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Abstract

This paper estimates the association between innovation and employment growth
among manufacturing firms in Africa. The paper uses a cross-sectional World Bank
Enterprise Survey dataset in which innovation is categorised as product innovation
and process innovation. Results from the pooled ordinary least squares (OLS)
estimation are more efficient compared to IV 2SLS. The pooled OLS results indicate
that: (1) employment growth is positively associated with both process and product
innovation, (2) a weak business environment especially intermittent electricity supply
undermines the ability of innovation to induce employment growth and (3)
relationship between innovation and employment growth is not conditioned on firm
age although it is conditioned on firm size. Such findings suggest that employment
growth in Africa could benefit from policies and programs that induce firms to
embrace innovation. In addition, a strong business environment is necessary in
complementing the potential of innovation to enhance employment growth in
Africa.

Keywords: Employment, Product innovation, Process innovation, Africa

JEL classification: D2, J23, O31, O33, O55

Introduction
Economic progress is partly tied to innovation. Innovation in the Schumpeterian perspec-

tive is referred to as a creative destruction implying that new ways of production, organ-

isational management and products are being churned out rendering old ones obsolete.

As such, an economy’s growth dynamics is attributed to creative destruction (Aghion and

Howitt 1992). The neoclassical growth model assumes that an economy grows at its nat-

ural rate in the long run because of diminishing returns; however, introducing innovation

into the model undermines this assumption (Aghion and Akcigit 2017). Hence,

innovation is central to an economy’s economic growth dynamics and by extension to

employment growth dynamics in both the short and long run.

Following the Arab Spring—partly attributed to lack of economic participation space

among youths–policy makers in Africa have somewhat focused on how to address un-

employment. Note that the overall unemployment rate is 7.3% and 10.5% in

sub-Saharan Africa (SSA) and Middle East and North African (MENA) countries,
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respectively (WDI, 2018). Among youths between 15 and 24 years, unemployment rate

is 14.2% and 28.1% in SSA and MENA countries, respectively (World development In-

dicators, 2018). Evidently, unemployment in Africa is still a glaring challenge necessitat-

ing solution(s) identification to abate scenes reminiscent of the Arab Spring.

From the foregoing perspective, one can question whether innovation can unlock

Africa’s unemployed labour force into productive economic participation? In essence,

can innovation result into employment growth in Africa? The preceding question is

core to this paper. Since Africa is far from the technological frontier besides research

and development (R&D) being an expensive and risky venture, its innovation is largely

characterised by imitation1 (Naudé et al. 2011). However, whether innovation has re-

sulted into employment growth in Africa is an open question. In this paper, innovation

can be process2 or product3 innovation.

Empirical evidence on the relationship between innovation and employment growth

is inconclusive especially with regard to whether employment growth is associated with

process innovation. For example, there is consensus in the developed world literature

that employment growth is directly associated with product innovation (Harrison et al.

2014; Bogliacino et al. 2012; Lachenmaier and Rottmann 2011; Meriküll, 2010; Peters

2004; Greenan and Guellec 2000). However, the debate is still open with regard to the

relationship between process innovation and employment growth. For example, Harri-

son et al. (2014), Lachenmaier and Rottmann (2011) and Greenan and Guellec (2000)

argue that employment growth is positively associated with process innovation while

Peters (2004) finds a direct relationship between employment growth and process

innovation. However, Evangelista and Vezzani (2012) show that employment growth is

inversely related with process innovation.

While the related literature from developing countries is scanty, even then there is

consensus that employment growth is positively associated with product innovation in

Latin America (Elejalde et al. 2015; Aboal et al. 2015; Benavente and Lauterbach 2008).

However, the relationship between employment growth and process innovation is

equally inconclusive. For example, Elejalde et al. (2015) and Benavente and Lauterbach

(2008) argue that employment growth is not associated with process innovation. Aboal

et al. (2015) further argue that employment growth is only inversely related to process

innovation among unskilled labour workers although the relationship is neutral among

skilled workers. On the contrary, Cirera and Sabetti (2016) show that employment

growth is directly related with process innovation.

From the foregoing, empirical debate suggests that the relationship between

innovation and employment growth is rather an open question especially with regard

to the effect of process innovation on employment growth. This paper therefore seeks

to contribute to this debate by using manufacturing firm-level data across 27 African

countries in four ways. First, the paper explains the relationship between process and

product innovation and employment growth. Secondly, it identifies the existence of

complementarity effects between process and product innovation in their relationship

with employment growth. This follows Evangelista and Vezzani (2012) who show that

the strongest impact of innovation on employment growth is experienced when firms

combine process, organisational and product innovations.4 Thirdly, the paper tries to

understand whether the relationship between process and product innovation and em-

ployment growth is uniform across firm sizes and age. Finally, analysis is made on
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whether the relationship between innovation and employment growth is undermined

by a weak business environment on employment growth. Therefore, the following hy-

potheses are tested: (1) employment growth is positively associated with process and

product innovation; (2) both process and product innovation complement each other

in how they relate with employment growth; and (3) the relationship between

innovation and employment growth is conditioned on firm age, firm size and the busi-

ness environment.

The paper is similar to other papers that have used firm-level data to explain employ-

ment growth in Africa. For example, Bhaumik et al. (2007) in a study of employment

growth among firms in Egypt, India, South Africa and Vietnam shows that where firms

are 100% foreign owned, employment growth is higher. Furthermore, using a sample of

19 SSA countries, Coniglio et al. (2015) show that whereas foreign-owned firms are

generally larger than domestically owned firms, they unfortunately create more un-

skilled labour employment compared to domestically owned firms. Also, Chinese firms

are more likely to employ manual workers compared to other foreign-owned firms and

domestically owned firms (Coniglio et al. 2015). This paper is also similar to Aterido

et al. (2011) who show that employment growth among firms in developing countries

is positively associated with the quality of business environment.

The rest of the paper is structured as follows: the “Literature review” section captures

the empirical literature. The “Methods” section presents the estimation strategy, data de-

scription and models estimated. The “Results and discussion” section presents and dis-

cusses results from the preferred empirical models. The “Conclusion and policy

implications” section captures the conclusions.

Literature review
Product innovation and employment growth

There is consensus that employment growth is positively associated with product

innovation at least in developed and Latin American economies. For example, using a

multi-product model, Peters (2004) in a study of 2200 Germany firms observed over

the period 1998–2000 shows that employment growth is associated with product

innovation with a higher effect among manufacturing and larger firms. Consistent with

Peters (2004) using the two-period and two-good production model, Harrison et al.

(2014) in a study of 20,000 firms from France, Germany, Spain and the UK over the

period 1998–2000 show that employment growth is positively associated with product

innovation.

Furthermore, using a longitudinal database of 677 European manufacturing and service

firms, Bogliacino et al. (2012) test the effect of R&D on employment. They find that em-

ployment growth is positively associated with firm expenditure in R&D biased towards

product innovation among services and high-tech manufacturing firms. Finally, Fukao et al.

(2017) find similar results while using microdata from the Basic Survey of Japanese Business

Structure and Activities with R&D expenditure as a proxy for product innovation.

Process innovation and employment growth

The relationship between process innovation and employment growth is inconclusive.

For example, Harrison et al. (2014) show that employment growth is positively
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associated with process innovation while Evangelista and Vezzani (2012) and Peters

(2004) show that employment growth is negatively related with process innovation.

More specifically, Meriküll (2010) in a study of firms in Estonia shows that employment

growth is directly related with process innovation among medium and low-tech indus-

tries. Furthermore, using a dataset of 15,186 French manufacturing firms over the period

1986–1990, Greenan and Guellec (2000) show that employment growth is positively asso-

ciated with innovating firms over the medium term. Specifically, process innovation cre-

ates more jobs compared to product innovation (Greenan and Guellec 2000).

Also, Lachenmaier and Rottmann (2011) using a systems GMM methodology applied

on a panel dataset of German manufacturing firms covering a period of at least 20 years

show that employment growth is positively associated with both process and product

innovation. Most importantly though is that process innovation has a higher impact on

employment growth than product innovation (Lachenmaier and Rottmann, 2011). In

addition, using the Community Innovation Survey dataset of 65,118 firms from Czech

Republic, France, Spain, Italy, Portugal and Slovenia collected over the period 2002–

2004, Evangelista and Vezzani (2012) show that employment growth is positively asso-

ciated with innovation among firms that combine process, organisational and product

innovations.

