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al development of periphrasti
-do 
onstru
tions in English is 
onsideredin �ve di�erent senten
e types. This synta
ti
 
hange is viewed in all 
ontexts as atwo-stage 
hange, whi
h motivates the 
hoi
e of �tting 
urves to the data 
olle
tedby Elleg�ard. Very good �ts are obtained simultaneously for all senten
e types.1. INTRODUCTIONThe histori
al development of periphrasti
 do in di�erent types of Englishsenten
es is well-do
umented in (Elleg�ard, 1953), where the periphrasti
-do
onstru
tion is analyzed in 107 texts between 1390 and 1710. Elleg�ard's ex-amples illustrating this synta
ti
 
hange 
an be found also in (Kro
h, 1989a,1989b), (Ogura, 1993), and (Vulanovi�
, 2005, to appear). These papers useElleg�ard's data to dis
uss the 
hange further. Kro
h (1989a, 1989b) andOgura (1993) give plausible linguisti
 explanations of the development ofperiphrasti
 do in di�erent types of senten
es. Vulanovi�
 (2005) uses hisgrammar eÆ
ien
y model to 
on�rm Elleg�ard's hypothesis that emphati
do in
uen
ed the development in aÆrmative de
larative senten
es. In thistype of senten
es, periphrasti
 do initially in
reases up to about 10% andthen de
reases and almost disappears. This behavior is di�erent from what
an be observed in other senten
e types (negative de
laratives, negative im-peratives, and aÆrmative and negative questions), where the data show agradual S-shaped in
rease in the proportion of senten
es with periphrasti
do. Be
ause of the S shape, the simple logisti
 
urve 
an be used to �tthe data and this is done in (Kro
h, 1989a, 1989b) (see (Kro
h, 2001) aswell) and (Ogura, 1993). Kro
h and Ogura do not 
onsider any other �tting
urves and do not provide any �t for the aÆrmative-de
larative data. This isdone in (Vulanovi�
, to appear), where two di�erent approa
hes are su

ess-fully applied. Both approa
hes are based on some appropriate modi�
ations1



of the simple logisti
 
urve. This 
urve solves the logisti
 di�erential equa-tion with a 
onstant 
oeÆ
ient k. When this 
oeÆ
ient is repla
ed with afun
tion of time, k(t), the resulting solution is a generalized logisti
 
urve.k(t) is a linear fun
tion in (Altmann, 1983) and (Best et al., 1990), whi
his suitable for �tting reversible linguisti
 
hanges, and is therefore used in(Vulanovi�
, to appear) as well. The other approa
h in (Vulanovi�
, to ap-pear) starts from the logisti
 di�erential equation with a pie
ewise 
onstantfun
tion k(t). This gives a 
urve whi
h is a 
ombination of two simple lo-gisti
s, an in
reasing S-shaped 
urve followed by a de
reasing one. Whenthe 
urves are linearized, the method is equivalent to the linear regressionwith an unknown 
hangeover point (Seber, 1977:p. 208). The same kind of
ombination of two logisti
 
urves is used also in (Imsiepen, 1983) to modelthe development of e-epithesis in strong German verbs.Sin
e the periphrasti
-do data in di�erent 
ontexts have been �tted sep-arately so far, our interest here is to �nd a unifying �t. One of the methodswe use is the 
ombination of two simple logisti
s, applied this time to allsenten
e types, not just to aÆrmative de
laratives like in (Vulanovi�
, toappear). We investigate also another possible 
lass of �tting 
urves, thosearising from the logisti
 di�erential equation with a quadrati
 
oeÆ
ientk(t). This too is 
ombined with a 
hangeover point. We show that theseapproa
hes provide e�e
tive �ts to all periphrasti
-do data simultaneously.In se
tion 2, we present Elleg�ard's data and dis
uss the generalized lo-gisti
 di�erential equation and its solution. Se
tion 3 
ontains the results of
urve-�tting. We �nish with a brief 
on
lusion.2. ELLEG�ARD'S DATA AND THE GENERALIZEDLOGISTIC CURVETable 1 is based on the data from Table 7 in (Elleg�ard, 1953). Like in(Vulanovi�
, to appear), the Elleg�ard's thirteen periods are redu
ed to elevenby merging together the original �rst and se
ond periods, as well as thelast two ones. This is done be
ause Elleg�ard 
onsiders fewer texts in theseperiods. Like Ogura (1993), we in
lude negative imperative senten
es in thedis
ussion. They are not 
onsidered in (Kro
h, 1989a, 1989b). Kro
h andOgura distinguish between di�erent types of aÆrmative questions, but thereis no need to follow their suit here.Table 1 is represented graphi
ally in Figure 1. The time 
oordinates ofthe plotted points are the midpoints of ea
h of the eleven periods. All thegraphs and statisti
al 
al
ulations in this paper are done in R, a publi
-domain statisti
al programming environment.2



