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Abstract

‘In this br1ef paper we out11ne the conceptual and +heoret1ca1
1mp11cat1ons of employing d1fferent functional models of social change at '
ghe commun1ty level. In particular we explore the ramifications of additive,
. multiplicative, and mixed modeis in such®research. Suggestions are made as

*to the apprdpriate'functional forms to be utilized in studies of change.
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_“*Additive, Multiplicative, and Mixed Models
For Studying Community Change

H

e e Introduction

e

e

Inﬁth1s br1ef paper e w111 examine the conceptua] 1mp11cat1ons of
severa] models for study1ng soc1a1 change where the.unit of analysis is the
community. While no new theoretica] or methodotogical ground is broken, we
will rébdmmend a elass of models which infrequently appear in the socio]ogica1‘
literature yet are well-suited for representing social change. Speci?déa]]y
we will argue that it is conceptually reasonable to view social change as-
a contingent process where the initial state of development interagts with

change agents to produce a new stage of deve]opment. Furthermore, we will -

- contend that change agents themselves do not ooerate in isolation, but in a

‘/change in tne *’* 1t variable. Agai: . e

complementary fashion. preducing social change.

‘ie

Some Pre1iminar1es

'1::'

Let us assume that 1nterest 1s“?ocused on explaining change in a

A

: dependent var1ab)e Y over some per1od of time. W1thout 1oss of generality

we will assume that Y is measured on a set of n compunities at two points"
t-1 1

in time: 1ts current value Y and its base per1od va]ue Y Change in Y
is def1ne 7as thc simple d1fference between these twc va]ues, .
-yt . : )
] .
. ‘ a .
ave that there ‘ ‘* & :gents, or
zpenden . (Xk) and that ¢ - < amount of
. 3 the a'mount
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of change in the jth of k independent variables in the ith community,

+

t t-1 o o :
Me: = X5 = X5, . - i =1,2,...,n - (2)
1J 1J N = 1,2,...,k

3Z s
While the basic argument is that AY is some function.of these X, 's, given
our impérfect knowledge it is unlijkely that we can specify the exact
~determinants of AY. It this instance it may be more rea11st1c to assume that

- ‘'one or more important independent variables’ have béen 1nadvertent1y excluded
from the model. The effects of these excluded variables can be summar1zed

~into one term, u . The argument is, then, that change in the dependent
variable is some function of changes 1n a set of 1ndependent vaFiables ---
social change agents --- and a d1sturbance term represent1ng the collect1ve
eFfects of excluded’ var1ab1es (de1et1ng the" commun1ty subscr1pts)

AY = f(AX1, Mas «on s Axk; u) . t - . ‘ §3)

Frmn ths spec1f1cat1on two quest1ons arise. First, what sort of funct1ona1

form shou]d be used to link AY .to the predeterm1n1ng var1ab1es7 Second, 1% .“

the expression on the r.h.s. of '(3) comp]ete,-1n other words, are there
additionalvterms whtch should be 1nc1udedfalong with the predeterTinjng.'
var1ab]es a1ready in the equation? S ‘ ‘

Let us address the Tatter 1ssue first since the remainder- of the paper -

.will be devoted to the former We argue that the r.h.s. of {;) ‘3 not
compl\te because it states that the amount of change in the Zependent var1ab1e
- Js unaffected by the in- tial 1eve1 of the dependent variab’ ¢ t 1 . We'do

not find this assumption very plausible. Rather we believe as a broad principle
;' - that the dmount of change3w111 depend on the state of the community in the

base peripd t-1. For examp1e; it could be’anticipated that'the.degree'ofq

<,
1
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¢ j ;:)
, change in aggregate educat1ona1 atta;nhent in a community 1s inversely
related to "the level q} educat1on in the base per1od It wou]d be expected

. T /
that communities with h1gh_1eve1s of educat1ona1 atta1nment wouﬂd, ceteris

paribus, exper1ence Tess ‘change in educat1on than commun1t1es with lower~
, aggregate educat1on at the initial per1od In.a sensEize:;:;\xggjdég?a
< "ceiling" effect such that_there 1s“an inverse‘relationship between a change
in Y and its 1n1t1a1 value. At a more generaiWTeVe1 we be]ieve that in most
. Situations it wouPd be d1ff1cu1t to argue that the amount of change is
1ndependent”of the base period va]ue of the dependent variabte. ‘ 7
Given this pos1t1on (3) must be re-specified to 1nc1ude the t-1 vaTue

