite 

similar; note, however, that the values of vowel height are lower. This is an indication that 

pre-r vowel lowering among the younger speakers occurs in the whole German-speaking area 

and affects the vowel <ä> similarly in all regions.  

  Two questions arise at this point: whether the age differences are significantly different 

and whether the geolinguistic differences are significantly different. Since in the database, age 

is stratified by younger (16-20) and older (50-60) speakers, age is a categorical variable. The 

age differences are examined with t-tests in which the two age groups are compared to each 

other. As for the geolinguistic differences, we tested which of the factors “nation” and 

“regiolects” is the best predictor. We distinguished four nations: Germany, which is the 

reference level, Austria, Liechtenstein, and Switzerland. As for the regiolects, the maps 

indicate that the traditional division into the main dialect groups (compare with Figure 2.1) 

turn out still to be relevant: Low-German, Middle-German, and Upper-German. Low-German 

is further divided into Low-Saxon in the northwest and East Low German in the northeast. 

Middle German consists of West Middle German and East Middle German. Finally, Upper 

German is divided into High Franconian, Austro-Bavarian in the southeast and Swabian-

Alemannic in the southwest. For each location in the database, the regiolect and the 

nationalect were coded and subsequently, the geolinguistic differences were investigated by a 

linear regression test with nation and regiolect as independent variables. The reference level 

for the regiolects is Low Saxon, which is often regarded to be the neutral variety of Standard 

German. The results are provided in Table 7.1 and show how much the other regiolects deviate 

from Low Saxon. 

 

 

 

 

 

 

 

 

 



One rule, two frequency effects 161 

 

 

 

Table 7.1. The effect of geolinguistic factors on the pronunciation of long <ä>, in which 

Germany is the reference level for nationalect and Low Saxon is the reference level 

for regiolect. The estimates, standard error, t-values and p-values are provided for 

each variable. 

 

                           Est.      S.E.  t-value  p-value  

(Intercept)             71.7 0.459   156  <0.001* 

Nationalect: Austria   5.554 1.111      5.001  <0.001*  

Nationalect: Switzerland  4.534 1.166      3.887  <0.001*  

Nationalect: Liechtenstein  5.077 1.883      2.696   0.007* 

Regiolect: Swabian-Alemannic  8.810 0.867     10.160  <0.001*  

Regiolect: High Franconian   5.668 0.919      6.171  <0.001* 

Regiolect: East Middle German  5.611 0.775      7.243  <0.001*  

Regiolect: West Middle German 6.165 0.712      8.655  <0.001*  

Regiolect: Austro-Bavarian  0.793 0.857      0.925   0.355* 

Regiolect: East Low German  -1.458 0.962      1.515   0.130* 

--- 

Residual standard error: 19.07 on 7245 degrees of freedom 

Multiple R-squared: 0.053,    Adjusted R-squared: 0.052  

F-statistic: 45.73 on 9 and 7245 DF,  p-value: < 0.001 

 

Table 7.1 shows that all nationalects differ from Standard German. Secondly, it shows that all 

regiolects differ from Low Saxon except for Austro-Bavarian and East Low German. Compared 

to the intercept, the t-values are very low, and the R-squared is also very low. This suggests 

that other factors play a role as well.  

  We saw above that older speakers and younger speakers differ in their pronunciation of 

the long vowel <ä>: comparison of the maps illustrates convergence from a more scattered 

distribution to a more homogeneous distribution. We will now investigate whether the age 

differences are significant within the regiolects and natiolects that were distinguished. Since a 

following /r/ has a strong lowering effect on the vowel, I made separate analyses for pre-r 

context and non pre-r context. The results are provided in Table 7.2. 
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Table 7.2. The vowel height and the differences in vowel height between the pronunciation of 

the long vowel <ä> of the younger and older speakers in pre-r context and non 

pre-r context for the regiolects and nationalects.  