Period AD ND AQ NQ NI1390{1425 0.0003 0. 0. 0.118 0.1425{1475 0.0027 0.012 0.042 0.080 0.0111475{1500 0.0178 0.048 0.070 0.111 0.1500{1525 0.0138 0.078 0.227 0.590 0.1201525{1535 0.0263 0.137 0.324 0.607 0.1535{1550 0.0815 0.279 0.449 0.750 0.1550{1575 0.0932 0.380 0.563 0.854 0.0931575{1600 0.0634 0.238 0.603 0.648 0.0641600{1625 0.0304 0.367 0.692 0.937 0.3531625{1650 0.0294 0.317 0.829 0.842 0.2381650{1710 0.0136 0.544 0.825 0.941 0.738Table 1: Proportion of periphrasti
 do in all senten
e types (AD = aÆrma-tive de
larative, ND = negative de
larative, AQ = aÆrmative question, NQ= negative question, NI = negative imperative)It 
an be observed that the proportion of periphrasti
-do 
onstru
tionsshows a generally in
reasing trend in all non-AD senten
es, but there is aslow-down, or in most 
ases even a de
rease, around 1560, exa
tly at thesame time when periphrasti
 do started its de�nite de
line in aÆrmativede
laratives. The 
hange in ea
h senten
e type 
an therefore be viewed asa two-stage 
hange. This motivates some spe
ial 
hoi
es of the 
oeÆ
ientk(t) in the generalized logisti
 di�erential equation. This equation isdp(t)dt = k(t)p(t)[m� p(t)℄; (1)where p is the proportion of the nas
ent linguisti
 form (or a 
onstru
tion),whi
h is a fun
tion of time t, t � 0, andm is a 
onstant, 0 < m � 1, indi
at-ing the maximum value that p approa
hes. Sin
e m� p is the proportion ofthe old linguisti
 form whi
h is being repla
ed with the new one, equation(1) means that the rate of 
hange of p is dire
tly proportional to the amountof both new and old forms and their intera
tion. The solution of (1) isp(t) = m1 + exp [�K(t)℄ ; K(t) = m Z k(t) dt: (2)The linguisti
 
hange des
ribed above is known as the Piotrowski Law or3
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Figure 1: Table 1 data represented graphi
allythe Piotrowski-Altmann Law. Altmann (1983) distinguishes between threekinds of 
hange:(i) 
omplete 
hange when m = 1 and k(t) = 
onst.,(ii) partial 
hange when m < 1 and k(t) = 
onst., and(iii) reversible 
hange when k(t) is a linear fun
tion of t.Cases (i) and (ii) lead to the simple logisti
 
urve and 
ase (iii) to a gen-eralized one. Case (i) suÆ
es for �tting the non-AD data (Kro
h, 1989a,1989b; Ogura, 1993), whereas (iii) with m � 0:1 is suitable for the 
hangein AD senten
es (Vulanovi�
, to appear). Sin
e our interest here is to usethe same 
lass of fun
tions to �t all senten
e types, we keep the two-stagenature of all periphrasti
-do 
hanges in mind and 
onsider this as a fourthkind of linguisti
 
hange. A two-stage 
hange 
an be reversible but it also
overs the 
ase of two in
reases separated by a short period of stagnation orde
line. Therefore, the pie
ewise-
onstant 
hoi
e for k(t), whi
h has alreadybeen 
onsidered in (Vulanovi�
, to appear) for AD senten
es, is a natural4




hoi
e for all two-stage 
hanges. In this approa
h,k(t) = ( k` if t � Tkr if t > T ; (3)where k` and kr are two 
onstants and T is the time 
oordinate of the pointwhere one simple logisti
 