With regard to the developing world, evidence in Latin America is similar to that

found for the developed world. Indeed, there is consensus in Latin American studies

that employment growth is positively associated with product innovation. However, the

relationship between employment growth and process innovation is equally inconclu-

sive with cases of inverse and neutral association apparent. For example, using a sample

of 1415 firms in Argentina, Elejalde et al. (2015) show that product innovation has a

positive effect on employment growth; however, the effect of process innovation on em-

ployment growth is neutral. Relatedly, Benavente and Lauterbach (2008) in a study of

firms in Chile show that employment growth is positively associated with product

innovation although neutral to process innovation. Similarly, Aboal et al. (2015) in a

study of Uruguayan manufacturing firms shows that product innovation enhances em-

ployment growth; however, process innovation reduces employment growth among un-

skilled labour although its neutral for skilled labour.

However, with regard to studies relating employment growth and innovation in Af-

rica, these are rather scarce. Indeed, other than Cirera and Sabetti (2016), no other

study has estimated the relationship between innovation and employment in Africa.

Yet even Cirera’s and Sabetti’s (2016) focus is not on Africa alone. The authors extend

their work with a sample of 15,000 firms to cover other continents besides Africa such

as South Asia, Middle East and North Africa, Eastern Europe and Central Asia to ex-

plain the relationship between innovation and employment growth. They find that

process innovation is positively associated with employment growth (ibid). To add to

the debate on Africa, this paper, however, is different from Cirera and Sabetti (2016) in

two ways. First, it attempts to understand whether the effect of innovation on employ-

ment growth is undermined by a weak business environment. Secondly, it attempts to

study the effect of innovation on employment growth when a firm engages in both

product and process innovation in comparison to when a firm that engages in either

product or process innovation or no innovation. Finally, it endeavours to understand

whether the relationship between innovation and employment growth is mediated by
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size and age of the firm. In Africa, firm-level studies on innovation and employment

growth dynamics are rather in their nascent stage, hence the need for this paper to nar-

row this gap.

Overall, the empirical literature indicates that the relationship between process

innovation and employment growth is rather inconclusive. With regard to the relation-

ship between product innovation and employment, there is consensus in the developed

world and Latin American empirical literature that employment growth is positively as-

sociated with product innovation.

Methods
Estimation strategy

Process innovation typically has a direct effect on firm productivity and therefore unit

costs. This induces price reduction of a firm’s product which leads to increased demand

for the product. Higher demand for the product could lead to more output which po-

tentially results in capacity expansion thus employment growth. Product innovation on

the other hand is associated with product demand enhancement thus the need for a

firm to adjust output upwards which potentially induces capacity expansion thus em-

ployment growth (Harrison et al. 2014).

However, note that the extent of price adjustment following process or product

innovation and ultimately output and employment growth partly depends on two con-

ditions. First is the market structure within which a firm operates. Second is the speed

of adjustment with which competitors improve their production processes or introduce

new products (Nickell 1999 in Harrison et al. 2014). Unfortunately, out of the 6400

firms in the World Bank Enterprise Survey (WBES) sample this paper uses, only 29%

responded to the question regarding the number of competitors to the firm’s main

product. This constrained the ability to control for the level of competitiveness using

the Herfindahl index in the empirical analysis. Furthermore, data regarding the speed

of adjustment of competing firms in the event a firm introduces a new product or ex-

periences price reductions attributed to efficiency gains resulting from process

innovation is not available. For example, the cross-sectional nature of the innovation

variables does not allow the possibility of using lagged values of innovation to account

for speed of competitor adjustment (Piva and Vivarelli 2004, 2005).

With regard to product innovation, it is possible that the introduction of new prod-

ucts may reduce the market share of old products. In so doing, the net effect on the de-

mand of a firm’s product may remain unchanged or marginally change thereby

inhibiting the ability of product innovation to induce output increase and thus employ-

ment growth. However, WBES does not distinguish between sales associated with new

products or old products rather; it provides information about sales as an aggregate. As

a result, this incapacitate the ability to control for the effect of product innovation

through new product sales and consequently employment growth. Therefore, given

data constraints, it is cumbersome to undertake a structural modelling approach to

estimate the relationship between innovation and employment growth in Africa as

used by Van Reenen (1997), Lachenmaier and Rottmann (2011) and Harrison et al.

(2014) among European firms. Even then, following Evangelista and Vezzani

(2012), this paper explores the association between innovation and employment
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growth among manufacturing firms in Africa by estimating Eq. 3.1 using pooled

ordinary least squares technique.

EGijc ¼ βo þ β1Ψ ijc þ β2Κ ijc þ β3Βijc þ β4γ ijc þ β5δijc þ εijc ð3:1Þ

where i, j and c index firm, sector and country, respectively. Ψ captures the innovation

variable that is Innov, Process and Product. Where Innov is a categorical variable which

captures the complementarity between process and product innovation. Process is a

categorical variable capturing whether a firm undertook process innovation or not.

Product is a categorical variable capturing whether a firm undertook product

innovation or not. Κ is a vector of firm specific characteristics. Consistent with Aterido

and Hallward-Driemeier (2010), firm-specific characteristics include sales growth,

labour productivity, nature of ownership, location, exporting and managerial

experience.

Β is a vector of business environment characteristics. Consistent with Aterido and

Hallward-Driemeier (2010), our business environment variables include electricity,

bureaucracy, source of financing, bribe and competition. γ is a dummy variable

capturing country fixed effects. Similarly, we include δ which is a dummy variable

capturing the International Standard Industrial Classification (ISIC) or industry

fixed effects. While ε is the error term which is assumed to have a zero-mean be-

sides being identically and independently distributed across firms. Therefore, Eq.

3.1 captures the relationship between employment growth and innovation while

controlling for business environment, firm specific characteristics, country fixed ef-

fects and ISIC fixed effects.

To understand whether innovation is associated with cannibalism as regards employ-

ment growth,5 then on one hand, it must be the case that β1 < 0. Implying that, employ-

ment growth is inversely associated with innovation. On other the hand, if β1 > 0, it

implies that employment growth is directly associated with innovation. To measure

complementarity effects between process and product innovation, our interest is on the

size and direction of the coefficient when a firm uses either innovation modes or a

combination of both. If β1 > 0 when a firm engages in both product and process

innovation compared to no innovation, then it follows that employment growth is dir-

ectly associated with innovation when a firm engages in both innovation modalities

hence existence of complementarity effects. Otherwise, when β1 < 0, this implies that

combinations of both process and product innovation are cannibalistic to employment

growth in comparison to no innovation.

While if β1 which is associated with a firm that chooses to use either process or prod-

uct innovation is positive and significant compared to a non-innovating firm, it would

suggest that irrespective of whether a firm chooses either innovation, employment

growth is expected to increase. Besides the innovation variable, we shall equally esti-

mate the employment growth using Process and Product as explanatory variables. In

this case, if β1 associated with Process is positive and significant, then employment

growth is positively associated with process innovation. Also, if β1 associated with

Product is positive and significant, then employment growth is positively associated

with product innovation.
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Furthermore, this paper is interested in understanding whether the relationship be-

tween innovation and employment growth is conditioned on firm size. In that regard,

interactions are made between innovation variables with firm size as shown below;

EGijc ¼ βo þ β1Ψ ijc þ β2Smallijc þ β3Largeijc þ β4 Ψ � Smallð Þijc
þβ5 Ψ � Largeð Þijc þ β6Η ijc þ β7Βijc þ β8γ ijc þ β9δijc þ εijc

ð3:2Þ

where H captures other firm specific characteristics. The interest of this paper is to

show how different coefficients β4 and β5 are from β2 and β3, respectively. On one

hand, if β2 is for instance significantly negative while β4 is significantly positive, then it

would suggest that innovation ameliorates the negative effect of small firms on employ-

ment growth. On the other hand, if β2 is significantly positive while B4 is significantly

negative, then it would suggest that employment growth is negatively associated with

innovation among small firms. The same intuition holds for the interaction between

innovation and large firms.

