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Abstract

Over the last decades, effect of innovation on economic growth has received
significant attention in the developed world. But little is known about the effect of
innovation on economic growth in the context of developing countries (e.g., Uganda)
due to lack of data. Examining the relationship between innovation and
macroeconomic variables is important because innovation has systematic effects on
economic growth and other macroechomic variables. The paper uses the generalized
least squares method to examine the effects of innovation on economic growth and
other macroeconomic variables in Uganda in 1970 - 2020 . Data sets were collected
from the United Nations database. The paper is based on the neoclassical growth
model with decreasing returns to scale since production takes place within the
feasible region of production. In addition, examine the effects of innovation on
capital, labor, capital productivity, labor productivity, household consumption,
investment spending, government spending, exports, imports in Uganda in the given
period. Furthermore, the paper examines the influence of other variables on
innovation and the individual influence of innovation on those variables. Empirical
results show that innovation advancement caused economic growth and growth of
other macroeconomic variables in Uganda during the given period. Most of the
variables considered had significant feedback effects on innovation. Hence, the paper
recommends the application of innovation advancement to a great extent to enhance
Uganda’s economic growth, considering its significant long term effects on economic
growth in Uganda during the given period.

Keywords: Economic growth, Innovation, Macroeconomic variables, Capital
productivity, Labor productivity, Technological progress.
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Introduction

Over the last few decades, effect of innovation on economic growth has received
significant attention in the developed world. But due to lack of data little is known
about the effect of innovation on economic growth in the context of developing
countries (e.g., Uganda). The main question that this present paper attempts to answer
is: To what extent has innovation affected particularly economic growth and
generally some important macrocosmic variables in Uganda? The major objective is
to examine effects of innovation on economic growth in Uganda during the 1970 to
2020 period by using the generalized least squares (GLS) method. In the paper,
innovation is derived from the neoclassical model and defined as the ratio of the total
product (output) to output raised to the sum of capital and labour output elasticities.
In both macroeconomics and microeconomics, the paper marks the beginning of
expressing or estimating innovation in terms of levels of technology, capital
productivity, labour productivity, and output elasticities of capital and labour.
Meanwhile, the level of technology is defined as the ratio of output to total factor.
On the other hand, the paper defines the technology index as the ratio of the logarithm
of technology to the logarithm of output. In contrast, the innovation index is defined
as the ratio of the logarithm of innovation to the logarithm of output. However, in
most existing quantitative research, innovation has been measured in terms of the
total number of patents, trademarks, and Research and Development (R&D)
expenditures.

Recent economic growth theories postulate innovative products, processes, and
business models to be outcomes of continuous research and that innovation to be the
key driver of productivity and economic growth. These hypotheses have not been
empirically tested in the case of Uganda, especially at a macroeconomic level.
Empirical findings show that a 1 per cent increase in innovation could have output to
rise by 3.537% yearly in Uganda during the given period. Similarly, a 1% increase
in innovation could have caused the microeconomic variables to indibidually rise by
approximately 3.537% vyearly in the country during the 1970 to 2020 period.
Meanwhile, in the short run during the 1974-2020 period, a 1% increase in innovation
could have caused (a) consumption, (b) investment, (c) government spending, (d)
exports, (e) imports, (f) profit, (g) total cost, (h) capital, (i) labor, (j) capital
productivity and (k) labor productivity could have caused annual innovation
advancement to rise by (a) 4.262%, (b) 22.35%, (c) 39.29, (d) 28.08%, (e) -15.11%,
(f) 16.84%, (g) 4.47%, (h) 12.86%, (i) 3.44%, (j) 3.54% and (k) 3.54% respectively,
during the given period. These results indicate very high contribution of innovation
to output and other macroeconomic variables in Uganda during the given period.
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The atructure of paper is as follows: (a) Introduction, (b) Review of Literature that
consists of threoretical literature, empirical literature, (c) Theoretical Framework (d)
Methodology, (e) Presentation and Discussion of Results, (f) Conclusion and (g)
Policy Prescriptions fllowed by (h) References.

Review of Literature

In the twentieth century, some writers used the term innovation to explain
technological change. As a subject innovation was used as a body to explain literature
assessing the processes behind the term. Early theories focused on the psychological
dimensions linked to innovation, and the development of linear process models while
recognizing the creative dimension of innovation. In the mid twentieth century
innovation was viewed as a tool of economic growth and economic survival for
organizations. In the late twentieth century the term innovation had already been
viewed as advancement, technological change, social change and development across
many dimensions of knowledge, and across society and possessed by the individual.
Meanwhile, in the twenty first century the term innovation conveyed various
meanings and concepts influenced by different factors over the centuries (Taylor,
2017). According to Taylor (2017), there are numerous definitions of innovation that
exist in different fields in academia, industry, government and service provision. The
available academic literature relates to a wide body of disciplines that sometimes cut
across discipline areas. This present study, adopts the plausible definition of
innovation by Taylor (2017) that is suitable for the subject and research being
undertaken as follows: Innovation can be defined or identified with the creation of a
new product or service or an improvement of an existing product or service. Implying
that the aggregation of goods and services often referred to as gross domestic product
(GDP) is tightly related to innovation.