 

 non pre-r context   pre-r context 

old young Δ V- 

height 

t-value p-value  old young Δ V-

height 

t-value p-value 

Low Saxon 77.6 79.4 +1.8 1.914    0.056*  60.6 57.0 -3.6 -2.385     0.018* 

East Low German 82.0 77.0 -5.0 -2.336 0.020*  70.2 50.6 -19.6 -5.221 <0.001* 

West Middle 

German 

68.3 70.6 +2.3 1.779    0.076*  62.7 54.4 -8.3 -4.461 <0.001* 

East Middle 

German 

73.8 71.8 -2.0 -1.350 0.178*  57.7 45.9 -11.8 -4.653 <0.001* 

High Franconian 79.4 68.9 -10.5 -5.482 <0.001*  66.8 51.9 -14.9 -4.486 <0.001* 

Swabian-

Alemannic 

70.7 65.7 -5.0 -2.924 0.003*  58.6 52.0 -6.6 -2.420 0.017* 

Austro-Bavarian 

(Germany) 

75.4 75.0 -0.4 -0.228     0.820*  

  

 72.0 67.6 -4.4 -1.731     0.085* 

Austria 81.2 84.0 +2.8 1.311     0.191*  69.4 66.2 -3.2 -0.866     0.389* 

Liechtenstein - -  - -  - -  - - 

Switzerland 64.3 61.4 -2.9 -1.612     0.108*  60.6 44.4 -16.2 -6.865 <0.001* 

Table 7.2 shows that most age differences are significant, except in non pre-r context for West 

Middle German, Austrian, and Switzerland and in Austro-Bavarian in general. For 

Liechtenstein, not enough data were available for an analysis (viz. only one location). In all 

significant cases, in pre-r and non pre-r context, the vowel height for the younger speakers is 

lower than for the older speakers: we witness on-going vowel lowering.  

   In this section, I have shown that long vowel <ä> is subject to ongoing lowering in 

almost all varieties, except for Austro-Bavarian. Further, the distribution of the pronunciation 

variants supports ongoing levelling. Finally, pre-r vowel lowering is pervasive in the change 

and leads the change from [eː] to [εː]. 

7.2 The interaction of frequency and grammar 

The differences described in the previous section make it necessary to carry out separate 

analyses of the different regiolects. However, it turns out that there is a remarkably strong 

similarity in the results between the different regiolects and natiolects regarding frequency 

grammar interaction, which will be illustrated by the case of East Middle German (a general 

overview of all analyses is provided at the end of this section and the complete details of the 

analyses are provided in Appendix D).  
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For each variety, I investigated the following factors: frequency, pre-r context, age, and 

gender, in mixed-effects modelling, in which “subject” was taken as the random variable. The 

strongest predictor for the pronunciation of the long vowel <ä> is pre-r context: the vowel is 

pronounced lower, i.e. more [εː]-like, before an /r/ and higher, i.e. more [eː]-like, before other 

segments. In almost all varieties, we also find frequency effects, except for East Low German 

and West Middle German. Table 7.3 shows the results for East Middle German. Pre-r context 

and lemma frequency, as well as their interaction, significantly contribute to the 

pronunciation of the long vowel <ä>. Pre-r context has a strong lowering effect (t = 6.66). On 

the other hand, frequency seems to have a raising effect on vowel height (t = 3.62). The 

interaction is t = 5.48. 

Table 7.3. Results of the pronunciation of Standard German long vowel <ä> for East Middle 

German. Mixed-effects model for East Middle German, showing the estimates, 

standard error, and t-value for pre-r context and lemma frequency. T-values > 2 

or < -2 are significant. 

 

Random effects: 

 Groups    Name        Variance   S.D. 

 Recording (Intercept) 114.20   10.686   

 Residual              212.48   14.577   

Number of obs: 933, groups: Recording, 50 

Fixed effects: 

                          Est.    S.E.     t-value 

(Intercept)             70.069   1.894    36.99 

rContext                11.676   1.754     6.66* 

LemmaFrequency           0.009   0.003     3.62* 

rContext:LemmaFrequency  0.015   0.004     5.48*

 

Similar patterns were found for all other varieties. Interestingly, an implicational relationship 

exists between frequency on the one hand and the interaction between pre-r context and 

frequency on the other hand: if a main effect of frequency occurs, we also observe an 

interaction with pre-r context; however, the reverse is not always true, since an interaction 

may occur without a main effect of frequency. In East Middle German, other predictors are 

not significant, but in other varieties, age and gender sometimes lead to significant results (see 

appendix D). We will now examine in more detail the most surprising finding of these results, 

namely the fact that frequency effects, when they occur, always interact with pre-r context.  
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In order to better understand the exact patterning of the interaction between frequency and 

pre-r context (and with the other factors), classification trees were produced. Figure 7.2 shows 

the classification tree for East Middle German. The main predictor, indicated by the highest 

node [1], is pre-r context. There are two different interactions between pre-r context and 

frequency. The first is the frequency effect within pre-r context [node 9], which is such that 

words with lower frequency, here ≤ 341 [node 10] have a relatively higher pronunciation and 

words with higher frequency, here > 341 [node 11], have a relatively lower pronunciation. We 

find that HF words change first, so this must be a Type II frequency effect (reduction) or a 

