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ABSTRACT

Technological progressis considered a source of growth and productivity
gainsfor national economies. Thus, understanding the factors that determine
the diffusion of new technologies across countries is important to
understanding the process of economic development. This project therefore
Investigates whether technologica revolution has revolutionary economic
consequences and in particular, is economic productivity growing at a much
faster rate today, and if so, will it continue to do so in the future? Using the
dynamic panel data methodology, emerging evidence from African
economies will be revealed.
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BACKGROUND AND RESEARCH PROBLEM

It isvery evident that differences in the sandard of living lead to large difference
ion qudity of life. However, it is very gpparent that the underlying reasons for
such large differences are. It is therefore not surprising that governmentsin al
countries (developed and developing) here shown in agreet interest in and are
placing high hopes on modern information technology. Could it provide poor
countries with the short-cut to prosperity by alowing them to bypass some bases
of development in the conventiona long-lasting and bet- tightening process of
gructurd change from an agrarian to an indudtrial and ultimately to a knowledge

based services economy? (World Bank 1998)

The views on the possible impact of the information revolution on African
Countries can be grouped in two opposing schools of thought. The first school
predicts that as African countriesin cur asincreasing ‘technologica deficit', the
wefare gap between them and the industriaized world would increase. That is,
Africarisks further reduction in its ability to generate the resources necessary to
accelerate its growth rate and reverse the trend of increasing poverty. Another
school believes that informeation technology may actualy help reduce the income
gaps between rich and poor countries (Negroponte, 1998). The basic issue
separating the two schools with regard to the impact of information technology an
Africa Countries is the question of whether Africacould in thefirst place have
adequate access to the globd information infrastructure, and hence to the

information technology age. The prediction of the position of poverty, Africa



countries would not be able to finance the investments in informetion

infrastructure and computer hardware and software required to access the
information technology age. This would mean that they would risk increased
margindization in the globa economy with severe competitive disadvantage for
their goods and services, and hence for their development prospects. The
prediction of the second schoal is based on the argument that the information
technology would provide the means for countries to turn their disadvantages into
advantages, adjust to the new ways of doing business and put in place the required
infragtructure of telecommunications and information systems. (Oshikoya and

Hussain, 1998)

The oftenadvocated information technology will change the World, sem
from the basic promise that computing and information processing investments
has avishle impact on productivity and income. While there is substantial
evidence that new information technologies are in many ways transforming the
operations of modern economies, the impacts on productivity have been much
harder to detect (see Brynoltsson and Hitt, 1996; Brynoltsson and Y arg, 1996).
Mogt of the macro-leve evidenceisfor the US economy and given the smdll
number of studies on other countries, it is hard to infer whether the productivity
paradox is a feature unique to USA and some other advanced economies or
whether it isamore generd phenomenon. This concentration of research on the
USA is quite surprising againg the background of the voluminous literature

explaining cross-country differences in Productivity and economic growth. The



reason for the lack of interest in the role of information technology must be the
amplefact thet IT investment is not a variable included in any of the datasets

which have been used in these studies (Durlauf and Quah, 1998)

However, a notable study of the role of information and communication
technology in economic growth is the World Bank's (1998) World development
report entitted knowledge for development, which argues strongly for the
increasing role of knowledge in economic development. A cross-country andyss
of economic growth was presented in support of the argument. Unfortunately, the
andyss was dlent on the impact of the information technology on economic
growth, but ingead it pays atention to the role of the communication
infragtructure. This may reflect the lack of an impact. The sudy dso suffers from
the same weakness as most of dSmilar cross-country regressons do; namey it is
rather adhoc and is not explicit based on any mode of economic growth. As an
improvement, Pohjola (2002) was based on an explicit modd of economic
growth, which has recently been gpplied in a number of <udies exploring
economic growth impacts of various components of capitd. This study adopted
the augment verson of the basc Solow modd that includes accumulation of

Human capitd and information technology aswell as physica capital.

In order to undergtand the effects of IT on today's economy, one should
look a the past decades. For the African economies, the observed productivity

showdown remains quite poorly understood. This project therefore seeks to
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investigate whether technology revolution have had dgnificant impact on these

economies production structure as well as aggregate productivity satistics.