«» of the dependent var1ab1e,

»

aY = £(Y*T5 axe, axe, ... ;_Axk; u) Lo (4) ¢

Now that-the terms in the funct1on haye been 1dent1f1ed, ar atrropridte ferm

to be emp]oyed in ana]ys1s must be seTected

a

Functional -Forms

J &
Linear, Aiud“=*ve Models. The simpliest change model woul~ - ~rass AY as °
. . , . sf
8 a linear, ac. tive “unction of the~1njtia1 value of Y, - han -he
. ‘ independer- ria~ z. and the disturbance t_erm:2
. < - + B1AX; + BéAXz + + BkAXk U (5)"‘_'
s . The .part- o+ 25 of AY with respect to the predeter ... iriables
) ‘ * ’ . /,1
3. Y any - R :
3 ~ =T =T ‘ (6)

k 3y . ) - B

show that the eff ... of the kth-social'éhangé'agent, as denc | b, che partial

LY
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der1vat1ve of AY w1th respect to AXk, IS a’constant (Bk) for all, of the k
‘.1ndependenttyan1abTes>—51m11ar1y, the effect of the base period value of the .
dependent var1ab1e is'a. constant Fur%her the effects of the predeterm1n1ng
variab]es are add1t1ve the effect of an explanatory variable does not
depend, nor is cont1ngent upon __x.of the remaining variables in the mode]
Ihese character1st1cs of the'1inear, additive model are also‘obvious

when (5) is re-writtén so that only the cdrrent value of Y appears on the

Thsoo. ' |
. ' - (
- Yoosat (0+1)YE T b maXy + BalXs 4+ ... + 8 "y
' *
"~ e-'pression shows that after an adjustment is m-. TUte e perio
velof Y, the current value of-the dependent vardat Do itive
“~ination of the’seperate'effects of each of the s:. | - - ;gért;(
In sum, although the )inear, additive node1 has  artair  -ol-
;ance, it iSVrestT%ctive and its implicit underf; - theore: wund: ~ions

a unrea]istic and unacceptab]e Theﬁnode] preser 4 1n (5 states
tha ne ,oc1a1 change agents do not interact with one another, that th-
effecrs_cr these agents are not cond1t1oned by the 1n1t1a1 stata of the
commU“tt , and 1ast1y, thaf the social change effects are constant thro. ut
their nange Since we do not be11eve that ;ny of these three propositio:
‘are rwasonah]e for most studies_of socia]/change, the 1inear,_addtt1ve'ﬁ::alh
is rejected as being a viable representation,

- Mixed Models. Many of the Timitations of the linear, additive mode]

can be rectified by jntroducing multiplicative interaction terms into the .

[ ' . . \ .
function. The interactive model ef social change is composed of a mixture of

A / ¢
additive and multiplicative terms. For simplicity's saké, and without Toss of

/

6
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'genera11ty, let us assume ‘that we are dealing with only tvio 1ndeB;Ldent

change agents, .Xl and AXz3~ and that we be11eve that there are s1gn1f1cant

1nteract1on effects among Ay, MKz, and Yt -1
AY = a+ IYET 4 gAKy - sacs - 3y YR
+ 03 (X1 ) (2, - - ax- T

Here 81, £2, and T are the "mz°

action parameters. In thismc.. ws -avz i+« . oo
~teracticns as well as the t-rae-wa inter - TAR Y,
2 interactions between AX; and "*" and bar-z .. and
ne three-way interaction, are especizlly r=° n man

W

he state of.th%;comnunity in the base perioc «r ~: provide.

o
for social change. For exmnp]e, ifyY - s the ~~ver orate, G

1arge value at t-1 may encourage the 11tr0cuc ior -f social

- ezksz !

-
e ~wa.

anc Yt~

5 well as

21 ~roducing. change in Y, whence

ances it is

“2 stimulus
. .~ticularly

:nange aqrts

des1gned to reduce the sever1ty of the prob]eﬂ -n thisfexample there would

be interaction mong these agents and the level :f poverty in tne base
{

(2

per1od t- 1 In fact, any time change in the‘su;i!]}Chéﬂ?e agentS‘is\

~

Stjmu]ated'éy Ehe initial level of the depenaent variable, there exists

interaction effects such as these. N

0

\

by 1nspect1ng the part1a1 derivati ‘es of (8)

%, T+ 01(AX;) + 02 (AXp) + @u(Axll(AXz) -

" —x—gﬁYl = 81+ 01 (r"T) + og(ax) + ou(axo (YT
i B2 + 02 (Y Y w G +e(e v

: \ > )

v’ » '\ /

S o

Some of the conceptual 1mp]1cat1ons of zhis. mixed mode]l are revealed
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1

t‘gwe11 as the :zate of =ne community .n e base period, z-1. While mixed’