Hence, indicating that the measure of innovation in terms of GDP raised to a unique
index is a valid measure of innovation. However, according to Tiruneh (2014, pp.44-
47), the minimum requirement for innovation may be the product, process, marketing
method, or organizational method that must be new or significantly new to a firm or
market. The four common types of innovation are: product, process, marketing, and
organizational innovations. Product and process innovations are the most popular.
They are closely related to the concept of technological product and process
innovation. However, marketing and organizational innovations are not popular or
recognized due to measurement problems.
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Theoretical Literature

Technological innovation can affect economic growth directly or it can influence
economic growth through macroeconomic mechanisms, such as economic indicators
or variables. Technological advancement is considered as a major driver of economic
growth (Bae & Yoo, 2015; Santacreu, 2015). Maradana et al. (2017). Meanwhile,
innovations in turn affect factors such as employment, global competitiveness, trade
openness, quality of life, financial systems and infrastructure development (Anakpo
& Mishi, 2021).

Technological innovation is the key for driving productivity and economic
development, especially in emerging countries (Schniederjans, 2017; You et al.,
2019; Amankwah-Amoah et al., 2018; Pradhan, Arvin and Bahmani, 2018; Lawa,
Sarmidib and Gohc, 2020). Promoting an innovation-driven strategy is based on a
higher material and technological foundation. The higher material foundations:
innovation, higher education, and technology preparation have a positive and
significant impact on entrepreneurial activities in innovation-driven countries but not
in factor-driven countries (Rostami et al., 2019).

In addition, innovation creates a social innovation culture in the economy by
promoting the understanding of creativity and innovation resources (Kim & Yoon,
2015; Xiao et al., 2022). Rapid global competition in science and technology, science,
technology, and innovation (STI) has become the key drivers of national economic
growth, necessary for industrial transformation, productivity enhancement, and
product quality improvement (Karafyllia & Zucchella, 2017; Akisik et al., 2020; Xu,
et al., 2023).

Empirical Literature

It was only after 1945 that interest in development theories started to flourish (Currie-
Alder et al, 2013). Innovation was neglected or omitted in some of these economic
growth theories. Although some development theories were composed of innovation,
they treated it as an exogenous factor. Neoclassical economics focuses on the optimal
allocation of resources and the adaptations following exogenous shocks such as
demographic change and changing preferences. Innovation is internal to the economy
and it is reponsible for driving internally the economy personified by the active
entrepreneur (Omar, 2019). In economic research, there are seven different types or
measures of technological innovation used such as: (1) patent owned by residents, (2)
patents owned by non-residents, (3) expenditure on research and development
(R&D), (4) researchers in R&D, (5) information and communication technologies
graduates, (6) science, technology, engineering and mathematics graduates, and (7)
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scientific and technical journal outputs ((Pradhan et al., 2016; Maradana et al., 2017;
Adenle et al., 2017; Owoeye et al., 2020; Anakpo & Oyenubi, 2022). In the last
century, technological development has progressed more rapidly as compared to the
previous years. Such a comparison has evolved into a structure with a large amount
of information in the 2000s (Caliskan, 2015). In African, Lu et al. (2019) used Solo
Model to study foreign investment effects on South Africa’s economics and
technology development in the long term and short term, and the risks and
opportunities of international trade with South Africa. They find that more investment
through research potentially drives GDP growth. But Broughel and Thierer (2019)
indicate that most of the existing studies on technological change measured factor
productivity. However, technological change is essentially different from
technological innovation whareas the Solow model focuses only on the traditional
factor productivity to explain technological innovation, unlike the new growth theory
(Anakpo & Oyenubi, 2022).

Xiao et al., 2022). Whereas, empirical finding shows that the inadequacy of
innovative technology flow into Malaysia over a long time caused detrimental effects
on the country’s national innovative capacity (Lawa, Sarmidib and Gohc, 2020).
Empirical findings show that technological innovation indicators such as (a)
researchers in research and development, (b) graduates from information and
communication technology, (c) patents-nonresidents, (d) graduates from science,
technology, engineering and mathematics and (e) scientific and technical outputs;
have significant positive relationships with per capita economic growth in the long
run. But they find no relationships exist between (i) patents-residents and (ii)
government expenditure; and per capita economic growth (Anakpo and Oyenubi,
2022; Broughel & Thierer, 2019). Meanwhile, studies in the context of developing
countries focus mainly in isolated areas such as technological innovation, economic
growth and drivers such as human capital (Rangongo & Ngwakwe, 2019; Anakpo &
Oyenubi, 2022), financial development (Abeka et al., 2021), direct foreign
investment (Uwubanmwen and Ogiemudia, 2016), automation and artificial
intelligence (Anakpo & Kollamparambil, 2021a, 2021b) among others, leading to a
gap in empirical work that examines a link between technological innovation and
economic growth in Africa, in particular Uganda.