Using a sample of 31 SSA countries, Aterido and Hallward-Driermeier (2010) show

that employment growth is more concentrated among young firms. As such, we esti-

mate whether the relationship between employment growth and innovation is condi-

tioned on firm age using Eq. 3.3.

EGijc ¼ βo þ β1Ψ ijc þ β2Youngijc þ β3Olderijc þ β4 Ψ � Youngð Þijc
þβ5 Ψ �Olderð Þijc þ β6Y ijc þ β7Βijc þ β8γ ijc þ β9δijc þ εijc

ð3:3Þ

where Y captures other firm-specific characteristics. Our interest is on how different

coefficients β4 and β5 are from β2 and β3, respectively. If β2 is for instance significantly

negative while B4 is significantly positive, then it would suggest that employment

growth is increasing in innovation even among young firms. However, if β2 is signifi-

cantly positive while β4 is significantly negative, then it would suggest that innovation

is deleterious to employment growth among young firms. We hold a similar intuition

for the interaction between innovation and older firms.

A weak business environment undermines employment growth (Aterido and

Hallward-Driermeier 2010). Since innovation is associated with a reduction in the cost of pro-

duction (efficiency gains), therefore using Eq. 3.4, we understand whether conditioned on a

weak business environment, innovation has the potential to propagate employment growth.

EGijc ¼ βo þ β1Ψ ijc þ β2Βijc þ β3 Ψ � Βð Þijc þ β4Κ ijc þ β5γ ijc þ β6δijc þ εijc ð3:4Þ

Note that if for instance β2 is significantly negative while β3 is significantly positive,

then it would suggest that employment growth is positively associated with innovation

irrespective of the business environment. That is innovation offsets the distortionary ef-

fect of a business environment on employment growth. However, if both β2 and β3 are

significantly negative, then it would suggest that innovation does not offset the negative

effect of a weak business environment on employment growth.
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Equations 3.1, 3.2, 3.3 and 3.4 are estimated using the pooled OLS. Note that because

of the likelihood of endogeneity, since employment growth could result from a firm hir-

ing new workers who could engage in R&D, the effect of which could be new innova-

tions. Or the newly hired workers could be for purposes of managing the

implementation of the new innovations. Like in Dachs and Peters (2014) and Harrison

et al. (2014), we instrument for process and product innovations using R&D. R&D is a

binary variable taking a value of ‘1’ when a firm undertook R&D otherwise ‘0’. Unfortu-

nately this paper does not disentangle R&D in terms of whether it was aimed at process

or product innovation. As such, the R&D variable is used as is to instrument process

and product innovations. Furthermore, given that R&D is a risky and expensive ven-

ture, many developing countries typically engage in imitation rather than develop new

ideas. As such, given data limitations, this paper uses R&D as an instrument for process

and product innovations (Naudé et al., 2011).

Robustness tests

R&D as an instrument passes the first test of explaining innovation decision of a firm

as shown by the p values at the first stage. However, at the second stage, we cannot re-

ject the null hypothesis that process and product innovations are exogenous. Evidently,

the Durbin and Wu-Hausman tests for endogeneity suggest that as opposed to instru-

menting for process and product innovations using R&D, pooled OLS estimations

would offer better results for purposes of explaining the relationship between

innovation and employment growth (Table 8). Unfortunately, while Dachs and Peters

(2014) and Harrison et al. (2014) had alternative instruments—a variable that indicates

whether the product innovation was aimed at increasing the product range—given data

limitations, this alternative instrument is not possible for this paper. With this in mind,

throughout this paper, results presented and analysed are based on the pooled OLS es-

timates with standard errors clustered at firm level.

Data and variable description

Data and source

The paper uses the World Bank Enterprise Survey dataset of 6400 manufacturing firms

from 27 African countries6 (Table 1) that were eligible because they had innovation

data. Note that the surveys were undertaken in different years in different countries.

Both Rwanda and Central African Republic had the oldest dataset as the surveys were

undertaken in 2011. The WBES dataset provides a representative sample of each coun-

try’s firm performance indicators and business environment characteristics.

The sample frame is attained from a universe of eligible firms obtained from each

country’s statistical office. In the event of inadequacies, a master list of firms is attained

from (1) other government agencies such as tax or business licensing authorities and

(2) business associations or marketing databases. However, under rare occasions, the

sample frame is created via block enumeration. The surveys target formal firms with

five or more employees, and responses are solicited from business owners and top

managers.

The ability to assess the relationship between innovation and employment growth is

because in the WBES dataset, firms responded to the questions: (1) during the last 3
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years, has this establishment introduced any new or significantly improved process?

Where process includes: methods of manufacturing products or offering services; logis-

tics, delivery, or distribution methods for inputs, products, or services; or supporting

activities for processes. (2) During the last 2 years, has this establishment introduced

new or significantly improved products? The response to the two questions enabled us

to categorise firms as those that undertook: (1) either product innovation or process

innovation; (2) both process and product innovations; and (3) no innovation.

To ensure correctness of responses, questions regarding labour force characterization

and sales emphasis were made to ensure that human resource managers and accoun-

tants were also interviewed respectively.7 Thus, firms responded to the questions re-

garding the number of permanent, full-time individuals they employed in the current

year and 3 years ago which allowed us to measure employment growth. Therefore, the

questions that this paper seeks to answer are: Is process and product innovations asso-

ciated with cannibalism8 as regards employment growth? Is there complementarity be-

tween process and product innovations in how they relate with employment growth? Is

Table 1 Number of firms by country

Country Year of survey Frequency Percent

Ethiopia 2015 348 5.44

Burundi 2014 59 0.92

Uganda 2013 316 4.94

Tanzania 2013 317 4.95

Rwanda 2011 74 1.16

Kenya 2013 376 5.88

DRC 2013 184 2.88

Djibouti 2013 49 0.77

Egypt 2016 1130 17.66

Cameroon 2016 88 1.38

Central African Republic 2011 34 0.53

Ivory Coast 2016 97 1.52

Ghana 2013 339 5.3

Guinea 2016 20 0.31

Tunisia 2013 312 4.88

Zambia 2013 309 4.83

Sudan 2014 82 1.28

Swaziland 2016 65 1.02

Lesotho 2016 69 1.08

Malawi 2014 178 2.78

Mauritania 2014 50 0.78

Mali 2016 93 1.45

Morocco 2013 177 2.77

Namibia 2014 132 2.06

Senegal 2014 242 3.78

Nigeria 2014 1226 19.16

Niger 2017 34 0.53

Total 6400 100

Source: Authors’ own computation based on WBES, 2018
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the relationship between process and product innovations and employment growth uni-

form across firm sizes and age? Does innovation mitigate the effect of a weak business

environment on employment growth?

The surveys targeted manufacturing and services sectors. This paper, however, fo-

cuses on the manufacturing sector.

Variable description

Employment growth (EG) is measured as the difference between permanent employees

in the last fiscal year and 3 years before the survey divided by a firm’s average perman-

ent employees during the same period. This measure of employment growth follows

Davis and Haltiwanger (1992, 1999) and Aterido et al. (2011) with the rationale that it

allows for employment growth to be symmetric around zero with − 2 as the lower

bound and 2 as the upper bound. More specifically employment growth is

measured.

EGijc ¼ EGijct−EGijc t−3ð Þ
� �

= EGijct þ EGijc t−3ð Þ
� �

=2

where t and t − 3 index last fiscal year and 3 years before the survey, respectively. This

method of measuring employment growth is argued to be monotonically related to the

conventional measure of employment growth. Besides, it controls for employment

growth outliers that would have been associated with firms experiencing for instance

sharp contractions and expansions (Aterido et al. 2011).

Innovation is captured by process innovation and product innovation. Process

innovation (Process) takes on values of ‘1’ and ‘0’ if a firm undertook process

innovation and no process innovation, respectively. Product innovation (Product) takes

on values of ‘1’ and ‘0’ if a firm undertook product innovation and no product

innovation, respectively.