Type III frequency effect (opaque structure). Since pre-r vowel lowering, as argued in §2.1.1, is 

an assimilation rule, and assimilation processes (as a kind of reduction) often show Type II 

frequency effects (see chapter 1: introduction), I claim that the frequency type we observe in 

pre-r vowel lowering is a Type II frequency effect. Remarkably, in other contexts, the relation 

between frequency and vowel height is the reversed. Frequency effects in non pre-r contexts 

are only attested under the gender node [2] in males (node [6]). This interaction is such that 

words with lower frequency, here ≤ 619 [node 7], have a relatively lower mean pronunciation 

and words with higher frequency, here > 619 [node 8], have a relatively higher pronunciation. 

This is the Type I frequency effect. Also in other varieties, Type I frequency effects occur only 

in non pre-r context and Type II frequency effects occur only in pre-r context. There are no 

exceptions to this generalization, although in the other varieties we find frequency effects 

either in pre-r context or in non pre-r contexts. 

   The three common observations across the different varieties are: pre-r context being 

the most important factor, Type I frequency effects occur only in non pre-r context, and Type 

II frequency effects occur only in pre-r context. Besides, age and gender occasionally occur as 

a significant factor. Thus Hypothesis IV (§1.3) is falsified: in one particular case of variation we 

might find different frequency effects. In order to test this hypothesis for all regiolects and 

Austria and Switzerland, I conducted linear regression tests within pre-r context and within 

non pre-r context, with frequency as the independent variable. Table 7.4 (page 164) provides 

an overview for all varieties. 

   Table 7.4 shows that in most varieties, frequency is a significant factor. Further, we find 

that within pre-r context, all significant frequency effects show a negative correlation. So 

higher frequency values lead to lower pronunciations of the long vowel <ä>: a Type II 

frequency effect. Conversely, we find that in other contexts, all significant frequency effects 

show a positive correlation. So higher frequency values lead to higher pronunciations of the 

long vowel <ä>: a Type I frequency effect. So Hypothesis IV is indeed falsified; we observed 

Type I and Type II frequency effects in a single pattern of variation, viz. long <ä> lowering in 

Standard German. Besides, the results show that Type II frequency effects are stronger than 

the Type I frequency effects. 
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Table 7.4. The effect of frequency on the pronunciation of long vowel <ä>: the t-values and 

p-values of the frequency Type I in pre-r contexts and frequency Type II in other 

contexts, for all nationalects and regiolects. 

 

 
Frequency within 

pre-r context 

 
Frequency within 

other contexts 

  t-value p-value  t-value p-value 

Austria  3.701 <0.001*  0.127 0.899* 

Bavarian (Germany)  3.762 <0.001*  2.632 0.009* 

East Low German  0.257   0.797*   0.498      0.619* 

East Middle German  5.568 <0.001*  2.714 0.007* 

High Franconian  2.286 0.023*  2.120 0.035* 

Low Saxon  2.107 0.036*  3.496 <0.001* 

West Middle German  1.189      0.235*     2.097 0.037* 

Swabian-Alemannic  5.863 <0.001*  1.232      0.218* 

Switzerland  5.271 <0.001*  0.122 0.903* 

 

There is an additional finding in the data of Low Saxon regarding frequency. In Low Saxon 

(see Figure 7.3, page 165), within non pre-r context, a three-level distinction is made between 

relatively low-frequency LF words [node 4], moderately frequent (MF) words [node 5], and 

high-frequency HF words [node 6]. The vowels in the LF words and in the HF words have 

approximately the same height (around 80), whereas the MF words have a considerably lower 

mean pronunciation. This points towards a Type frequency effect (opaque structure), as 

defined in §5.5. 