How new knowledge translates into superior economic performance by countries has
neither been described by the growth theories nor found to have an unequivocal
empirical explanation. Empirical studies that lack theoretical underpinnings focus on
networks (Tsvetkova, 2015; Maradana et al., 2017). In this study, the gross
expenditure on research and development (GERD) as a per cent of gross domestic
product GDP is extended to the current literature by measuring innovation using an
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alternative approach. Thus, in the paper innovation (Z) measured as the ratio of GDP
to GDP raised to power @ + 3, where a, 8 are the coefficients of capital and labour,
respectively. Therefore, innovation can be defined mathematically as follows:
Z=Y/(YF) = y'meF = A/(KE.1E),

where K, is capital productivity and L,, is labour productivity. In the last two decades,
both researchers and policymakers have increasingly investigated the relationship
between innovation, entrepreneurship, and regional outcomes (Galindo and Mendez-
Picazo, 2014). However, the paper specifically examines the relationship between
innovation and economic growth in Uganda with reference to Bae and Yoo (2015);
Santacreu (2015) and Mardana et al., 2017).

However, economic growth indeed increases the level of innovation in the
development process. Therefore, it is possible to have a bidirectional causality
between innovation and economic growth (Pradhan et al., 2016; Mardana et al.,
2017). Hence, the study’s main motivations are examining (i) effects of innovation
on economic growth and other macroeconomic variables, (ii) effects of economic
growth and other macroeconomic variables on innovation in Uganda during the given
period; as well as settle the conundrum regarding the effect of labor productivity on
economic growth.

Theoretical Framework

A typical Neoclassical production function is often written in terms of output as a
function of level of technology (4;), capital (K;) and labor (L;) as follows:

Y, = AKELF. (3.1)
Equation (3.1) shows that output equals level of technology times total factor (TF;).

Y, = A, TF,.. (3.2)
From Equations (3.1) and (3.2) it can be discerned that total factor is given by

TF, = KEIF  (3.3)
Equation (3.2) indicates that level of technology (A;) can be defined as total factor
productivity i.e. (A; = TFP;) and can be written as the ratio of output (Y;) to level
of total fector (TF;).

Yt

A, =L (34)

In order to derive the relationship betWT;;n output and level of technology, capital
productivity and labor productivity, Equation (3.1) is divided through by Yt‘"YtB.
Y, AKSL
vevP o yeyf
Where a,  are coeffcicients of returns to scale on capital and labor respectively.

(3.5).
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Equation (3.5) can then be rewritten as follows:

Yt(1—a—/3) =4, (&)a (&)ﬁ (3.6)

Y./ \L
Meanwhile, Equation (3.6) can be rewritten as follows:
AN AN
(1-a-B) t t
Y, = A | — . (37
t f(zq) (Lt) 3.7

Rewriting Equation (3.7) in terms of level of technology, capital productivity and
labor productivity provides an expression that can be used to introduce innovation
into the modified form of the Cobb-Douglas production function as follows:

v = Aol (3.8)
For Equations (3.1) and (3.8) to be compatible, i.e. for output to mean what it means
in both Equations, and for level of technology to mean what it means in both
equations, and be established as a dependent variable in both equations, Equation
(3.8) must be defined (specified) as innovation (Z;) or product innovation and be
represented as follows:
vy P =z, 3.9

Thus, Equation (3.9) can be rewritten in terms of output as a function of innovation

(or product innovation) and represented as follows:
1

Y, =27"" (3.10).
Therefore, substitution of Equation (3.2) in Equation (3.10) provides the relationships
among level of technology, total factor and innovation.

1

A TF, =Z;“F (3.11).
Meanwhile, substitution of Equation (3.9) in Equation (3.8) provides relationships
among level of technology, capital productivity labor productivity and innovation for
empirical investigations.

Z = AKyEL,E . (3.12)
Rewriting Equation (3.12) provides a technology function that has been translated
(derived) from the Cobb-Douglas production function. Meaning that the level of

innovation is a function of innovation, capital productivity and labor productivity.
A= ZKELD,. (3.13)
Substitution of Equation (3.10) in Equation (3.1) provides a function that can be

manipulated for examination of the relationships among innovation, level of
technology, labor and capital.

1

7P = AKELE (3.14).
In the short run, (i) the influence of capital and labor productivity on output, and (ii)

the influence of labor and labor productivity on output can be represented as follows:
27
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Yf = Ktht = LtLpt' (315)
Substitution of Equation (3.10) in Equation (3.15) yields Equations (3.16) and (3.17).
Equation (3.16) can be used in empirical analysis to investigate the effects of on

innovation on capital and capital productivity.
1

KKpe = 27" (3.16).
Similarly, Equation (3.17) can be used in empirical analysis to investigate the short
run effects of on innovation on capital and capital productivity.

1
Lilye =2;7%7%  (3.17).
Output can be defined as the product of population (Py,) and income per capita (¥,;):
Y: = Y, Po¢- Substitution for output in Equation (3.10) produces an expression that
can be used to investigate the short run influence of innovation on either income per
capita or population size.