We also attempt to measure the possibility of complementarity between process and

product innovations, hence the categorical variable Innov. Innov takes on a value of ‘0’,

‘1’ and ‘2’ if a firm undertook no innovation, either product innovation or process

innovation and both process and product innovations, respectively.

Note that relationship between process innovation and employment growth involves

process innovation inducing productivity gains, thereby, reducing the unit cost of pro-

duction (Griffith et al. 2006; Lööf and Heshmati 2006; and Van Leeuwen and Klomp

2006). The reduction in the unit cost of production results in price reduction. Price re-

duction is expected to induce an increase in demand and thus the sales of the product.

The increased sales may result in an increase in productive capacity thus employment

growth (Harrison et al. 2014). While for product innovation, new products may either

increase or reduce the market share of the firm’s old product(s). The net increases in

sales, and therefore, employment growth depends on whether new products induce

growth in the market share of the firm’s products or not. Increased market share would

induce increase in a firm’s capacity which comes with employment growth. Unfortu-

nately, WBES dataset does not distinguish between sales from new products and those

from old products. Even then, sales growth (SalesG) is defined as the difference between

a firm’s sales in the last fiscal year and sales three fiscal years ago divided by three.9
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We also measure business environment characteristics because they are complimentary

to firm decisions. Specifically, we include Electricity, Bureaucracy, Bribe, Retained and

Competition. With regard to source of financing, we use retained earnings, Retained.

Retained is defined as the percentage of working capital financed by internal funds. Elec-

tricity is a proxy for the quality of public infrastructure. In this regard, Electricity takes on

the value ‘1’ if a firm experienced power outages in the last fiscal year otherwise ‘0’.

Bureaucracy is a proxy for red tape. Bureaucracy is measured as the percentage of se-

nior management time spent dealing with government officials. Bribe is captures infor-

mal payments made by firms to public officials in order to get ‘things’ done. Bribe is

measured as the percentage of total annual sales paid in informal payment by a firm.

Competition proxies competition from informal firms. Competition takes on a value of

‘1’ if a firm experiences competition from informal firms otherwise ‘0’.

Other variables of interest especially firm specific are described below. With regard to

the nature of ownership, it is categorised as Government, Domestic and Foreign. Govern-

ment takes a value of ‘1’ if at least 10% of the firm is government owned otherwise ‘0’.

Foreign takes a value of ‘1’ if at least 10% of the firm is foreign owned otherwise ‘0’. Do-

mestic takes a value of ‘1’ if at least 10% of the firm is domestically owned otherwise ‘0’.

Managerial Experience (Mexperience) measures the manager’s years of experience. The

average years of experience of a manager is 18 years. In order to take care of large values,

we take logs of Managerial Experience (lnMexperience). In terms of location, it is repre-

sented by the variable Millioncity which takes on a value of ‘1’ if the firm is located in a

city with more than a million people otherwise ‘0’. Finally, exporting takes on a value of

‘1’ if the share of a firm’s national sales are less than 100% otherwise ‘0’. In essence, a firm

is deemed to be exporting if some of its sales are sold beyond its national boundaries.

Results and discussion
Descriptive statistics

Table 1 presents the number of firms surveyed for each country by year of survey. In

addition, across countries and irrespective of year of survey, manufacturing firms of

interest are further categorized using the two-digit ISIC classification levels (Table 2).

More specifically, with respective to firm size, small firms employ between 5 and 20

employees. These constitute 47% of firms (Table 3). At 78%, Nigeria has the highest

proportion of small firms followed by Guinea, Djibouti and Tanzania, all at 71%.

Medium scale firms employ more than 20 employees but less than 99 employees and

constitute 32% of the entire sample (Table 3). At 73%, Burundi has the highest propor-

tion of medium firms followed by Niger, Morocco, Mali and Tunisia at about 45% on

average with Namibia (13%) and Ivory Coast (17%) having the smallest proportion of

medium firms. Large firms employ over 100 employees and constitute 21% of the entire

sample (Table 3). Lesotho (32%) and Malawi (30%) have the highest proportion of large

firms. Both Djibouti and Niger did not have large firms in the sample.

With regard to age, firms are categorized as young, mature and older. Young firms

are those that have been in existence for less than 5 years; mature firms have been in

existence for between 6 and 15 years while older firms have been in existence for at

least 16 years and above. From Table 3, 7%, 37% and 55% of firms are young, mature

and older firms, respectively. Across the entire sample, the average age of firms is 20
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years. Namibia, CAR, Rwanda and DRC have the highest proportion of young firms at

40%, 38%, 32% and 30%, respectively. Lesotho has the lowest proportion of young firms

at 1% followed by Kenya, Malawi and Swaziland at 2% on average. With regard to ma-

ture firms, Lesotho and Uganda have the highest proportion of mature firms at 61%

followed by Tanzania at 54%. While at 21%, 25% and 26%, Kenya, Egypt and Burundi

have the lowest proportion of mature firms, respectively. With regard to older firms,

Rwanda, Namibia and CAR have the lowest older firms.

From Table 3, the mean employment growth rate is 0.106. Guinea, Tanzania and

Rwanda have the highest employment growth level at 0.31, 0.17 and 0.24, respectively.

While at − 0.11, − 0.03 and − 0.003, Lesotho, Egypt and Niger have the lowest employ-

ment growth, respectively.

About 50.4% of firms undertook process innovation (Table 3). Rwanda, Kenya and

Uganda hand the highest proportion of firms that undertook process innovation at

87%, 83% and 81%, respectively. While Egypt, Lesotho and Cameroon had the lowest

proportion of firms that undertook process innovation at 4%, 5% and 10%, respectively.

Furthermore, 43% of firms were engaged in product innovation (Table 3). At 74%, 68%

and 68%, Uganda, Kenya and Namibia had the highest proportion of firms that under-

took product innovation, respectively. In addition, 35.4% of firms were engaged in both

product and process innovation. Furthermore, 21.3% of firms undertook either product

or process innovation. Finally, 43.3% of firms undertook no innovation.

Table 2 Manufacturing firms by ISIC

ISIC Industry name Frequency Percent

15 Manufacture of leather and related products 1733 27.08

16 Manufacture of wood and of products of wood and cork, except
furniture; manufacture of articles of straw and plaiting material

15 0.23

17 Manufacture of paper and paper products 312 4.88

18 Printing and reproduction of recorded media 705 11.02

19 Manufacture of coke and refined petroleum products 192 3

20 Manufacture of chemicals and chemical products 282 4.41

21 Manufacture of basic pharmaceutical products and pharmaceutical
preparations

98 1.53

22 Manufacture of rubber and plastics products 521 8.14

23 Manufacture of other non-metallic mineral products 37 0.58

24 Manufacture of basic metals 427 6.67

25 Manufacture of fabricated metal products, except machinery
and equipment

370 5.78

26 Manufacture of computer, electronic and optical products 595 9.3

27 Manufacture of electrical equipment 161 2.52

28 Manufacture of machinery and equipment n.e.c. 625 9.77

29 Manufacture of motor vehicles, trailers and semi-trailers 171 2.67

30 Manufacture of other transport equipment 3 0.05

31 Manufacture of furniture 120 1.88

32 Other manufacturing 11 0.17

33 Manufacture of leather and related products 22 0.34

Total 6400 100

Source: Authors’ own computation based on WBES, 2018
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Firms in Uganda (27%), Tanzania (24%), Ivory Coast (6%) and Kenya (2%) have nega-

tive sales growth, respectively. While those in Sudan (94%), Nigeria (23%) and Guinea

(19%) have the highest sales growth. Across the entire sample, the average sales growth

is 10%. Productivity (Prod) is defined as the ratio of sales in the last fiscal year divided

by the current year employment. Overall, the mean labour productivity in the sample is

US$206,967. About 73% of working capital used by firms is financed by internal funds.

Retained captures the extent of exclusion from the credit market.

On average, 70% of firms reported to have experienced electricity outages with the

highest cases reported in Niger, Burundi, Ghana and Sudan at about 92% on average.

Firms in Tunisia, Namibia, Morocco and Egypt reported to have least experienced elec-

tricity outages. With regard to bureaucracy, on average, 10.3% of senior management

time was spent dealing with government officials. More bureaucracies were found in

Tunisia (45%) and Niger (19%) while Swaziland, Djibouti, Sudan and Tanzania had the

least time in which senior managers of firms spent negotiating with public officials,

respectively.