urve is repla
ed with another.Another 
hoi
e of k(t) for a two-stage 
hange is that of a quadrati
fun
tion, k(t) = 3At2 + 2Bt+ C; (4)so that (2) be
omesp(t) = 11 + exp[�(At3 +Bt2 + Ct+D)℄ ; (5)where D is an integration 
onstant. The 
hoi
e in (4) is attra
tive be
ause ofthe following possible interpretation. If we assume that A > 0 and that theparabola (4) has two t-inter
epts, then k(t) 
hanges its sign from positiveto negative and then again to positive. Be
ause of this, it follows form (2)that the sign of dp(t)=dt 
hanges in the same way (assuming the solutionp(t) stays between 0 and m). We 
an therefore expe
t that p(t) 
hangesfrom in
reasing to de
reasing and then ba
k to in
reasing. This is exa
tlyhow most of the periphrasti
-do data look like.3. THE FITSWe 
onsider in this se
tion two main �tting methods based on (3) and(4) respe
tively, with an additional variation of the latter. Within ea
hmethod, all �tting 
urves are obtained simultaneously with m = 1 using thegeneralized-linear-model fun
tion in R with the binomial family linked tothe logit fun
tion. The dependent variable is a two-
olumn matrix whose
olumns 
ontain proportions of senten
es with and without do for ea
h yearand ea
h senten
e type.Fit I. We use (3) with the 
hangeover point T set at the seventh mea-surement point in time. This is somewhat di�erent from what is done in(Vulanovi�
, to appear), but is simpler. The 
hangeover point is introdu
edvia Indi
ator, a variable set equal to 0 for the seven initial values of t, andto 1 after that. We get a very good �t to the data with the 
oeÆ
ient ofdetermination R2 = 0:96 for the entire model. This value is in
luded in5



Fit All AD ND AQ NQ NII 0.96 0.89 0.91 0.96 0.93 0.91II 0.95 0.73 0.91 0.99 0.88 0.87IIa 0.97 0.92 0.94 0.98 0.94 0.90Table 2: R2 values (All = 
omplete model; values for separate senten
e typesare obtained from the appropriate subsets of the data after the �t was foundfor the whole model) Df Dev Resid. Resid. FDf DevNULL 54 20932.3year 1 6557.3 53 14375.0 6557.27type 4 8274.0 49 6101.0 2068.50Indi
ator 1 1161.5 48 4939.6 1161.46year:type 4 659.2 44 4280.4 164.79type:Indi
ator 4 103.4 40 4177.0 25.86year:Indi
ator 1 3236.1 39 940.9 3236.11Table 3: F -tests for the predi
tors in Fit I; Pr(> F ) <2.2e{16 in all 
ases(type = AD, ND, AQ, NQ, NI; Indi
ator = 0 for year � 1562:5 and 1otherwise)Table 2 together with R2-values for other �ts and for all individual senten
etypes. The smallest R2-value in ea
h �t is boldfa
ed.Table 3 presents the results of F -tests for the predi
tors in the model.All predi
tors are highly signi�
ant. A visual impression of the �t is shownin Figure 2. Ea
h 
urve is a 
ombination of two logisti
s of type (5) withA = B = 0. The 
oeÆ
ients C and D are given in Table 4. We emphasizeagain that the �t was obtained for all 
urves simultaneously.Fit II. This �t is based on (4). Table 2 shows that the results are now worse,parti
ularly for AD senten
es. Be
ause of this, we 
onsider the followingmodi�
ation.Fit IIa. A 
hangeover point is introdu
ed at the third measurement point6
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Figure 2: Fit Iin time be
ause the data 
hange very little up to that point. Like in FitI, this is done via Indi
ator, whi
h is this time set equal to 0 for the threeinitial values of t, and to 1 after that. Table 2 shows the best R2-values.All predi
tors are again signi�
ant, as indi
ated in Table 5. The graph ispresented in Figure 3 and the 
oeÆ
ients for ea
h 
urve, 
onsisting of twotype (5) 
urves linked together, are given in Table 6. Like in Fit I, Indi
atoris used so that its two values a�e
t only the 
oeÆ
ients C and D. Noimprovement is a
hieved when we let all 
oeÆ
ients 
hange.4. CONCLUSIONOne of the 
ontributions of this paper is the introdu
tion of a new kind oflinguisti
 
hange to 
omplement Altmann's (1983) 
lassi�
ation based onthe logisti
 
urve. To Altmann's 
omplete, partial, and reversible 
hanges,we add the two-stage 
hange, inspired by how the graphs of periphrasti
-dodata look like in Figure 1. Around 1560, all senten
e types ex
ept aÆrmativequestions show a de
line in the use of periphrasti
 do, from whi
h onlyaÆrmative de
laratives do not re
over. The �ve developments 
annot be7