1
YpePor = Z;7*F  (3.18).
The classical theory can be expressed in terms of output as a function of capital and
labor as follows:

Y, = K&LP. (3.19)
Substitution of Equation (3.10) in Equation (3.19) provides an expression that can be
employed to empirically examine the relationships among innovation, labor and
capital.

1

kgL = 717*F. (3.20)
In an economy the firms’ decision problem is one of choosing output level
arising from their motive of profit-maximization. It is clear that the firm’s
profit maximizing level of output is determined by the inputs it chooses to use
in production. Thus, the firms’ economic profits (I/;) can be expressed as a
function of only the inputs it uses (Nicholson and Snyder, 2012, p.389).

Wy =Y, —TC, = (K, Le) — (aK; + BLy).
Where a and g are fixed parameters of capital and labor respectively and total
cost (T'C,); and the total cost function is given by the costs of inputs.
TC, = aK; + BL;

Implying that output can be expressed as a sunction of profit, capita and labor:

Y, = W, + aK, + BL;
or as a function of profit and total cost: Y, = W, + TC,. The equations here indicate
that the production function in logarithm form, the linear economic profit function
can be rewritten as follows:

Y, = Wk&LE. (3.21)
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However, empirical findings show that the returns to scale on profit is never one (1)
as indicated in Equation (3.21). Therefore, it means that the production function with
profit as one of the factors, is always unstable. Hence, to make it stable, a balancing
term must be introduced in the equation.
Y, = W,K&LPB,. (3.22)

Dividing Equation (3.22) by Equation (3.1) reveals that level of technology is the
product of the balancing term and the level of economic profit.

A, = WB,. (3.23)
Substitution of Equation (3.10) in Equation (3.23) provides an equation system that
can be used for empirical investigation, of the relationships among profit, capital
labor and innovation.

1
W.KELEB, = 72, (3.24)
The six common national income variables can be used to formulate a production
function as follows:

1
chubgclxPiml = 2% = v, (3.25)
leen Qlt = Cnt' It’ Gt’Xt’ Mt’ Wt’ TCt, fOf i = 1,2, ,7
Where, Q¢ = Cnt, Q2¢ = It, Q3¢ = Gt, Qur = Xty Qst = My, Qor = Wy, Q7 = TCy.
Therefore, the bidirectional relationship between innovation and each of the

seven variables can be more compactly represented as follows:

1
Qi (Y = Q)P = 21 (326)
In logarithm form the effect of innovation on each of the seven variables can be given

as follows:
_ dlogZ (1 — ;). dlog(Y; — Qi)
dlogQjt = - .
Bi(l—a—p) Bi
To derive an equation representing the effect of innovation on household disposable
income, the first step must be the formulation of a tight relationship between income
and disposable income.

(3.27)

_ (Yar
t

Substitution of Equation (3.10) in Equation (3.28) yields
1
Y = (%) z}7%F. (329

The capital accumulation equation is often represented as flows:

K = K; — 0K, + 1. (3.30)
Where, § is the rate of capital depreciation and 6K;_, = I,_; level of capital
depreciation. Thus,

K =Keoq —I_i +1,. (3.31)
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Thererfore, taking logarithms of variables in Equation (3.31) and differencing each
of the logarithm of the respective variables, followed by taking antilogarithms gives
Ke I 33
Ky Iy (3:32)

Hence, substitution for capital in Equation (3.16) i.e., substitution of Equation (3.32)
in Equation (3.16) provides an equation that depicts the influence of innovation on

capital productivity.

1

I, _——
K1 (1—> Kyt =27, =k (3.33)
t-1

Methodology

The dataset employed in the study was composed of secondary data collected from
the United Nations (2020) database. The time series dataset collected contained
household consumption, investment spending, government spending, exports,
imports, and population of Uganda covering 1970 to 2020. Data got from the dataset
were: capital, labour, capital productivity, labour productivity, disposable income,
economic profit, level of technology, innovation, total factor, technology index,
innovation index, innovation productivity, and capital productivity.

Having obtained the time series data on the annual long run capital stock (K;_,) and
aggregate disposable income (Yy;), the annual quantities of labour (L;_;) can be

generated by using the classical Cobb-Douglas production function [Y;, = Kt‘x_lLf_l]

and by causality theory where « is average propensity to invest (MPI;) and S is
average propensity to consume (APCy).
From the Cobb-Douglas, Ls_, can be made the subject to obtain

Li_1 = [Ydt/((Kt—ﬂ(APIt))]wAPCt]- (4.1)
since the long run MPC, equals long-run APC;. Implying a marginal propensity to
invest (MPI,) and average propensity to invest (API,) are equal in the long run. Data
analysis was done by using the (a) philosophical theory of causality which states that
if event A comes before event B, then it should be event A that causes B, (b) Say’s
law of markets, (c) capital accumulation equation, (d) the balancing term for profit
and technology.