Table 3 Descriptive summary statistics

Variable No. of observations Mean Std. Dev. Min Max

Employment growth 6400 0.11 0.45 − 2 2

Innov (0 = no innovation)

1 (= Process/Product) 6400 0.21 0.41 0 1

2 (=Process × Product) 6400 0.35 0.48 0 1

Product (1 = yes) 6351 0.43 0.49 0 1

Process (1 = yes) 6303 0.50 0.50 0 1

SalesG 6262 0.10 0.79 − 4.37 7

Productivity 6336 207,645.40 7,786,660.00 1.10265 6.06E + 08

R&D (1 = yes) 6326 0.21 0.41 0 1

Retained (1 = yes) 6393 0.73 0.33 0 1

Small (1 = yes) 6400 0.47 0.50 0 1

Medium (1 = yes) 6400 0.32 0.47 0 1

Large (1 = yes) 6400 0.21 0.41 0 1

Age 6164 19.96 15.58 0 212

Young (1 = yes) 6208 0.07 0.26 0 1

Older (1 = yes) 6162 0.55 0.50 0 1

Mature (1 = yes) 6400 0.37 0.48 0 1

Mexperience 6202 17.90 11.12 1 72

Domestic 6372 0.88 0.32 0 1

Foreign (1 = yes) 6355 0.17 0.38 0 1

Government (1 = yes) 6360 0.05 0.23 0 1

Millioncity (1 = yes) 6400 0.36 0.48 0 1

Exporting (1 = yes) 6400 0.28 0.45 0 1

Electricity (1 = yes) 6350 0.70 0.46 0 1

Bureaucracy 6359 10.26 21.34 0 100

Bribe 6298 1.46 6.73 0 100

Competition (1 = yes) 5995 0.57 0.50 0 1

Source: Authors’ own computation based on WBES, 2018
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About 1.5% of total annual sales are lost as informal payments (bribes) to public offi-

cials especially by firms in Niger, Mali Cameroon and CAR while those in Rwanda,

Morocco and Senegal paid the least bribes. From Table 3, 57% of firms experience com-

petition from informal firms. Furthermore, about 17%, 88.4% and 5.5% of firms are for-

eign, domestic and government owned, respectively. In addition, on average, 28% of

firms engage in exporting part of their total sales.

Empirical model estimates and analysis

Equations 3.1 to 3.4 are estimated using the pooled OLS with results in Tables 4, 5, 6 and 7,

respectively. Note the likelihood of endogeneity since employment growth can result from a

firm hiring new workers who engage in R&D, the effect of which can be new innovations.

Or the newly hired workers can be for purposes of managing the implementation of the

new innovations. Hence, instrumental variable estimates for 2SLS are presented in Table 8.

Employment growth is positively associated with product innovation (Table 4—

models 3, 6 and 9). Results are consistent with findings by Peters (2004), Benavente

and Lauterbach (2008), Bogliacino et al. (2012), Greenan and Guellec (2000), Lachen-

maier and Rottmann (2011), Evangelista and Vezzani (2012), Harrison et al. (2014), Ele-

jalde et al. (2015) and Aboal et al. (2015). The positive relationship between product

innovation and employment is attributed to the increase in sales and thus firm market

share following the introduction of a new product (Harrison et al. 2014). Nonetheless,

due to data constraints, the relationship between product innovation and sales growth

from the new products was not undertaken.

Furthermore, employment growth is positively associated with process innovation

(Table 4—model 5). This result is consistent with Greenan and Guellec (2000), Lachen-

maier and Rottmann (2011), Harrison et al. (2014), Cirera and Sabetti (2016) and Fukao

et al. (2017) who show that employment growth is positively associated with process

innovation. The link between process innovation and employment growth is through

unit cost reductions associated with efficiency gains attributed to process innovation.

The reduction in unit costs results in price reduction hence an increase in firm sales.

The increase in firm sales induces capacity enhancement implying employment growth.

Despite the lack of data on prices of firm products following process innovations to

allow for a structural analysis from process innovation to employment growth, even

then, Table 9—models 2 and 5—shows that productivity is positively associated with

process innovation.10 The positive relationship between productivity and process

innovation is partly because process innovation results in efficiency gains which induce

price reductions leading to higher sales. Indeed, from Table 10 (models 2 and 5) sales

growth is positively associated with both productivity and process innovation. Higher

sales induce incentives for capacity growth implying employment growth.

Moreover, product and process innovations are associated with complementarity ef-

fects in their relationship with employment growth. Firms that engage in both process

and product innovation are associated with positive employment growth compared to

non-innovating firms (Table 4—models 1 and 4). Evangelista and Vezzani (2012) also

found similar results in which employment growth was strongest among firms that en-

gaged in process, organisational and product innovations.11 The complementarity per-

haps suggests that it is not enough to introduce new products, rather they ought to be
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Table 4 Baseline model, employment growth and innovation

(1) (2) (3) (4) (5) (6)

Employment
growth

Employment
growth

Employment
growth

Employment
growth

Employment
growth

Employment
growth

Innov (0 = no innovation)

(= Process/Product) − 0.006 0.0001

(0.0160) (0.0168)

2 (= Process ×
Product)

0.04* 0.06***

(0.0156) (0.0166)

Process (1 = yes) 0.01 0.03*

(0.0140) (0.0148)

Product (1 = yes) 0.04*** 0.05***

(0.0125) (0.0132)

SalesG 0.04*** 0.04*** 0.04*** 0.04*** 0.04*** 0.04***

(0.0106) (0.0108) (0.0107) (0.0114) (0.0115) (0.0114)

Productivity − 0.03*** − 0.03*** − 0.03*** − 0.03*** − 0.03*** − 0.03***

(0.00439) (0.00440) (0.00438) (0.00455) (0.00456) (0.00453)

Retained 0.002 0.002 0.001 0.004 0.006 0.003

(0.0192) (0.0194) (0.0192) (0.0200) (0.0202) (0.0200)

Size

Medium 0.09*** 0.09*** 0.09*** 0.08*** 0.09*** 0.08***

(0.0145) (0.0147) (0.0145) (0.0151) (0.0152) (0.0151)

Large 0.1*** 0.1*** 0.1*** 0.1*** 0.1*** 0.1***

(0.0194) (0.0195) (0.0195) (0.0202) (0.0202) (0.0202)

lnAge − 0.04*** − 0.04*** − 0.04*** − 0.04*** − 0.05*** − 0.05***

(0.00881) (0.00882) (0.00877) (0.00910) (0.00910) (0.00905)

lnMexperience 0.009 0.007 0.009 0.009 0.007 0.009

(0.00935) (0.00922) (0.00913) (0.00980) (0.00965) (0.00955)

Foreign (1 = yes) 0.002 − 0.0004 0.001 − 0.005 − 0.009 − 0.005

(0.0162) (0.0163) (0.0161) (0.0170) (0.0170) (0.0169)

Government (1 = yes) 0.06 0.06 0.07+ 0.07+ 0.07+ 0.08*

(0.0386) (0.0393) (0.0380) (0.0403) (0.0408) (0.0395)

Millioncity (1 = yes) − 0.005 − 0.005 − 0.006 − 0.01 − 0.01 − 0.01

(0.0133) (0.0134) (0.0133) (0.0137) (0.0137) (0.0136)

Exporting (1 = yes) − 0.008 − 0.005 − 0.009 − 0.02 − 0.01 − 0.02

(0.0150) (0.0151) (0.0150) (0.0156) (0.0157) (0.0156)

Electricity (1 = yes) − 0.03+ − 0.02 − 0.03+

(0.0155) (0.0154) (0.0154)

Bureaucracy − 0.0006* − 0.0006* − 0.0006*

(0.000277) (0.000278) (0.000276)

Bribe 0.0008 0.0007 0.0007

(0.000974) (0.000972) (0.000963)

Competition (1 = yes) − 0.01 − 0.01 − 0.01

Country fixed effects Yes Yes Yes Yes Yes Yes

ISIC fixed effects Yes Yes Yes Yes Yes Yes

(0.0129) (0.0129) (0.0128)

Constant 0.4*** 0.4*** 0.4*** 0.4*** 0.4*** 0.4***
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complimented with an efficient organisational and logistical framework to ensure con-

sistent supplies in terms of quality and quantity in the shortest time possible.