: /J N ) o —: ‘ ’ ;_ . ‘. X N
. .t - . -
(9) shows *°~ v eftect'of the ba: ericd vaIUe-of w2 dependent
var%ab]é e - aries accordi - the.ra]ues 0" K1,.8Xz, and
the1r interac. . “'iarly,:(WO) .. 25 that the effe:t\of the first N
1ndependent va' iabl- -AY/BAX;)BiS “ear combinatior of a constant and
. the effects o 2y ‘]; and the '“”**aetion betweer _.{; and Yt -1 .Likewise,
(11) shows th: ‘he ef-ect of the c==z» sbeial chanz= 3gent‘1s-a 1inear
function of;i i their ir==r=-tion.. : P
In mix:  coels it dis clear]y —mniz:sible, as shown by these partid]l
derivative: ciscuss the effects ~ :ese socic. cnege agent without:
simu%taneoe consicaring the valu:: the other socta] change agents as

~

models are attractive, there is another set of interactive models which’
. N c .

also(mer1t cons1derat1on S s ) L E

Mu1t1p11cat1ve Mode]s Fully mu1t1p11cmt1ve mode1s, a1s<\known as Cobb-

Douglas mode]s, pos1t that the dependent variab1e~1s{a mu1f1p11cat1ve,

k2

' comp]ementary furct1on of the predetermining var:ables in. the mode1 rather

than an add1t1ve comb1nat1on of "main" effects and 1nteract1ons "Again
restr1ct1ng attent1on to the s1tuat1dp where there are only two 1ndependent

varfables, the mu1t1p11cat1ve model of change would be

2

DAY = (Y“ (A%, )Bl sz)B2 . | L (2)

: ‘ <y
v i . ! .

The coefficients of this_ model have a straightforeward 1nterpretation as

e]ast1c1t1es T is the Qercentag change T AY ass&c1ated with a 1% change
in ‘the base per1od ~value of Y. S1m11ar1y By is the percentage change in AY
that would r - 1t from al% change in AXk A]so 1t shouTd deenoted that the

sum of. the o ~ameters of the soc1a1 change agents indicates whether AY changes

P

/‘ . R \ - 4.



at an.jncreasing (|8;+3,] > 1) or de¥reasing (181+82] < 1) rate for changes -
in the two change agents. to ' o % ’

- & -

- As can be seen from the part1a1 der1vat1ve;~of (12), the effect of any

one variable in the %ode] 1s dependent upon the rena1n1ng’var1ab]es,

—— . . €=

¢/ including the scaling factor (a):

. " N ) ‘ " . .
o = @O e ) v e
v g/[i—)Y( = (a)(Jt_])F(Axl)BI(Bz)\(AXz)BZ_] . A : (15)‘

“/-\ L4 - . R - -
Comparing (13)-(15) with those of the mixed model, (9)-(11), shows that
' . 1 = X :
1n both'models the effects of each predetermining~var1ab1e on AY are

cond1t1oned by the remaining var1ab1es in the mgdel. The major difference - (
7

is that in the multiplicative.model the effect oi‘in; one var1ab1e is ”
dependent on the interaction among all other predeterm1n1ng var1ab1es

" whéreas 1n the mixed mode] the effect is dependent upon an add1t1ve function

A g

A
of main effects and 1nteract1on effects. \\'