Using the generalized least squares (GLS) method, the paper performs linear
regression analyses on secondary data collected from the United Nations Data Base
on Uganda covering 1970 to 2020. Data used in empirical analyses are on aggregate
household consumption and investment spending, government spending, exports and
imports because they are the variables commonly present in the household
consumption function, national income model and neoclassical function.
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Data generated were as follows: gross domestic product (GDP), household disposable
income, capital productivity, labour productivity and total factor. Innovation,
technology, innovation index, and income taxes. The t, F, DW and HT statistical tests
were conducted by comparing the computed t, F, DW and HT values with their
respective critical values from the standard Statistical Tables. The HT is the
computed t value used in testing for heteroscedasticity (variances that are not
constant) by conducting the usual t tests.

Results and Discussions

Equation (3.18) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.4).

The specific required result shows that in Uganda during the 1975 to 2020 period a
1% increase in innovation could have caused income per capita to increase on average
by 3.54% per annum, ceteris paribus.

dlogY,, = 3.54dlogZ,_; — 1.00d log Py + 3.54dd log A; — 0.5484dd log K,;

t 113548 ~117051 304437 —292147
—1.9888dd log L,,, — 0.9986dd log Py, (5.1)
t —264538 —3261
R? = 1.0000, DW = 1.9801, F =3.70 x 1011, N =46

Period = 1975 — 2020, HT = 0.1469, V = 1/d(d((d (d(ypt_1 x TFt_l)))Z))
Equation (3.18) was transformed into an econometric model and regressed under the

generalized least squares framework and the empirical results are presented under
Equation (5.5).

The specific required result shows that in Uganda during the 1974 to 2020 period a
1% increase in innovation could have caused population size to increase on average
by 3.54% per annum, ceteris paribus.

dlog Py; = 3.54dlogZ;_, — 1.00d logY,; + 3.54dd log A; — 0.55dd log K,;

t 256449 ~113711 4302 —4193
~1.9904dd log L,,; — 1.0008dd log Py, (3.2)
t —4354 —4300
R? =1.0000, DW = 1.8571, F =538 x 1011, N =47

Period = 1974 — 2020, HT = 0.0542, V = 1/d(d((d (d(Y, * TF.)))?))

Equation (3.25) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
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Equation (5.6). The specific required result shows that in Uganda during the 1974 to
2020 period a 1% increase in consumption could have caused innovation level to
increase on average by 0.269% per annum, ceteris paribus.

dlogZ, =0.2690log C,,;;_1 + 0.0178d logI; + 0.0183d log G; + 0.0190d log X,

t 6268 5.634 8.418 14.55
—0.0443d log M, + 1.0019dd log Z, (5.3)
t -31.21 397.8
R? = 1.0000, DW = 1.8268, F = 267837, N =47

Period = 1974 — 2020, HT = 0.0538, V =1/dd((d(d(Yar/Z0)))?))

Equation (3.10) was transformed into an econometric model and regressed under the

generalized least squares framework and the empirical results are presented under

Equation (5.7). The specific required result shows that in Uganda during the 1974 to

2020 period a 1% increase in output could have caused innovation level to increase

on average by 0.28% per annum, ceteris paribus.

dlogZ; = 0.28dlogY;_; + 1.0dd log A, — 0.16dd log K;,; — 0.56dd log L,,; (5.4)
t 87384 110250 —14369 —4844

R? = 1.0000, DW = 1.8944, F =1.45x 101, N =47

Period = 1974 — 2020, HT = 0.0373, V =1/d(d((d(d(X./TF)))?))

Equation (3.13) was transformed into an econometric model and regressed under the

generalized least squares framework and the empirical results are presented under

Equation (5.8). The specific required result shows that in Uganda during the 1975 to

2020 period a 1% increase in innovation could have caused level of technology to

increase on average by 1.00% per annum, ceteris paribus.

dlogA; = 1.00d logZ;_; + 0.16d log K,,; + 0.56d log Ly, + 100dd logA; (5.5)
t 115360 542119 28232 342808

R? = 1.0000, DW = 2.0947, F =6.52x 101, N =46

Period = 1975 — 2020, HT = 0.1416, V = 1/d(d((d(d(X./TF:)))?))

Equation (3.13) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.9).
The specific required result shows that in Uganda during the 1975 to 2020 period a
3.54% increase in innovation could have caused level of technology to rise on average
by 1.000% per annum, ceteris paribus.
dlogA; = 3.54logZ;_1 — 0.16d logK;_; — 0.56dlogL,_, + 1.00dd log Z,
t 71452 —51773 —45697 1078519
+0.1550dd log K, + 0.5623dd log Ly, (5.6)
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t 97268 321575
R? =1.0000, DW =2.0343, F=8.17x10'1, N =46

Period = 1975 — 2020, HT =0.1014, V = 1/d(d((d (d(TF,-1/Lpc—1)))))

Equation (3.12) was transformed into an econometric model and regressed under the

generalized least squares framework and the empirical results are presented under

Equation (5.10). The specific required result shows that in Uganda during the 1975

to 2020 period a 1% increase in level of technology could have caused level of output

to increase on average by 3.54% per annum, ceteris paribus.

dlogY; = 3.54dlogA,_; — 0.55dlogKy,;_; — 1.0d log L,,; + 1.00dd logY; (5.7)
t 366338 —119296 —57368 724608

R? = 1.0000, DW = 2.0093, F =9.72 x 102, N =46

Period = 1975 — 2020, HT = 0.0555, V =1/d(d((d(d(TC;-1)))?))