Indi
ator = 0 Indi
ator = 1type C D C DAD 2.92e{2 {47.78 {1.40e{2 19.47ND 5.10e{2 {79.79 7.85e{3 {13.39AQ 5.09e{2 {78.66 7.70e{3 {11.59NQ 5.31e{2 {80.47 9.89e{3 {14.49NI 7.08e{2 {112.60 2.76e{2 {45.44Table 4: Fit I { 
oeÆ
ients C and D in formula (5) (A = B = 0)des
ribed by one linguisti
-
hange 
ategory of Altmann's, but they all fallwithin the new two-stage type.The 
hange in periphrasti
 do is a single synta
ti
 
hange with �ve man-ifestations in di�erent senten
e types. It is therefore natural to �t all �vedevelopments simultaneously. We a

omplish this by using 
urves (2) withm = 1 and with either pie
ewise linear or 
ubi
 fun
tions K(t), whi
h aresuitable for �tting two-stage linguisti
 
hanges. The resulting �ts, obtainedfor all 
urves at the same time, are very good. By 
onsidering an overallmodel like this, we do not fo
us on individual 
urves and we avoid the dangerof over-�tting them.Referen
esAltmann, G. (1983). Das Piotrowski{Gesetz und seine Verallgemeinerun-gen. In K.-H. Best & J. Kohlhase (Eds.), Exa
te Spra
hwandelfors
hung(pp. 54{90). G�ottingen: Herodot.Best, K.-H., Be�othy, E., & Altmann, G. (1990). Ein methodis
her Beitragzum Piotrowski-Gesetz. Glottometrika, 12, 115{124.Elleg�ard, A. (1953). The auxiliary do: The establishment and regulationof its use in English. Sto
kholm: Almquist & Wiksell.Imsiepen, U. (1983). Die e-Epithese bei starken Verben im Deuts
hen. InK.-H. Best & J. Kohlhase (Eds.), Exakte Spra
hwandelfors
hung (pp.119-141). G�ottingen: Herodot.
8



Df Dev Resid. Resid. F Pr(> F )Df DevNULL 54 20932.3year 1 6557.3 53 14375.0 6557.27 < 2.2e{16year2 1 3999.5 52 10375.6 3999.48 < 2.2e{16year3 1 32.5 51 10343.0 32.51 1.2e{08type 4 7864.7 47 2478.3 1966.18 < 2.2e{16Indi
ator 1 175.7 46 2302.6 175.72 < 2.2e{16year:type 4 931.6 42 1371.0 232.90 < 2.2e{16year2:type 4 221.5 38 1149.5 55.38 < 2.2e{16year3:type 4 58.8 34 1090.6 14.71 5.1e{12type:Indi
ator 4 48.3 30 1042.3 12.08 8.1e{10year:Indi
ator 1 486.6 29 555.7 486.65 < 2.2e{16Table 5: F -tests for the predi
tors in Fit IIa (type = AD, ND, AQ, NQ, NI;Indi
ator = 0 for year � 1487:5 and 1 otherwise)Kro
h, A. S. (1989a). Fun
tion and grammar in the history of English:Periphrasti
 do. In R. W. Fasold & D. S
hi�rin (Eds.), Language 
hangeand variation (pp. 133{172). Amsterdam: John Benjamins.Kro
h, A. S. (1989b). Re
exes of grammar in patterns of language 
hange.Language Variation and Change, 1, 199{244.Kro
h, A.S. (2001). Synta
ti
 
hange. In M. Baltin & C. Collins (Eds.),The handbook of 
ontemporary synta
ti
 theory (pp. 699{729). Oxford:Bla
kwell.Ogura, M. (1993). The development of periphrasti
 do in English: A 
aseof lexi
al di�usion in syntax. Dia
hroni
a, 10, 51{85.Seber, G.A.F. (1977). Linear regression analysis. New York: Wiley.Vulanovi�
, R. (2005). The rise and fall of periphrasti
 do in aÆrmativede
laratives: A grammar eÆ
ien
y model. J. Quantitative Linguisti
s,12, 1{28.Vulanovi�
, R. (to appear). Fitting periphrasti
 do in aÆrmative de
lara-tives. (paper presented at QUALICO 2003), J. Quantitative Linguisti
s.9
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Figure 3: Fit IIa
Indi
ator = 0 Indi
ator = 1type A B C D C DAD 3.05e{6 {1.48e{2 23.83 {1.27e+4 23.97 {1.29e+4ND 3.32e{6 {1.59e{2 25.39 {1.34e+4 25.53 {1.36e+4AQ 1.98e{6 {9.57e{3 15.28 {8.08e+3 15.42 {8.29e+3NQ 2.00e{6 {9.55e{3 15.04 {7.83e+3 15.17 {8.04e+3NI 5.93e{7 {2.99e{3 4.92 {2.66e+3 5.06 {2.86e+3Table 6: Fit IIa { 
oeÆ
ients in formula (5)
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