   Summarizing, in this section, we saw that Type I frequency effects occur only in non 

pre-r context and Type II frequency effects occur only in pre-r context. The Type II frequency 

effects in pre-r context are stronger than the Type I frequency effects in other context. Since, 

as we saw in §7.1, the lower pronunciation is the innovative one, the process is the most 

advanced in pre-r vowel lowering. I suggest that pre-r vowel lowering catalyses the change, 

which is gradually shifted towards other contexts. Further, we found a Type III frequency 

effect (opaque structure) in Low-Saxon. 
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Figure 7.3.  Tree diagram of the pronunciation of long vowel <ä> for Low Saxon, illustrating a 

three-level lemma frequency effect (further see text).  

7.3  Usage-based grammatical change 

In this section, I will discuss the results and model them in EPOT. I will argue that over time, 

the prototype of the long vowel <ä> changed several times. This change of the prototype will 

be discussed in §7.3.1. Further, we distinguish well-defined categorical stages in historical 

change, including the ongoing split, which are modelled in §7.3.2.  

7.3.1 Frequency effects and the changing prototype of <ä> 

Unexpectedly, we encountered two different frequency types which are interconnected with 

pre-r vowel lowering. As far as I know, such a phenomenon has not been reported before. 

How can we understand this interaction? How can we model this interaction between rules 

and frequency?  

   The occurrence of two frequency effects within a single process of sound change can be 

understood and modelled in Exemplar Theory. Sequences of mid-front vowels and a following 

r are reduced, first by coarticulation and later by assimilation of the feature [low] (see §2.1.1). 

In pre-r vowel lowering, we witness Type II frequency effects: HF words have higher 

occurrence and thus undergo more reduction than LF words, since reduction is dependent on 
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usage. Each time the word is perceived an exemplar is stored and gradually the number of 

exemplars with the lower [εː]-like pronunciation increases. So, in the initial stage of change, 

there are only exemplars with the representation /eː/, viz. the abstraction/protoype of the 

words Bär ‘bear’ and Dänen ‘Danes’ is supposed to be /beːʀ/ and /deːnən/, respectively. By 

assimilation (Type II frequency effects), the vowel <ä> is gradually lowered in pre-r context, 

thus the newly perceived exemplars will have a lower representation of the vowel. This is an 

ongoing process, in which the number of exemplars with lower representation gradually 

increases. Besides, the newly stored exemplars have increasing lower representations of <ä>. 

The prototype is an abstraction that is continuously adapted during this change and that 

gradually changes /beːʀən/ into /bεːʀən/. Therefore, on the whole, the activation level of the 

vowel [εː] increases, which eventually may force other words, with non pre-r contexts, to 

change as well. This cannot occur, however, if the frequency of these words is high, since their 

representation with [eː] is too strong: it is the LF words with weak [eː] representation that 

change first. The stronger the representation of [εː] becomes, the more words will change, 

according to their frequency. This is a Type I frequency effect, which generally occurs in 

paradigmatic change.  

7.3.2 Grammatical stages 

Although the different historical changes occurred (and still occur) gradually and 

systematically, we can recognize clearly phonological, categorical patterns. Old High German 

had a phonemic distinction, which was merged, then split, and which will probably eventually 

lead again to a phonemic distinction. In addition, pre-r vowel lowering started as a phonetic 

rule, but developed into a language specific (or variety specific) phonological assimilation rule, 

which affects all words with long vowel <ä>, but not always words with <e>, like in East 

Middle German. In order to account for these grammatical different stages, which involve 

different underlying forms and the application or non application of a phonological rule, we 

use Optimality Theory (Prince & Smolensky 1993). The following distinctive stages of the 

grammar can be distinguished:  

I. Old High German: distinction between [eː] and [εː] 
II. Middle High German merger 

III. Neutralization 

IV. Current reversal of the merger 

V. Future phonemic distinction between [eː] and [εː]? 

The Old High German grammar (Stage I) distinguished an /eː/ from the umlaut of /a/, which 

was realized as [ɛː] (see §2.2.1). In Middle High German, merging occurred in favour of /eː/ 

(Stage II), not only with umlauted /a/, but also words that had underlying /εː/ at that time 

(which had developed along other lines, see §2.2.2). This process of neutralization is captured 

by strict domination of the context-free markedness constraint * εː over a faithfulness con-

straint, which I will informally express as IDENT-εː. The vowel [εː] is the most marked vowel in 

German, since it is the only vowel that is long and lax (see §2.2.1). On the other hand, the 

vowel [eː] is not so marked and thus *eː is lowly-ranked, dominated by IDENT-eː. 
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(1) *εː 
 Assign a violation mark to any *ɛː. 