Also, the complementarity between process and product innovation in propagating

employment growth is evident among young and older firms. Table 5 (model 1) shows

that employment growth is increasing among older and young firms that engage in

both process and product innovation compared to the non-innovators. This suggests

that irrespective of a firm’s age, employment growth is likely to increase among firms

that engage in any form of innovation.

Furthermore, employment growth is negatively associated with small firms but posi-

tively in large firms (Table 4—models 4, 5, 6, 7, 8 and 9). Such findings suggest that

employment growth in Africa is more likely among large firms compared to small

firms. Since firm size is measured by the number of workers a firm employs, then re-

sults can also simply suggest that firms may not have an incentive to upgrade from

their initial size. This shows limitations in transitions among firms.

Note that across all models, employment growth is positively associated with medium

and large firms compared to small firms (Table 4). An attempt is further made to

understand whether the relationship between innovation and employment growth is

conditioned on firm size. From Table 6, results from model 1 after interacting

innovation and firm size show that employment growth is positively associated with

innovation among firms that engage in both process and product innovation compared

to firms that do not engage in innovation. The relationship is strongest among large

firms and neutral among small firms. In addition, employment growth is directly re-

lated to innovation among firms that choose either product or process innovation com-

pared to firms that do not engage in innovation especially among large firms.

Furthermore, interactions between process innovation and large firms indicate that

the relationship between process innovation and employment growth is positive and

significant (Table 6—model 2). The result suggests the relationship between innova-

tions especially process innovation, and employment growth is conditioned on firm

size. Indeed, Meriküll (2010) also find similar findings among medium firms in Estonia.

Furthermore, Table 6 (model 3) shows that the positive relationship between employ-

ment growth and product innovation is not conditioned on large or small firms in Af-

rica. This is contrary to Peters (2004) who argues that employment growth is positively

associated with product innovation among larger firms in Germany.

In light of firm age, across all models in Table 4, employment growth is inversely re-

lated with firm age, suggesting that the older a firm is, the lower the likelihood of

Table 4 Baseline model, employment growth and innovation (Continued)

(1) (2) (3) (4) (5) (6)

Employment
growth

Employment
growth

Employment
growth

Employment
growth

Employment
growth

Employment
growth

(0.0511) (0.0512) (0.0507) (0.0549) (0.0551) (0.0547)

N 5822 5762 5798 5389 5337 5370

R2 0.062 0.060 0.062 0.066 0.063 0.067

Adj. R2 0.053 0.051 0.053 0.055 0.053 0.056

Note: (1) All models are pooled OLS with standard errors adjusted for clusters using unique firm identifiers. (2) Standard
errors in parentheses. (3) Significance levels: +p < 0.10, *p < 0.05, ***p < 0.001
Source: Authors’ own computation based on WBES, 2018
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Table 5 Interaction between innovation and firm age

(1) (2) (3)

Employment growth Employment growth Employment growth

Innov (0 = no innovation)

1 (= Process/Product) − 0.03

(0.0267)

2 (= Process × Product) 0.001

(0.0247)

Process (1 = yes) − 0.02

(0.0218)

Product (1 = yes) 0.02

(0.0209)

Young (1 = yes) − 0.02 − 0.01 0.002

(0.0412) (0.0386) (0.0351)

Older (1 = yes) − 0.10*** − 0.09*** − 0.08***

(0.0202) (0.0189) (0.0176)

Innovation × Young

1 0.03

(0.0647)

2 0.1+

(0.0593)

Innovation × Older

1 0.05

(0.0330)

2 0.07*

(0.0296)

Process × Young 0.08

(0.0519)

Process × Older 0.07**

(0.0259)

Product × Young 0.07

(0.0521)

Product × Older 0.05+

(0.0259)

Country fixed effects Yes Yes Yes

ISIC fixed effects Yes Yes Yes

Constant 0.5*** 0.5*** 0.5***

(0.0587) (0.0589) (0.0585)

N 5168 5117 5146

R2 0.072 0.069 0.071

Adj. R2 0.060 0.057 0.060

Note: (1) All models are pooled OLS with standard errors adjusted for clusters using unique firm identifiers. (2) Standard
errors in parentheses. (3) Significance levels: +p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001. (3) All models control for firm-
specific and business environment characteristics
Source: Authors’ own computation based on WBES, 2018
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Table 6 Interaction between innovation and firm size

(1) (2) (3)

Employment growth Employment growth Employment growth

Innov (0 = no innovation)

1 (= Process/Product) − 0.03

(0.0260)

2 (=Process × Product) 0.05*

(0.0247)

Process (1 = yes) 0.02

(0.0219)

Product (1 = yes) 0.06**

(0.0211)

Small (1 = yes) − 0.08*** − 0.08*** − 0.07***

(0.0211) (0.0198) (0.0183)

Large (1 = yes) − 0.02 − 0.008 0.02

(0.0230) (0.0215) (0.0214)

Innovation × Large

1 0.1**

(0.0400)

2 0.09**

(0.0348)

Innovation × Small

1 0.01

(0.0337)

2 − 0.03

(0.0312)

Process × Large 0.10**

(0.0311)

Process × Small − 0.02

(0.0272)

Product × Large 0.05

(0.0309)

Product × Small − 0.04

(0.0274)

Country fixed effects Yes Yes Yes

ISIC fixed effects Yes Yes Yes

Constant 0.5*** 0.5*** 0.5***

(0.0586) (0.0590) (0.0582)

N 5389 5337 5370

R2 0.069 0.066 0.068

Adj. R2 0.057 0.055 0.057

Note: (1) All models are pooled OLS with standard errors adjusted for clusters using unique firm identifiers. (2) Standard
errors in parentheses. (3) Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001. (3) All models control for firm-specific and
business environment characteristics
Source: Authors’ own computation based on WBES, 2018
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Table 7 Interaction between innovation and the business environment

(1) (2) (3)

Employment growth Employment growth Employment growth

Innov (0 = no innovation)

1 (= Process/Product) 0.07*

(0.0322)

2 (= Process × Product) 0.1**

(0.0371)

Process (1 = yes) 0.10**

(0.0304)

Product (1 = yes) 0.09**

(0.0314)

Electricity (1 = yes) 0.01 0.01 − 0.003

(0.0190) (0.0181) (0.0168)

Bureaucracy − 0.0006 − 0.0006 − 0.0007+

(0.000420) (0.000399) (0.000375)

Bribe 0.001 0.002 0.0005

(0.00142) (0.00144) (0.00131)

Competition − 0.007 − 0.005 − 0.02

(0.0186) (0.0172) (0.0160)

Innovation × Electricity

1 − 0.09**

(0.0340)

2 − 0.09**

(0.0345)

Innovation × Bureaucracy 0.00010

(0.000312)

Innovation × Bribe − 0.0005

(0.000989)

Innovation × Competition

1 − 0.02

(0.0308)

2 − 0.0007

(0.0285)

Process × Electricity − 0.08**

(0.0286)

Process × Bureaucracy 0.00008

(0.000525)

Process × Bribe − 0.001

(0.00190)

Process × Competition − 0.009

(0.0245)

Product × Electricity − 0.07*

(0.0299)

Product × Bureaucracy 0.0003

(0.000531)
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employment growth. However, interacting firm age and innovation shows that the rela-

tionship between innovation and employment growth is not conditioned on firm age.

Specifically, Table 5 (model 2) reveals that employment growth is positively associated

with process innovation among older firms. This implies that process innovation im-

proves efficiency among older firms resulting in lower costs of production which also

result in price reduction hence increased demand for the firm’s product(s). This, in

turn, induces capacity enhancement which further result in employment growth. Also,

employment growth is directly related with product innovation among older firms.

Similarly, employment growth is shown to be positively associated with older and youn-

ger firms that engage in both process and product innovation (Table 5—model 1).

Hence, the relationship between innovation and employment growth is not conditioned

on firm age.