OBJECTIVESOF THE STUDY

The broad objective of this project is to investigate the hypothess that the
technology revolution, after al, has had important consequences on productivity.
Specificdly, we wish to investigate whether information technology has led to
radicd changes in productivity among different sectors relaed to the
developments themsdlves have resulted in messures of aggregate performance

that do not accurately reflect the (positive) effects on these economies.

METHODOLOGY

The new technology revolution (IT) plays a dud role in the modern economy. It is
both as output from the IT producing indudtries and in input into the IT usng
indudtries. Essentidly, the current technologicad revolution is characterized by the
fast improvement in the qudity of IT equipment and software, and the resulting
shap decline in ther qudity adjusted prices. Utility-maximizing firms respond to
the change in relative prices by subdituting IT equipment, software and services
for other goods and services. He rapid technological advance makes it possble for
the shares of IT to increase in both gross domestic product and in capita stock

while IT prices decline. To identify the channds through which IT affects output,



productivity and economic growth, it is helpful to express the aggregate

production function n he form

Y= YYSTYO) = AFC, KoHu L) v, (3.1)

Where, & any given time t, aggregate value added Y is assumed to consst of ICT

Y'T as well as of other production Y°, These outputs are

goods and services
produced from aggregate inputs condsting of ICT capitd C, other (i.e nontICT)
physica capitd K, human capitd H and labour L. The level of technology is here
represented in the Hicks neutral or output-augmenting form by parameter A. ICT
can now be seen to enhance output and economic growth in the following ways.
The production of ICT gods and services Y'CT contributes directly to the total
vaue added generated in an economy. Again, the use of ICT capitd C as an input
in the production of al goods and services generates economic growth. It is even
likdy that the benefits from ICT use ae lager than the benefits from its
production since the latter are limited to just are sector of the economy. ICT can

dso enhance economic growth via the contribution of ICT indudries to

technologica change. If the rapid growth at the macroeconomic level aswell.

To assess the direct contribution of ICT, are differentiate the LHS of (3.1)

with respect to timett to obtain

I\ICT /\O

& =\A/|CTY +W0Y Y (3.2)



Where the » symbol denotes the rate of change and the weights Wicr and W, are
the nomianl output shares of ICT and other goods and services, respectively.
Here, ICT's direct contribution to GDP growth (WICT Y)cr) in equdtion 3.2, is
cadculated by multiplying the nomina output share of ICT goods and services by
the growth rate of their volume of production. Whereas it may not be possible for
dl countries in the world to be producers of ICT, it is certainly feasible for them
to become its usars. The rapid decline in the reative price of computing and
communication equipment and software makes invesment in them attractive.
Therefore, the estimation of the impact of ICT investment has been approached in
the principd ways Production function edimation, growth accounting and

applied growth theory.

For the production gpproach, suppose that the function (3.1) assumes the

smple Cobb- Douglas form:

Y = AC*K2KHA"LA (3.3)

Taking naturd logarithms resultsin the following equation in levels

YY=/A+a.,,C+taxnK+a,,H+tal ........ (3.9

And given information about the observable variables Y, C, K, H and L, one can
estimate the parameters A, ¢, Mk, L h, and i . Thiscould be donein a Time series

andyds for one country a a time or, if one is willing to assume tha the p-
coefficient are the same in dl countries. However, section.-analyss is often carried

out for growth rates. Differentiating (3.4) with respect to timet, one obtains.



A" =A"+4.C" +4 KN +&HN +4LN L. (3.5)

Where the * symbol denotes the rate of change. This could again be datidicaly
edimated overtime or across countries. However, if one is prepared to make
preval in production and that dl factors are paid their margina products, the -
coefficients represent the respective factor shares in totd income and sun to be
one. The standard technique of growth accounting can then be applied directly to
asess the output growth contributions of the factors of production. Given that dl
the other factors in (3.5) are observable, except the rate of technological change
A, it is obtained as the resdud and is often cdled the growth rate of total

multifactor productivity.