(2) IDENT-eː 

Assign a violation mark to any output vowel that does not 

correspond to an input mid-high vowel. 

(3) IDENT-εː 
Assign a violation mark to any output vowel that does not 

correspond to an input mid-low vowel. 

 

(4) Tableaux for the historical process of merging <e> and < ä> (Stage II), illustrated 

 by the words Bären ‘bear.PLUR’ and Dänen ‘Dane.PLUR’. 

 

 

 

 

 

 

 

 

 

 

 

 

In case of full merger, the prototypes eventually changed to /beːʁɛn/ and /deːnɛn/, respectively 

(Stage III).  

  The current change (Stage IV) of pre-r vowel lowering is captured by a dominating 

constraint prohibiting a mid-high vowel to be followed by an /r/. 

(5) *V[mid-high]r 

Assign a violation mark to each sequence of a mid-high vowel 

followed by an /r/. 

The violating constraint is IDENT-eː. The tableaux that illustrate the process for Bären 

‘bear.PLUR’ and Dänen ‘Danish (people)’ are provided in (6). 
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(6) Tableaux for pre-r vowel lowering (Stage IV). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A major problem arises with the tableaux in (6): it treats <e> and <ä> alike. That means that 

the input /beːʁɛn/ may refer to either Bären ‘bear.PLUR’ or Beeren ‘berry.PLUR’ and /deːnɛn/ 

may refer to either Dänen ‘Danes’ or denen ‘them’. Tableaux (6) predict identical outputs for 

the two words of each of these pairs. In order to see whether pre-r vowel lowering also applies 

to <e>, I measured the vowel height of <e> as well. For each speaker, five <e>s before /r/ and 

five <e>s in other contexts were analysed. The mean height of the interpolated vowels <ä> and 

the mean height of the interpolated vowels <e> of these varieties are provided in Table 7.5. 

Table 7.5.  The differences between long vowel <e> and <ä> in non pre-r context in Swabian-

Alemannic in Switzerland, High Franconian and West Middle German, specified 

for the vowel height of long vowel <e> and long vowel <ä> and the t-values and p-

values. 

 <e> <ä> t-value p-value 

Swabian-Alemannic/Switzerland 82.2 67.8 9.80 < .001* 

High Franconian  81.2 69.8 6.69 < .001* 

West Middle German  81.2 69.8 10.1 < .001* 

Indeed, some varieties turned out to have a contrast between <e> and <ä> (viz. in Alemannic 

Swabian and SSG, in High Franconian, and in West Middle German). Moreover, in East 

Middle German, the mean vowel height of <e> was 71.7 before /r/ and 75.5 before other 

consonants, a difference that is not significant (t = -1.5, p = 0.173). So, in Alemannic Swabian 

and SSG, in High Franconian, and in West Middle German , pre-r vowel lowering does not 

apply to <e> but only to <ä>. In order to differentiate between <ä> and <e>, we thus have to 

assume different prototypes, namely /eː/ and /ɛː/, respectively. 
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   The observed contrast in Swabian-Alemannic, SSG, High Franconian, and West Middle 

German, could have different sources. It could, for instance, be the case that there was never a 

full merger and the underlying form was already /ɛː/. Alternatively, it could be the case after a 

full merger, the subsequent split has already been largely completed in the younger 

generation. In this final state, the underlying form of the long vowel <ä> has been changed to 

/ɛː/. Tableau (6) should therefore be interpreted as an intermediate stage, since the underlying 

form is still /eː/. In the ultimate final stage, probably for all varieties, an underlying contrast 

exists (or will exist) between /ɛː/ and /eː/. This contrast occurs in the prototype and is retained 

in the output. The tableaux are provided in (7). 

(7) Tableaux for pre-r vowel lowering (Stage V). 
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As mentioned above, in East Middle German, a contrast is observed in the application of pre-r 

vowel lowering. The process applies only to long vowel <ä> and not long <e>. This means that 

for East Middle German, we must assume different prototypes in the initial stage, otherwise 

<e> would have been lowered as well. It would be possible, not only for East Middle German 

but also for some other varieties, that after merging, the speakers remained aware of the 

different status of <ä> due to the orthographic distinction between the two vowels (see 

chapter 2). The grammar for East Middle German, in the current stage of the change, has 

IDENT-eː as the dominating constraint, but IDENT-εː is low-ranked. 