With regard to the business environment, employment growth is undermined among

firms that experience electricity outages compared to those that do not (Table 4—

models 4 and 6). Since electricity outages represent the quality of public infrastructure,

this suggests that poor public infrastructure undermines employment growth. Electri-

city outages are associated with production inefficiencies as a result of idleness during

blackouts. This can ultimately lead to laying off workers especially if the shortages

negatively affect firm sales and thus profits. Also, employment growth is inversely re-

lated to bureaucratic rigidities (Table 4—models 4, 5 and 6). Since bureaucratic rigidi-

ties proxy the quality of institutional framework, results thus suggest that a weak

institutional framework undermines employment growth. Note that red tape results in

misallocation of production time among managers. As opposed to thinking about the

strategic direction of a firm, managers are bogged down in non-productive meetings

with public officials which undermine firm productivity and profitability potentially

constraining employment growth. Therefore, consistent with Aterido and

Hallward-Driermeier (2010), results herein indicate that employment growth is in-

versely related with a weak business environment.

Table 7 Interaction between innovation and the business environment (Continued)

(1) (2) (3)

Employment growth Employment growth Employment growth

Product × Bribe 0.0004

(0.00189)

Product × Competition 0.02

(0.0248)

Country fixed effects Yes Yes Yes

ISIC Yes Yes Yes

Constant 0.4*** 0.4*** 0.4***

(0.0570) (0.0567) (0.0558)

N 5389 5337 5370

R2 0.068 0.065 0.068

Adj. R2 0.056 0.054 0.057

Note: (1) All models are pooled OLS with standard errors adjusted for clusters using unique firm identifiers. (2) Standard
errors in parentheses. (3) Significance levels: +p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001. (4) All models control for
firm-specific characteristics
Source: Authors’ own computation based on WBES, 2018
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Table 8 Instrumental variables (2SLS) regressions

(1) (2) (3) (4)

Employment growth Employment growth Employment growth Employment growth

Process (1 = yes) 0.03 − 0.0001

(0.0627) (0.0659)

Product (1 = yes) 0.03 0.002

(0.0574) (0.0601)

SalesG 0.04*** 0.04*** 0.04*** 0.04***

(0.0107) (0.0106) (0.0114) (0.0113)

Productivity − 0.03*** − 0.03*** − 0.03*** − 0.03***

(0.00453) (0.00449) (0.00475) (0.00468)

Retained 0.003 0.0005 0.004 0.001

(0.0196) (0.0192) (0.0202) (0.0200)

Size (small)

Medium 0.09*** 0.09*** 0.09*** 0.08***

(0.0153) (0.0150) (0.0160) (0.0156)

Large 0.1*** 0.1*** 0.1*** 0.1***

(0.0205) (0.0204) (0.0214) (0.0210)

lnAge − 0.04*** − 0.04*** − 0.05*** − 0.05***

(0.00880) (0.00877) (0.00908) (0.00906)

lnMexperience 0.007 0.008 0.007 0.008

(0.00918) (0.00911) (0.00961) (0.00954)

Foreign (1 = yes) − 0.001 − 0.001 − 0.008 − 0.008

(0.0162) (0.0161) (0.0170) (0.0169)

Government (1 = yes) 0.06 0.07+ 0.07+ 0.07+

(0.0383) (0.0380) (0.0397) (0.0395)

Millioncity (1 = yes) − 0.006 − 0.005 − 0.01 − 0.01

(0.0133) (0.0132) (0.0137) (0.0137)

Exporting (1 = yes) − 0.005 − 0.004 − 0.009 − 0.009

(0.0160) (0.0160) (0.0166) (0.0167)

Electricity (1 = yes) − 0.02 − 0.02

(0.0162) (0.0164)

Bureaucracy − 0.0006* − 0.0005*

(0.000287) (0.000280)

Bribe 0.0007 0.0007

(0.000959) (0.000956)

Competition − 0.008 − 0.010

(0.0137) (0.0141)

Country fixed effects Yes Yes Yes Yes

ISIC fixed effects Yes Yes Yes Yes

Constant 0.4*** 0.4*** 0.4*** 0.5***

(0.0538) (0.0520) (0.0555) (0.0549)

N 5735 5764 5313 5342
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With regard to whether the relationship between innovation and employment growth

is conditioned on the quality of business environment, results in Table 7 (models 2 and

3) indicate that employment growth is positively associated with both process and

product innovations. However, employment growth is inversely related to process and

product innovation among firms that experience electricity outages compared to firms

that do not experience electricity outages. This result suggests that the positive associ-

ation between innovation and employment growth is conditioned on the availability of

consistent electricity supply. Simply put, results therefore suggest that if the positive re-

lationship between innovation and employment growth is to be optimized, the quality

and quantity of public infrastructure should be good.

Conclusion and policy implications
Using the WBES dataset of manufacturing firms from 27 African countries, this paper

set out to understand whether (1) there is positive, negative or neutral relationship be-

tween employment growth and innovation, (2) there is complementarity between

process and product innovation in how they relate with employment growth, (3) the re-

lationship between innovation and employment growth is uniform irrespective of firm

size and age and (4) the relationship between innovation and employment growth is

conditioned on the quality of the business environment.

Results indicate that employment growth is positively associated with both process

and product innovations. Moreover, process and product innovation complement each

other in their relationship with employment growth. However, findings also reveal that

the relationship between employment growth and innovation is not conditioned on

firm age but on firm size. Furthermore, employment growth is inversely related to a

weak business environment especially among firms that experience electricity outages/

rationing and red tape. Simply put, the relationship between innovation and employ-

ment growth is conditioned on the quality of business environment.

Findings also suggest that mechanisms to enhance employment growth in Africa

could target incentives aimed at inducing firms to engage in process and product inno-

vations. This is especially so as both process and product innovations are shown to en-

hance both sales growth and productivity. Also, the effect of sales growth is an increase

in the production capacity of firms which implicitly suggests employment growth. In-

deed, the paper findings show that employment growth is associated with both process

and product innovation as such African governments ought to identify the necessary

incentives to induce innovation.

Table 8 Instrumental variables (2SLS) regressions (Continued)

(1) (2) (3) (4)

Employment growth Employment growth Employment growth Employment growth

R2 0.059 0.061 0.062 0.063

Adj. R2 0.050 0.052 0.051 0.052

Prob > F (First stage) 0.0000 0.0000 0.0000 0.0000

Durbin (score) chi(2) 0.8313 0.7520 0.6591 0.4036

Wu-Hausman 0.8322 0.7532 0.6610 0.4064

Note: (1) All models are estimated with standard errors adjusted for clusters using unique firm identifiers. (2) Standard
errors in parentheses. (3) Significance levels: +p < 0.10, *p < 0.05, ***p < 0.001
Source: Authors’ own computation based on WBES, 2018
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Table 9 Innovation and productivity
(1) (2) (3) (4) (5) (6)

Productivity Productivity Productivity Productivity Productivity Productivity

Innov (0 = no innovation)

1 (= Process/Product) 0.3*** 0.3***

(0.0588) (0.0613)

2 (= Process × Product) 0.3*** 0.3***

(0.0580) (0.0616)

Process (1 = yes) 0.3*** 0.3***

(0.0514) (0.0544)

Product (1 = yes) 0.2*** 0.2***

(0.0478) (0.0503)

Retained 0.01 0.008 − 0.002 − 0.02 − 0.03 − 0.03

(0.0699) (0.0705) (0.0700) (0.0731) (0.0735) (0.0733)

Size (small)

Medium 0.2*** 0.2*** 0.3*** 0.2*** 0.2*** 0.2***

(0.0506) (0.0508) (0.0508) (0.0530) (0.0532) (0.0533)

Large 0.6*** 0.6*** 0.7*** 0.6*** 0.6*** 0.6***

(0.0698) (0.0701) (0.0702) (0.0732) (0.0734) (0.0735)

lnAge 0.1*** 0.1*** 0.1*** 0.1*** 0.1*** 0.1***

(0.0321) (0.0325) (0.0325) (0.0331) (0.0336) (0.0335)

lnMexperience 0.05 0.05 0.05 0.05 0.05 0.05

(0.0346) (0.0350) (0.0349) (0.0356) (0.0360) (0.0359)