Equation (3.16) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.11). The specific required result shows that in Uganda during the 1975
to 2020 period a 1% increase in innovation could have caused capital stock to increase
on average by 3.54% per annum, ceteris paribus. Coefficient of determination (R?)
IS one because variations in the independent variables can fully explain all variations
in the dependent variable. In addition, d logY;_; = 0.53dlogZ. Meanwhile, K;_; is
the ration Y;_1/Kp;—1, meaning dlogK;_; = dlogY;_; —dlogK,;_;.
dlogK; = 3.54dlogZ;_, — 1.00d logKy;_1 + 1.dlogK;_; + 1.0dd logI; (5.8)

t 7129 —3393 —5712 26187
R? = 1.0000, DW = 1.9981, F =9.04 x 10°, N =46
Period = 1975 — 2020, HT = 0.0405, V =1/d(d((d(d(TC,-1)))?))

Equation (3.16) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.12).
The specific required result shows that in Uganda during the 1975 to 2020 period a
1% increase in innovation could have caused capital productivity to increase on
average by 3.54% per annum, ceteris paribus. Coefficient of determination (R?) is
one because variations in the independent variables can fully explain all variations in
the dependent variable.
dlogKy: = 3.5371dlogZ;_, — 0.9999d log K;_; + 1.0000dd logK,,; (5.9)

t 85447 —-60971 137795
R? = 1.0000, DW = 2.1699, F =1.60x 101, N =46
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Period = 1975 — 2020, HT = 0.0227, V =1/d(d((d(d(Yat-1)))?))
Equation (3.17) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.13). The specific required result shows that in Uganda during the 1975
to 2020 period a 1% increase in innovation could have caused labor productivity to
increase on average by 3.54% per annum, ceteris paribus. Coefficient of
determination (R?) is one because variations in the independent variables can fully
explain all variations in the dependent variable.
dlogLy,; = 3.5365dlogZ;_; —0.9998dlogL;_, + 1.0000dd log K,,; (5.10)

t 40773 —38348 80651
R? = 1.0000, DW = 1.9558, F =5.27 x 10, N =46
Period = 1975 — 2020, HT =0.2606, V =1/d(d((d(d(Yz-1)))?))

Equation (3.11) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.16). The specific required result shows that in Uganda during the 1975
to 2020 period a 1% increase in innovation could have caused total factor to increase
on average by 3.54% per annum, ceteris paribus.

dlogTF, = 3.54dlogZ;_; — 1.00d log A;_; + 0.72dd logY; — 0.16dd log K¢

t 203043 —81363 1316905 —97190
~0.5623dd log L,,;) (5.11)
t —85448
R? =1.0000, DW = 1.9975, F =9.38 x 1011, N =46

Period = 1975 — 2020, HT = 03456, V = 1/d(d((d (d(Yae * Lye) ))?))

Equation (3.27) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.17). The specific required result shows that in Uganda during the 1975
to 2020 period a 1% increase in innovation could have caused investment to increase
on average by 22.35% per annum, ceteris paribus.
dlogl, = 22.349d log Z,_, — 5.3153d logY,;;_, + 1.0087dd logl,  (5.12)

t 69.21 —6204 430.3
R? = 1.0000, DW = 1.9058, F =2.27x10%, N =46
Period = 1975 — 2020, HT =0.0000, V =1/d(d((d(d(Cne-1)))?))

Equation (3.27) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.18).
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The specific required result shows that in Uganda during the 1975 to 2020 period a
1% increase in innovation could have caused household consumption to increase on
average by 4.262% per annum, ceteris paribus.
dlogCp; = 4.2618dlog Z;_; — 0.2091d log Y.+ + 1.0002dd log C,,; (5.13)

t 133.7 —36.13 9763.7
R? =1.0000, DW = 1.9283, F =5.56 x 10%, N =46
Period = 1975 — 2020, HT =0.0002, V =1/d(d((d(d(Cnt-1)))?))

Equation (3.27) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.19). The specific required result shows that in Uganda during the 1974
to 2020 period a 1% increase in innovation could have caused government spending
to increase on average by 39.29% per annum, ceteris paribus.
dlog G, = 39.291d log Z;_; — 10.106d log Y, 4;—1 + 0.9978dd log G, (5.14)

t 122.9 —-1129 127.0
R? =1.0000, DW = 1.9343, F = 3283560, N =46
Period = 1974 — 2020, HT = 0.0002, V =1/d(d((d(d(Y)))?))