‘,

by

#While the multiplicative model has certain attractive features, such as

_the/interpretation of its parane}ers as elasticities, it does brjng intp .
fdcus certain dssues whtch denand»cohsideratton “Ftrst Asince the model states
that the process generat1ng change 1n Y is s1mu1taneous1y cont1ngent_upon
‘all of the predeteh%1n;ng var1ab]es in the equation, the 1ack of change in |
any one of the var1ables will produce no chand% in the dependent var1ab1p
‘TThuk as (12) shows»ﬂf‘théke 1s~no change in either of the soc1a1 change |
agents, gr if the base period vaTue of the dépendent var1aB]e is zero, change

~~~— 1 N
inY w1]1 also be zerd Th1s may or may not be a resondb]e spec1f1cat1on /) -
. ’ Al N .~ 4 d

L~ -t EY - e . 0
FRIC " -+ o L o )
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¢
£ dependingvon theﬁéocioTogical context‘of the researcn, Second, the model
. ) : Sk

does-present some difficulties in estimation which can be shown by taking
\ - R * .

:(]2) and so]vtng.for'the current value of-Y,’

4

» S LR G (B A RN L A LN B ST ae)

This function is intrinsically nonlinear and can not be easily estimated .

A,
without enp]oy1ng an iterative nonl inear est1mat1on solution.

.
-

://// o An Alternative Spec1f1£at1on
.; . % ‘ - 4

> ’ & ! - - ) - : b t
It could be aygued that cunnun1t1es are in a more-or-less constant !
. . . v .

..prbeesdlof‘change. If this position\is assnmed, then we may be 1ntenested

in discoyerdng/the]reaSOns why connmnities'chenge at different rates. Téaﬂ 7 ,

is, %ﬁ%t are the determining factors whicn 1nf1uence the rate of community
change. Now the approgr1ate dependent var1ab1e is no. 1onger AY, but o g
‘ng /Y ), the rate of change in Y p]us one). 3 Clearly we cou]d expngss

, L5
4 the rate_qf change as a linear, add tive funct1on of the predeterm1n1ng
s oL N
.~ variables in a model simtlar to (5, " but such a model would have the same
' . . - ; .‘ . 4‘
conceptua] 1imitations as discussgd in regard to (5), .

L
As a better f1rst approx1mat1on we couId apply the mixed mode1 to this

~

new, dependent var1ab]e . /

- \/( YEAET <k vt a, Babky * Balka + 03(81) D) + e (axa) (v8)
. ) . . . R ':f' @3(AX1 '(AXz + @u AXE A’Xz)(Yt-J) +u . - - (]7)

pr
CRE ‘: .
Y N .
. ' ‘ - ’ .«‘ ! ’

In, th{s form we a}e arguing thdt the rate of thange'in Y is a function of
. the. spcial change agents, the base per1od va]ue of Y,. and the 1nteract1ons
among ‘these predetenn1n1ng variab?es /The part1a1 der1vat1ves of th1s mode]

. . ;
- +swould he similar to those presented 1n (9)-(11) - and w111 .not be presented




€

A

{ 9- o
‘ < ,\\‘ s . “
e T R ‘ '3
kere. It is 1nstruct1ve to take (]7) and solve for the current value of _ ‘
y: o ° S - g
| £ 1 1, ] 1 :
8= a8 Ty e (T 4 e () () + g (axJ(rETY R o
I 7 x entaxa )02 4 o (axp) (YT)2 4 eaw,xl)(/sx’z)(vt‘.‘.) |
' S F o (X ) (ax) (vEH2 4y | (18)

N~ - !

wherekv = (Yt’]) "(18) shows that the m1xed mode] of change 1mp11es that\the

ER

cusrent value of the dependent var1ab1e is a- funct10n of the interaction of
yt- with each of the predeterm1mng variables. This fu‘ther 1mphes that Yt

t-1

is not’on]y affected by ‘the 11near effects of Y but also the quadrat1c ;

'effects This may or may not be a reasonab]e spec1f1cat1on of the process

by wh1ch current va]ues of the dependent var1ab1e are generated but 1n any

'regard this spec1f1cat1on appears to be so complex as to inhibit a sfmple

C
3ubstant1ve interpretation of the que] s parameters

L

If we apply the fu]]y mu1t1p11cat1ve funct1ona1 form to this dependent

var1ab1e,

b Ytt/Yt T v 1 AX1)“1(AX )82 D + (19)

-

and then solve for the current value of Y, T ?@

A} ~ . ‘ ~
Beo e B B 0 (20)

. ‘ =, \
we find that r is the percentage increase 1n the. rate of change for a 1%° °

change in the base period v Balue yet‘(r+1) is the percentage change in the
A |
current value -of Y given a 1% change 1h~Yt -] 4 Thus we ¢dn read11y expressv

the effect of the injtial per1od either in terms of the rate of change v fi

\’/~\YY /Y or the current va]ue Y Fhrthermore a compar1son of- these two

—

7

equations shows that Bk is the percentage change 1n e1ther (Y /Yb_]) or Yt. “

+ A
. 5

. .
. . ~ R -
’ - 5. ) ?

\) . N ‘ ’ .
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’Hence we can read11y 1nterpret the parameters of (19) e1ther in terms of

[ IS

o the rate-of change Tn the dependent var1ab1e or in terms of the current