Foreign (1 = yes) 0.4*** 0.4*** 0.4*** 0.4*** 0.4*** 0.4***

(0.0650) (0.0657) (0.0654) (0.0677) (0.0685) (0.0680)

Government (1 = yes) − 0.7*** − 0.7*** − 0.7*** − 0.6*** − 0.7*** − 0.7***

(0.128) (0.131) (0.129) (0.134) (0.137) (0.135)

Millioncity (1 = yes) 0.3*** 0.3*** 0.3*** 0.3*** 0.3*** 0.3***

(0.0510) (0.0513) (0.0512) (0.0526) (0.0529) (0.0528)

Exporting (1 = yes) 0.1* 0.1* 0.1* 0.1* 0.1* 0.1*

(0.0565) (0.0569) (0.0565) (0.0588) (0.0591) (0.0588)

Electricity − 0.07 − 0.07 − 0.06

(0.0529) (0.0530) (0.0532)

Bureaucracy − 0.0007 − 0.0005 − 0.0004

(0.000949) (0.000951) (0.000954)

Bribe − 0.008+ − 0.007+ − 0.008+

(0.00399) (0.00404) (0.00403)

Competition (1 = yes) − 0.06 − 0.06 − 0.06

(0.0464) (0.0467) (0.0465)

Country fixed effects Yes Yes Yes Yes Yes Yes

ISIC fixed effects Yes Yes Yes Yes Yes Yes

Constant 8.4*** 8.5*** 8.5*** 8.6*** 8.6*** 8.7***

(0.132) (0.133) (0.131) (0.146) (0.147) (0.146)

N 5889 5824 5865 5442 5386 5423

R2 0.397 0.396 0.393 0.399 0.398 0.395

Adj. R2 0.391 0.390 0.388 0.392 0.391 0.389

Note: (1) All models are pooled OLS with standard errors adjusted for clusters using unique firm identifiers. (2)
Standard errors in parentheses. (3) Significance levels: +p < 0.10, *p < 0.05, ***p < 0.001
Source: Authors’ own computation based on WBES, 2018

Okumu et al. Journal of Innovation and Entrepreneurship             (2019) 8:7 Page 23 of 27



Table 10 Sales growth and innovation

(1) (2) (3) (4) (5) (6)

Sales
growth

Sales
growth

Sales
growth

Sales
growth

Sales
growth

Sales
growth

Innov (0 = no innovation)

1 (= Process/Product) 0.06* 0.07*

(0.0274) (0.0289)

2 (= Process × Product) 0.05* 0.04

(0.0266) (0.0271)

Productivity 0.1*** 0.1*** 0.1*** 0.1*** 0.1*** 0.1***

(0.00897) (0.00886) (0.00893) (0.00917) (0.00904) (0.00916)

Process (1 = yes) 0.07** 0.05*

(0.0234) (0.0241)

Product (1 = yes) 0.02 0.01

(0.0229) (0.0236)

Retained − 0.1** − 0.08* − 0.1** − 0.10** − 0.08* − 0.1**

(0.0371) (0.0364) (0.0373) (0.0376) (0.0369) (0.0379)

Size (small)

Medium − 0.03 − 0.04+ − 0.03 − 0.02 − 0.03 − 0.02

(0.0240) (0.0237) (0.0240) (0.0251) (0.0249) (0.0251)

Large − 0.02 − 0.02 − 0.02 − 0.03 − 0.03 − 0.02

(0.0371) (0.0371) (0.0369) (0.0389) (0.0390) (0.0389)

lnAge − 0.03** − 0.03** − 0.03* − 0.03* − 0.03* − 0.03*

(0.0134) (0.0134) (0.0135) (0.0132) (0.0133) (0.0133)

lnMexperience − 0.01 − 0.009 − 0.01 − 0.007 − 0.004 − 0.007

(0.0162) (0.0163) (0.0162) (0.0168) (0.0170) (0.0169)

Foreign (1 = yes) − 0.02 − 0.02 − 0.02 − 0.03 − 0.02 − 0.03

(0.0278) (0.0278) (0.0280) (0.0285) (0.0285) (0.0287)

Government (1 = yes) 0.2* 0.2* 0.2* 0.2+ 0.2+ 0.2*

(0.0822) (0.0829) (0.0819) (0.0855) (0.0868) (0.0857)

Millioncity (1 = yes) − 0.02 − 0.03 − 0.03 − 0.02 − 0.03 − 0.02

(0.0254) (0.0250) (0.0254) (0.0259) (0.0257) (0.0260)

Exporting (1 = yes) − 0.006 − 0.006 − 0.0007 0.004 0.003 0.006

(0.0286) (0.0286) (0.0285) (0.0296) (0.0297) (0.0298)

Electricity (1 = yes) − 0.02 − 0.02 − 0.02

(0.0266) (0.0264) (0.0267)

Bureaucracy − 0.0009* − 0.0008* − 0.0008*

(0.000406) (0.000406) (0.000408)

Bribe 0.003+ 0.003+ 0.003+

(0.00192) (0.00195) (0.00193)

Competition − 0.01 − 0.005 − 0.008

(0.0223) (0.0223) (0.0224)

Country fixed effects Yes Yes Yes Yes Yes Yes

ISIC fixed effects Yes Yes Yes Yes Yes Yes
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Furthermore, this paper was able to establish that a weak business environment char-

acterized by, for example, poor quality public infrastructure (as proxied by electricity

supply) undermines the ability of product and process innovations to induce employ-

ment growth. Thus, findings lay emphasis on the importance of coordination between

public services and private sector investment. In essence, private sector investment is

rendered suboptimal in the midst of inadequate public services. As such, analysis sug-

gests that African governments ought to strengthen the quality and quantity of public

infrastructure as these have the ability to enable firms to optimize the benefits of

innovation with the ultimate effect being employment growth.

Endnotes
1http://www.worldbank.org/en/news/speech/2017/11/30/innovation-in-africa
2Process innovation refers to any new or significantly improved methods of manufac-

turing products or offering services; logistics, delivery, or distribution methods for in-

puts, products, or services; or supporting activities for processes.
3Product innovation on the other hand refers to introduction of new or significantly

improved products.
4In our paper, process innovation by definition includes organisational innovation.
55 To mean innovation is destructive to employment.
6Ethiopia, Burundi, Uganda, Tanzania, Rwanda, Kenya, Democratic Republic of

Congo (DRC), Djibouti, Egypt, Cameroon, Central African Republic (CAR), Ivory

Coast, Ghana, Guinea, Tunisia, Zambia, Sudan, Swaziland, Lesotho, Malawi,

Mauritania, Mali, Morocco, Namibia, Senegal, Nigeria and Niger
7For a detailed explanation about the sample methodology and questionnaire used in

data collection, please refer to http://www.enterprisesurveys.org/methodology
8Cannibalism is a term in the innovation-employment growth literature to mean that

innovation is associated with employment destruction to the extent that employment

growth is undermined.
9For comparability across countries, we convert sales into US dollars using the aver-

age exchange rate of the year in which the survey was undertaken.
10This is consistent with Griffith et al. (2006), Lööf and Heshmati (2006), and Van

Leeuwen and Klomp (2006) who show that firm productivity is increasing among firms

that innovate.
11In this paper, organisational innovation is part of process innovation.

Table 10 Sales growth and innovation (Continued)

(1) (2) (3) (4) (5) (6)

Sales
growth

Sales
growth

Sales
growth

Sales
growth

Sales
growth

Sales
growth

Constant − 0.8*** − 0.8*** − 0.8*** − 0.9*** − 0.9*** − 0.9***

(0.0964) (0.0970) (0.0964) (0.102) (0.102) (0.102)

N 5822 5762 5798 5389 5337 5370

R2 0.118 0.116 0.117 0.121 0.119 0.120

Adj. R2 0.109 0.108 0.109 0.111 0.110 0.110

Note: (1) All models are pooled OLS with standard errors adjusted for clusters using unique firm identifiers. (2) Standard
errors in parentheses. (3) Significance levels: +p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001
Source: Authors’ own computation based on WBES, 2018
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