The practicdl problem with gpplying ether the production function or the
growth accounting approach is the poor availability of data for ICT cepitd and its
share in nationa income. Those that do exist do not cover the 1990s (the decade
of the New Economy). Thus, the estimation of capitd stocks can be avoided by
aoplying growth theory. The augmented neoclasscd modd to economic growth
extends the basc Solow mode to include more then one type of capital (man kin,
Romer and Well, 1992). We now write the production function in a form dightly

different from (2)



Y = CHEKMKHRN (aL) Trombkemh (3.6)

The difference is that technologica change is here assumed to be of the Iabour-
augmenting type and that congtant refund prevails in production. The modd can
be closed by specifying the accumulation of each of the three types of capitd
stocks-ICT, other physicad and human capitd. The Solow modd assumes that a
condant fraction of output is invested in each type of capitd. Defining as the leve
of output per effective labour, y = Y/AL, and C, K and H as the respective stock
of capitd per unit of effective labour, the following differentid equeations govern

the evolution of the stocks:

() =Sy(t) - (atn+dc) c(t)
1t

Tk(t) = Sy(t) - (@tn+dn)k(t), (3.7)
B

Ah{®) = Sy() - (a+n+dn) h(b),
Tt

Here the Scoefficients are the savings rates in each type of capitd, and d's are the

rate of their depreciation. Labour input is assumed to grow and technology to
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advance a the exogenous rates of n and a, respectively. Solving (3.7) for the
steady -date vaues of the capitd stocks and inserting into the production function

(3.6) resultsin

Y =ao+ad.S +ag S +anhS-adtactanl@n+d)
L I'b  Tb I-b b (3.8)

Whereao,=1,A(0)+at,b=a.+a,+ay.

Here the depreciation rates d are assumed to be the same for dl types of capitd,
and b<1 by assumption. The confusion is tha the steedy State level of output per
labour, i.e of labour productivity is pogtively rdated to the rates of saving in eech
type of capitd but negatively related to the rates of population growth and
depreciation of capita. Consequently, labour productivity should be higher in
those countries, which invest more than the others in ICT capita, other things
being equa. Indeed, equation (3.8) can be edtimated for a cross-section of
countries if data are available on the rates of invesment (i.e. saving) in each type
of capitd. There is thus no need to measure the capitd stocks and the problem
with (3.8) is that countries are assumed to be in a Seady State, which may be
unredigic given that convergence to the seady dae is known to be dow.
However, the model can be easly modified to take convergence into account by

Specifying the esimable equation as
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Y (t) Y (0) _ a
I -l ———=ql A(0) + at + c<— 1 S_+
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T o ( ) an(O)

(3.9)

Where Y (0) and L(0) denote output and labour in the initia period and where g = (I - €'")

with | = b(atn+d) measuring the speed of convergence. The modd predicts that labour
productivity grows fagter in the countries, which intere more than the others in ICT
cgpita, other things being equd.

Usng dynamic pand date methodologies, generd modd can be edimated as a dngle
equation with individud effects of the form:

P
Yo = A N tb(L)X +1 +h +V,
t k:1k (t- k) t t t (310)

Where h; and |t are repectivdy individud and time specific effects, cit is a
vector of explanatory varigbles b(L) is a vector of associated polynomids in the

lag operator g is the maximum lag length in the modd. The number of time



periods available on the i" individud, Ti, is smdl and the number of individuds
N, is large. ldentification of the mode requires redrictions on the serid
corrdation properties of the eror term Vi and/or on the properties of the
explanatory varidbles cj;. It is assumed that if the eror term was origindly
autoregressve, the modd has been transformed so that the coefficients a'sand b's
satisfy some set of common factor redtrictions. Thus only seridly uncorrdated or
moving average erors ae explicitly dlowed. The Vi ae assumed to be
independently digtributed across individuas with zero mean, but abitrary forms
of heteroskedaticity across units and time are possble. The c¢ij; may or may not be
correlated with the individua effects h;, and for each of these cases they may be
grictly exogenous, predetermined or endogenous variables with respect to Vi.. A
case of paticular interest is where the levels c;; are corrdated with h; but where
(and possibly Dy) asingruments for equationsin levels.