(8) Tableaux for pre-r vowel lowering in East Middle German (Stage IV). 
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In this section, we outlined the role of frequency in the changes of the pronunciation of <ä>, 

the change of the prototype, and the different stages of the grammar. We distinguished five 

subsequent stages in the history: (1) a distinction between long <e> and long vowel <ä> in Old 

High German, (2) the historical merger, (3) the initial stage of the current reversal of that 

merger, (4) the current intermediate grammar in which pre-r vowel lowering plays a crucial 

role, and (5) the expected final state after the change. The results were modelled in EPOT. The 

categorically different stages are exemplified by the tableaux. The prototypes, which are input 

for the grammar, change gradually over time, since the exemplar clouds change. The gradual 

increase of new forms leads to change of the abstractions over the exemplar clouds. One 

problem remains, which was mentioned in §5.5: the output of generative grammar is 

essentially categorical. However, the vowel quality that enters the grammar in prototypes with 

subtle phonetic differences, is supposed to also appear as the output of the grammar. This 

problem is addressed in the following section.  

7.4   A restriction on GEN 

We have seen that EPOT can account for frequency effects as long as they are categorical, such 

as in rendaku (chapter 4) or coalescence in Indonesian (chapter 6). In case of the long vowel 

<ä> in Standard German, we face another problem: the variation is not categorical but 

gradient, and the output must reflect the frequency effect. In other words, the gradient 

variation that is found in the prototypes should be reflected in the output as well. The 

difficulty is that, in classical OT, candidates differ categorically from each other. This is the 

common representation in OT (except for stochastic OT (Boersma (1998), Clark (2005)). 

Usually, in categorical processes, this is no problem, in fact, it is desirable that the grammar is 

categorical, as outlined in chapter 1. But especially in case of—gradient—frequency effects, the 

output of the gradually differing segments should be exactly the same as the input. Otherwise, 

the systematicity of the frequency effect will be lost. As argued in chapter 1, it is not desirable 

that frequency information is contained in the grammar itself. How can the gradual frequency 

effects appear in the output, without giving up the categorical character of the grammar?  

In this section, I propose a small adaptation in the grammatical component op EPOT, 

such that the gradiency of the frequency effects is accounted for, but the categorical character 

of the grammar is maintained, and, importantly (see chapter 1) the grammar remains free 

from frequency values. This adaptation is made by restricting GEN. If the grammar worked like 

in classic OT, fine-grained information would be neutralized in the output: time (HF) and 

thyme (LF) would have exactly the same output. We know that this is not the case (Gahl 

2008), and we also know that the phonetic variation is not random but systematic, as far as 

frequency effects are concerned. In order to capture this systematic gradient variation, the 

information that is contained in the input must be realized in the output as well. 

Theoretically, there are two ways to assure that this phonetic detail is maintained from the 

input to the output. One possibility is to make correspondence constraints sensitive to fine 

phonetic detail. Alternatively, phonetic detail may be maintained in the candidates. First, 

technically speaking, it is of course possible to modify constraints and to abandon 

categoricality. The categorical character of the constraints, however, is grounded in 
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categorical perception. As argued in chapter 1, categorical perception lies at the heart of 

generative phonology, and much of phonology is categorical. The fact that frequency effects, 

and perhaps a handful other usage-based effects, such as recency and saliency, overrule 

categoricality, seems not enough reason to abandon the categorical character of the 

constraints. This categorical character of the grammar must be maintained, but in order to 

account for the frequency effects, the gradient differences must appear in the output in a 

systematic way. The alternative is to maintain the fine-grained detail in the candidates. That 

would mean that GEN does not provide an infinite number of candidates like in classic OT—

since the categorical constraints could not make a selection between candidates that 

minimally differ in a gradient way—but generates candidates that are very close to the input, 

in which gradient information of the input is transferred to each of the candidates.  