Equation (3.27) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.20). The specific required result shows that in Uganda during the 1974
to 2020 period a 1% increase in innovation could have caused exports to increase on
average by 28.08% per annum, ceteris paribus.
dlogX; = 28.077dlogZ;_, — 6.9584d log Y, ,;_1 + 0.9901dd log X; (5.15)

t 279.6 —318.5 124.5
R?=0.9998, DW = 2.0205, F = 141700, N =46
Period = 1974 — 2020, HT =0.2306, V =1/d(d((d(d(¥;)))?))

Equation (3.27) was transformed into an econometric model and regressed under the

generalized least squares framework and the empirical results are presented under

Equation (5.21). The specific required result shows that in Uganda during the 1974

to 2020 period a 1% increase in innovation could have caused imports to decline on

average by 15.11% per annum, ceteris paribus.

dlogM,; = —15.109d log Z;_, + 5.2713d log Yymt—1 + 1.0014dd log M, (5.16)
t 89.17 111.2 746.4

R? =1.0000, DW = 1.9743, F = 940813, N =47

Period = 1974 — 2020, HT = 0.0130, V = 1/d(d((d(d()))?))
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Equation (3.27) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.22). The specific required result shows that in Uganda during the 1974
to 2020 period a 1% increase in innovation could have caused economic profits to
increase on average by 16.84% per annum, ceteris paribus.
dlogW, = 16.841dlogZ;_; — 3.763d log Y,,,:—1 + 1.0075dd logW; (5.17)

t 48.72 —38.14 308.9
R? =1.0000, DW = 2.0773, F =576913, N =47
Period = 1974 — 2020, HT =0.0555, V =1/d(d((d(d(M})))?))

Equation (3.27) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.23). The specific required result shows that in Uganda during the 1974
to 2020 period a 1% increase in innovation could have caused total cost to increase
on average by 4.465% per annum, ceteris paribus.
dlogTC; = 4.4648dlogZ;_, — 0.2625d logY,;s—1 + 1.0023dd logTC; (5.18)

t 191.6 —14.18 1138
R? = 1.0000, DW = 2.0536, F = 736924, N =47
Period = 1974 — 2020, HT =0.0740, V =1/d(d((d(d(M})))?))
Equation (3.20) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.24). The specific required result shows that in Uganda during the 1974
to 2020 period a 1% increase in innovation could have caused capital stock to increase
on average by 12.86% per annum, ceteris paribus.
dlogK, = 12.857dlogZ;_, — 2.5046dlogL;_, + 0.9721dd logK,  (5.19)

t 8.826 -5.991 5122
R?=0.9952, DW = 19263, F = 4521, N =47
Period = 1974 — 2020, HT =0.1373, V =1/d(d((d(d(1,)))?))

Equation (3.20) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.25). The specific required result shows that in Uganda during the 1975
to 2020 period a 1% increase in innovation could have caused labor to increase on
average by 3.441% per annum, ceteris paribus.
dloglL; = 3.4409dlog Z;_; — 0.0926d log K;_, + 0.9657dd logL,  (5.20)

t 56.33 —4.904 391.5
R? = 1.0000, DW = 2.0940, F =1.49 x 10°8, N =46
Period = 1975 — 2020, HT = 0.0002, V =1/d(d((d(d(Cnt-1)))?))
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Equation (3.16) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.26). The specific required result shows that in Uganda during the 1974
to 2020 period a 1% increase in innovation could have caused capital productivity to
increase on average by 3.535% per annum, ceteris paribus.

dlogK,; = 3.5356dlogZ;_; — 0.9997d logK;_, — 1.0005dd log K,

t 3217 —3335 8818
+1.0001dd log 4, + 1.0006dd log TF, (5.21)
t 3073 4710
R? =1.0000, DW = 1.9577, F =3.77 x 10%, N =47

Period = 1974 — 2020, HT =0.0451, V =1/d(d((d(d(X;/TFp))?))

Equation (3.17) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.27). The specific required result shows that in Uganda during the 1974
to 2020 period a 1% increase in innovation could have caused labor productivity to
increase on average by 3.535% per annum, ceteris paribus.

dlogL,, =3.5353dlogZ;_; —0.9995d log L;_; — 0.9996dd log L,

t 12807 —12627 —19828
+0.9995dd log A, + 0.9996dd log TF, (5.22)
t 12800 20872
R? =1.0000, DW = 2.1590, F =3.72 x 10%, N = 47

Period = 1974 — 2020, HT =0.0962, V =1/d(d((d(d(M;/TF.)))?))

Equation (3.12) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.28). The specific required result shows that in Uganda during the 1975
to 2020 period a 1% increase in level of technology could have caused capital
productivity to increase on average by 6.450% per annum, ceteris paribus.

dlogK,; = 6.4496dlogA;_, — 6.4492dlogZ;_; — 3.6273d log Lp;_1

t 38465 —30756 14004
+1.0000dd log Ky, (5.23)
t 46733
R? = 1.0000, DW = 2.0766, F = 4.24 x 101°, N =46

Period = 1975 — 2020, HT = 0.0038, V =1/d(d((d(d(Yar-1)))?))