The (T, - ) equations for individud i can be written conveniently in the

form:

Vi =wd+Lihi+vi .......... (3.11)

where d is a parameter vector incdluding the ax®and byxSand the | S and w isa
data matrix containing the time series of the lagged dependent variables, the ¢
and the time dummies. Ladlly, L isa (Ti - ) x | vector of ones. Dynamic pand
data modds can be used to compute various linear Gmm estimators of d with the

generd form:

g

d = &£8 "z 2ANG
g e

BB
N
=

S

D0
=
N
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4.0.

(3.13)

and W," andy,” denote some transformation of W and y (e.g. levels, first differences,
orthogond deviations, combinations of first differences (or orthogonal deviations) and
levels, deviations from individual means). Z is a matrix of instrumental variables, which
may or may not be entirdly interna and Hi is a possibly individua specific weighting
matrix . if the number of columns of Z; equalsthat of W;", AN becomesirrelevant and d*

&, . *0 B
d=§aZiW.zga Ziy, *
g €1
reducesto 3.14

In particular, if 4 = W and the transformed W and y; are deviations from

individual means or orthogonal deviations, then d” is the within groups
estimator.

EXPECTED OUTPUT

The origind divide is indeed wide, but not much is known about the
patterns of ICT diffuson across countries and about the determinants of its
adoption. The importance of human capitd, openness to trade and direct
investment, telecommunication infragtructure, and internet access are emphasized
in mogt dudies, which exids. But even there impacts seem to be different between
the developed and developing countries. It is evident that given the dissmilarities
in the production and consumption profile between these group of countries, the
optima way to benefit from ICT ae likdy to be different as wdl. Thus, our

research project is designed and expected to provide this evidence.
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5.0. POLICY RELEVANCE

The need for wdl-judtified cross-country diffuson metrics is strong. The
recent proliferation for various "e-readiness’ and Smilar indexes, and a recently
announced initigtive by the World Bank's information for development program
to fund such studies underscores the strong interest of policy makers and business
community dike. Researchers who are studying how the Internet is influencing
and changing the economic, politicadl and socid sysems of various counties have
been limited by the absence of measures that are more accurate, descriptive, and
sophi sticated.

Therefore our research project has implications for policy makers striving
to teke advantage of the potentids of IT invesment to drive productivity and
economic growth.
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APPENDI X

SINO COUNTRIES INCOME PROFILE | REGION
1 SIERRA LEONE LI WA
2 NIGER Ll WA
3 BURKINA FASO LI WA
7 GUINEA BISSAU LI WA
5 MALI Ll WA
6 NIGERIA Ll WA
7 TOGO Ll WA
8 GAMBIA Ll WA
9 BENIN LI WA
10 GHANA Ll WA
11 MAURITANIA Ll WA
W GUINEA LI WA
13 SENEGAL Ll WA
14 COTE DIVORE Ll WA
15 LIBERIA Ll WA
16 CAPE VARDE Ll WA
17. MOZAMBIQUE LI EA
18 ETHIOPIA Ll EA
19 TANZANIA LI EA
20 BURUNDI LI EA
21 MALAWI LI EA
2 RWANDA Ll EA
23 MADAGASCAR Ll EA
24 UGANDA LI EA
25 KENYA LI EA
26 LESOTHO CMI EA
27 COMOROS Ll EA
28 ERITREA Ll EA
29 SOMALIA Ll EA
30 SUDAN LI EA
31 CHAD Ll CA
2 CENTRAL AFRICAN | LI CA
REPUBLIC

B CAMEROON Ll CA
34 CONGO (REP) LI CA
5 GABON UMI CA
3% EQUAT. GUINEA LI CA
37 SAOT. & PRINC Ll CA
38 ZAMBIA Ll SA
39 ANGOLA LI SA
0 ZIMBABWE LI SA
71 NAMIBIA CMI SA
V) BOTSWANA LM SA
13 SOUTH AFRICA UMI SA
7 MAURITIUS UMI SA
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45 DJBOUTI LMI A
46 SEYCHELLES UMI A
47 SWAZILAND LMI A
48 ZAIRE LI A
49 EGYPT LMI NA
50 MOROCCO LMI NA
51 ALGERIA LMI NA
52 TUNISIA LMI NA
53 LIBYA UMI NA
A CONGO (DEM. REP) UMI CA
55 MAYOTTE UMI A
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