Restrictions on GEN had previously been proposed by e.g. McCarthy (2007, 2009), in 

so-called Candidate Chain OT (CC-OT). CC-OT was developed to improve on classical OT 

(more specifically to account for opacity, a long standing problem in OT (Kiparsky (2000), 

McCarthy (1999, 2007)) and adds a derivational component to OT, so that candidates are 

generated in a particular order. The first candidate is fully faithful to the input, and successive 

candidates are generated in such a way that each following candidate is minimally different 

from the previous candidate: for instance, in Dutch final -n deletion, <lezən, lezə> (cf. §1.1) is 

the relevant chain. Whereas in classic OT, the constraint *ən] would also be satisfied by the 

candidate <lez>, in CC-OT this candidate is not considered since the chain <lezən, lezə, lez> is 

not correct: [lezə] is the winner and the chain necessarily stops there. The chain <lezən, lez, 

lezə> is also incorrect, since the difference between [lezən] and [lez] is not minimal (two 

segments are deleted). In order to achieve minimally different chains, GEN and EVAL are 

supposed to work in tandem. Crucially, the minimal differences that can change the input are 

still categorical since these are controlled by EVAL.  

I suggest that GEN (as usual) allows for minimal categorical differences between the 

candidates in order to arrive at a certain output and that GEN is blind for non-categorical 

information. GEN and EVAL communicate with each other: when EVAL does not categorically 

change a certain feature, GEN will reproduce the feature with all fine phonetic detail in the 

next candidate of the chain (or may be all candidates that GEN has to produce at once). For 

example, let us consider the word Bär [bɛːɐ] ‘bear’, with the input (as a kind of prototype) 

/bɛːʀ/ (the vocalized rhotic is only pronounced in a particular in coda position, so it cannot be 

the prototype, see §2.1.2). The constraint *ʀ]σ requires GEN to produce the candidates [bɛːɐ] 

and [bɛː]. Due to MAX-IO, the first candidate will win. Crucially, the vowel quality of [ɛː] 
remains unchanged, so the output vowel will be the same as the input vowel. How does this 

relate to the analysis proposed in §7.3? The tableaux in §7.3 represent clearly defined 

categorical stages of the grammar. In between these stages, there is much variation and the 

prototype will slowly change. Change of the vowel occurs as in the phonetics by coarticulation 

in pre-r context. This will gradually add more low representations of the long vowel <ä> in the 

lexicon, which will eventually influence the vowel in non pre-r context as well. The prototype 

is the input and the quality of the vowel is not affected by any categorical constraint. Thus the 

vowel quality is the same for all candidates, and not affected by the categorical constraints.  



One rule, two frequency effects 175 

 

 

 

In this section, I proposed a restriction on GEN, which makes it possible that non-

categorical fine phonetic detailed information on an input segment is transferred to the 

output. Communication between GEN and EVAL restricts the number of candidates that is 

generated and may derive a candidate that differs categorically from the input, when it is 

violated by a categorical constraint. I propose that, for any non-categorical alternation, the 

fine-grained phonetic detail, which is part of the prototype in the richly specified lexicon, is 

maintained in each successive candidate that is generated.  

7.5  Conclusion 

In this chapter, we saw that two well-known frequency effects, which are usually observed in 

different patterns of variation and change, occur together in one case of vowel lowering. We 

investigated Standard German long vowel <ä>, which reflects an ongoing split between <e> 

and <ä>, catalysed by pre-r vowel lowering. In pre-r context, HF words are the first to change, 

but in non pre-r context, HF words are the last to change. This is due to the fact that change 

initially started with pre-r vowel lowering, which is an assimilation rule. In reduction 

processes like assimilation, HF words usually change first. However, in a later stage, long 

vowel <ä> in other contexts becomes subject to lowering as well, which is not assimilation, but 

analogical change, in which HF words have the tendency to behave more conservatively. 

  The results are accounted for in EPOT. We distinguished five clearly different stages of 

the grammar, which were analysed and illustrated in Optimality Theory. The input of the 

grammar is a prototype, an abstraction over the exemplar category of the word or lexeme. Due 

to phonetic coarticulation, ongoing lowering occurs and gradually, the content of the 

exemplar category changes. The prototype is therefore continuously adapted. In order for fine 

phonetic detail, that is part of the prototype, to be maintained in the output, I proposed to put 

a restriction on GEN. I suggested fine-phonetic detail to be transferred from the input to the 

candidates. The grammar itself remains categorical and is blind for these phonetic details. 

This results in preservation of the frequency effect as well as the categorical character of the 

grammar. 





 

 

Part IV 

Discussion and Conclusions 

 
 
 
 

 

If I look upon 

The still mirror of my heart 

What there do I see? 

Is it the same mind as it was 

Yesterday, or is it changed? 

Sen no Rikyu 1522-1591 