Yy ’ : {0
va]uexof Y. In e1ther of(these 1nstances the parameters reta1n the1r« o

4.

r_1nterﬁgetat1on as the percentage change in the dependent var1ab1e resu1t1ng

;Afrom a ﬁ% change in the predeterm1n1ng var1gb1es E , L ¥ S

e
l ) ‘- )

-

SR , ‘ ’ . o Lo T -
S B C6nc1udinngomments o 3 : j&? ’
. ! : {A

»  We hqge out11ned the features of three funct1ona1 Tbrms wh1ch cou]d be
used to study community change MQK;:i/by no means exhaust1ng the potent1a1
forms wh1ch could be employed, thes& thiree have simple mathemat1ca1 ’%

propert1es wh1ch 1end themselves to ana]ys1s Regagd]%ss of the functipnal

',pf“rm chosen we argued that the base per1od valmggpf the dependent variable

: e
should be 1nc1uded as one of the predeterm1n1ng var1ab1es in the mode] >

We noted that researchers may be 1nterestad 1ﬁ'e1ther of two types of

‘var1ab1es the amount of change 1n a depen Qthar1ab1e, AY or the‘rate

t'J

'of change 1n the dependent var1ab1e Y . Regard]ess of which variable

q

is of 1nterest though the 11near add1t1ve mode1 has little to recommend

DN

1ts use A]though it is eas11y est1mated and 1ts parameters have a stra1ght-

s forward 1nterpretat1on, this mode] is far too restr1ct1ve and 1mp11es

unreasonab]e conceptua] limitations on the ana1ys1s If the researcher is
'@ -
1nterested in the amount of change (AY), then»a "mixed" model seems to be

a reasonable functional form to-be employed. In this formulation the amount

1

of change is-expreSSed as a function of the "main" effects of the pre-

- determining var1ab1es ‘and their 1nteract1on terms on the other hand, if

.-

‘interest is on the rate of changeé, the mu1t1p11cat1ve form may be more

des1rab1e In th1s mode1 .the L/te of change }; determined by the Jo1nt

N
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B intgractidn among a]]‘thE‘prEdEtermining.variab]es. One added aavantage of |

this specificétion'iﬁ that its parameters have a simple intefpretétioﬁ'asu

-~
.

~

. ins the prede§gpn1n1ng variables. - “

, Wh11e ﬁt would be 1mposs1b1e for us to spec1fy=a su1table runct1ona1
~ form xhaf is applicable -to al¥ supstant1ve research prob]ems, the mixed
' and md]tfpliéative‘modeTs‘§ééﬁ“1fké reasonabTe choides fof‘é\wideGVariety

» of research problems.

“the'péréentagevéhahge'ﬁn the deﬁendenthariéble;résu1tﬁng from a 1% change

N
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(5 : ) , .

. . L~ . "_» . } . N ) . / .
]w1thout loss of genera11ty ‘the arguments presented here can Ze// \
extended to models with jointly- dependent variables as well“as m:d 1s
involving more than two points in'time. If there are mu1m)p1e points in

'”t1me the estimation of the models discussed here are co p11ca;éd See -
v Ner]ove s (1971) paper: for a discussion of the est1mat on oﬁ/é t1me

;5>sernes of cross sections. .o« . . e
a2 : o D : v /m/ g ,
~ 47 CIf we wish to estimate;(5) we run immediately irnto the problem of

Y appearing on both sides of the equation.’To estﬂmate this mode] we
first rewrite the function so]v1ng for the current/Va1Ue of Y: *u

t %

Y* =qa + (F+] + BIAXI + BzAXz /// +‘BkAXk + U .
If Yt'] is considered a fixed exogenous fasﬁ then this equation can be
estimated directly and the parameters of % can be eas11y retrived. If Y t-1 .
is endogenous, however, it will be quite/ 4ke1y that there will be a
correlation between. its value ani iche d1 turbance term thus rendering

‘\\ ordinary least squares estimates inco néistent. For a discussion of this
issue we any standard econometr1c//fe£t such as#kmenta (1971) or Theil (1971) -

S v
. ,7/ - :
3The rate of change is def1ned as: AY/Yt' . Since

vyt - (T yis ])/Yt 1. Y}/Yt oy,

we find that (Y /Yt ]) is the rate of change in Y plus one:
fY/Yt ) = (avyt ‘) b1l S

- [
- For” ‘an example of a study us1ng this type of dependent variable see Greenwo d! S
4(1 75) 1nvest1gat1on of urban m1grat1on

B >
! ' ~
/o . ~ f

4?0 estimate (19) we. take the natura] logarthm of (20),

1n Y = 1ln a + (F+] 1n(Y + Blln(AXI) + Bz]ﬂ(AXz) + e

/ ’ ' )
' where e = 1n u. If Yt -1 is a fixed exogenous variable this equation’ ‘cambe
estimated using ordinary least squares. See note #2 for a:further discussion
of this point and Greenwood's (1975) study of m1grat1on for an 111ustrat1on
' of the usage of this functional form. - .
- : . \
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