Equation (3.12) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.29). The specific required result shows that in Uganda during the 1975
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to 2020 period a 1% increase in level of technology could have caused labor
productivity to increase on average by 1.779% per annum, ceteris paribus.
dloglL,; = 1.7785dlog A,y — 1.7785d log Z;_, — 0.2757d log Kp;_1

t 44515 —41386 —31838
+1.0000dd log Ly, (5.24)
t 87224
R? = 1.0000, DW = 2.0067, F = 6.13 x 10, N = 46

Period = 1975 — 2020, HT =01298,  V = 1/d(d((d (d(¥pe1)))?))
Equation (3.29) was transformed into an econometric model and regressed under the
generalized least squares framework and the empirical results are presented under
Equation (5.30). The specific required result shows that in Uganda during the 1974
to 2020 period a 1% increase in innovation could have caused household disposable
income to increase on average by 3.558% per annum, ceteris paribus.

dlogY, = 1.037dlog(Yd;_4 /Y;—1) + 3.5575d log Z,_; + 0.8600dd log Cp,;_1

t 148.5 515.6 435.6
+0.1411dd log 1, (5.25)
t 66.68
R? = 1.0000, DW = 1.8943, F = 5061488, N = 47

Period = 1974 — 2020, HT = 0.1212, V =1/dd((d(d(Ya)))?))

In fouteen regressions conducted, the study finds that a 1% increase in innovation
caused on average each of the variables to increase by 3.537% per annum during the
1974 to 2020 period. In summary the variables affected were: GDP, household
disposable income, income per capita, population, household consumption, labor,
capital, capital productivity, labor productivity, total factor and level of technology.
All these effects could have been the long term effects. But the short run effects of
innovation on the respective variable were such that a 1% increase in innovation
could have caused the respective variable to increase as follows: investment
(22.35%), consumption, (4,262%), government spending (39.2%), exports (28.08%),
imports (-15.11%), economic profits (16.84%), ttotal cost (4.468%), capital
(12.86%), and labor (3.441%). The regression results imply there were both short run
and long run bidirectional causality between innovation and economic growth in
Uganda during the given period. The results confirm that innovation is the key driver
of economic growth and other macroeconomic variables. Innovation leads to an
increase in economic growth and other macroeconomic variables in both the short
run and the long run with long run bidirectional causal relationship between
technological innovation and GDP, as well between innovation and other
macroeconomic variables, hence leading to further stimulation of innovation and
consequently GDP. In addition, innovation enables creation of more competitive
products, and it enables firms to introduce new products into more markets.
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Conclusion

For over thirty years the effect of innovation on economic growth has received
significant attention in the developed world. However, in developing countries (e.g.,
Uganda) little is known about the effect of innovation on economic growth due to
lack of data. The major objective is to examine the effects of innovation on economic
growth in Uganda during the 1970 to 2020 period by using the GLS method. In the
paper, innovation is derived from the neoclassical model and defined as the ratio of
the total product (output) to output raised to the sum of capital and labour output
elasticities. Data employed in conducting empirical analyses were collected from the
United Nations database. One, empirical findings show that a 1% increase in
innovation could have caused output to rise by 3.537% yearly in Uganda during the
given period. Two, a 1% increase in innovation could have caused other
microeconomic variable to rise by approximately 3.537% yearly in the country during
the given period. Three, the short run effects of innovation on the respective variable
were such that a 1% increase in innovation could have caused the respective variable
to increase as follows: investment (22.35%), consumption, (4,262%), government
spending (39.2%), exports (28.08%), imports (-15.11%), economic profits (16.84%),
total cost (4.468%), capital (12.86%), labor (3.441%). Four, a 1% increase in output
could have caused innovation to rise on average by 0.283%, and consumption to
increase by 0.269% per annum. Finally, the paper finds that during the given period,
innovation had negative consequences on both productivity of labor and capital in the
long run. Meanwhile. increase in innovation had relative consequences on
productivity of both labor and capital in the long run.

Policy Prescriptions

The innovation policy must aim to: (i) boost and coordinate applied research,
innovation and research and development to improve the quality of life; (ii) promote
research, innovation and entrepreneurship culture; (ii) enforce the development and
application of advanced and innovative technology to meet the needs of industries;
(iv) enable private sector participation in research and development and innovation;
and (v) promote commercialization and utilization of the results of research and
development and innovation, in the national interest; (vii) actualize connection
between, and collaboration among, innovators and funding partners; (vii) develop and
manage research and development and innovation programs and schemes, in areas of
national priorities, emerging sectors and social innovation; (viii) establish, and
provide for the development and management of drivers of innovation; (ix) adopt a
strong business focus to drive innovations and growth to facilitate start-ups and assist
innovators to launch, build and grow successful businesses with the participation of
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the private sector; (x) establish strategic links between research and development,
innovation, intellectual property and other components of the knowledge economy;
(xi) participate in a process of internationalization to: (a) acquire and utilize globally
dispersed knowledge and technology; (b) collaborate with research and innovation
centers to attract aspiring entrepreneurs globally; (c) devise innovation strategic plans
and major policies; and (d) adopt and implement appropriate accountability standards
in the various operations of the country.
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