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Abstract

This study contributes to the existing literature on innovation by examining
how manufacturing firms in Africa fund innovation activities. This study
specifically seeks to identify whether innovative companies exhibit financing
patterns distinct from those of non-innovative ones. Besides, this study seeks
to gauge the association between innovation and firm features, such as ISO
certification, firm age, exporter firms, firm size, internal funding, top female
manager, top managers’ experience, bank financing, obstacle to access to
finance, financial constraints, government ownership, and foreign ownership,
among others. This study finds that the main drivers of firm innovation in
Africa are ISO certification, firm age, firms communicating with customers
through emails, and websites, exporter firms, firm size, internal funding, top
female manager, top manager’s experience, bank financing, trade credit, firm
location, and location size. We also found that only 19.6% of the sampled
firms have ISO certification within the last three years. As captured by the
innovation index, a summary of the level of innovation among firms shows
that only 31.7% of the firms fall within high innovation. The study, therefore,
recommends that to salvage the low levels of firm innovation among African
firms, it will be prudent to 1) increase R & D spending (the ratio of R & D
expenditure to GDP), 2) attract and incentivize highly qualified researchers
into public, and privative enterprises, not only into higher institutions of
learning, and 3) incentivize and promote patent activities.

Keywords

Firm Financing, Innovation, R & D, New Technology, New-Product
Innovation

1. Introduction

Economic theory supported by ample empirical evidence has shown that firms

in competitive markets often attain lower levels of research and development (R
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& D) investments (Hall, 2002; Hall & Maffioli, 2008). The reason is that the
findings or outcome of an R & D is non-rivalry in consumption. As much as
there is no secrecy about knowledge, the benefits from the R & D investments
will not be totally appropriated by the firm undertaking the investment. The
phenomenon will consequently lead to R & D underinvestment. However, R & D
is not like other investments (Hall, 2002; Hall & Maftioli, 2008). Wages and sal-
ary account for a significant proportion of the R & D investment due to the
quality of the human resources involved and therefore raise the possibility of a
high degree of losses and uncertainty due to high degrees of failure about the
outcome and its economic success.

Various legal and other frameworks such as intellectual property rights (IP),
government assistance for R & D, tax incentives, and the encouragement of re-
search partnerships have been developed to cushion the underinvestment. The
justification for these mitigating interventions is the fact that the social benefits
of R & D outweigh the private benefits; however, the private cost exceeds the so-
cial cost. Moreover, financing R & D activities have become much complicated
and create a funding gap when the innovator is different from the financing in-
stitution. According to Hall (2002), such funding gaps are because i) the high
cost of funding faced by small and new innovative firms is only partially miti-
gated by venture capital, ii) internal funds are the main source of financing in-
novation activities by large firms; and, iii) venture capital financing is not a pa-
nacea to the financial gap, especially in less developed, and financially repressed
countries.

The focus of this study is to add to the existing literature by examining how
manufacturing firms fund innovation and R & D activities in Africa i.e., whether
innovative manufacturing firms exhibit financing patterns different from
non-innovative manufacturing firms. The study also focuses on measuring the
association between firm innovation and firm characteristics such as age, size,
male participation in ownership, managers’ experience, and financial constraints,
among others. The data source is the Enterprise Survey Data 2010 to 2018.

While several research report mixed relationship between R & D and firm in-
novation in Africa and other developing nations (Zuniga & Crespi, 2013), sever-
al have documented a positive relationship between R & D and innovation in
Asia (Lee & Kang, 2007; Wang & Lin, 2013), whereas evidence from Chile and
Mexico refutes such findings (Crespi et al.,, 2011; Zuniga & Crespi, 2013). For
African countries, related findings by Barasa et al. (2017), using data from the
enterprise survey data for Kenya, Tanzania, and Uganda, within the period
2010-2012, found that the impacts of firm-level resources on firm innovation vary
depending on the institutional environment. They also established the effects of
firm-level resources on firm innovation positively moderated by regional institu-
tional quality in the firm operates. Goedhuys (2007) found a positive association
between firm product innovation and R & D in Tanzania. A related study
(Kamau & Munandi, 2009) suggested R & D as a necessary ingredient in the in-

novation-driven strategy for manufactures in the clothing and textile industry in
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Kenya.

McGuirk & Lenihan (2013) highlighted the significant roles of human capital
to innovation activities as widely acknowledged as a principal source of innova-
tion. Human capital is made up of formal education and on the job training
(Romer, 1990a). Roper & Love (2006) argued that highly educated and skilled
human capital is a direct source of innovation arising through increased absorp-
tive capacity.

A related study in Ghana by Robson et al. (2009) found that firm size and
firms involved in exportation had a positive association with innovation, but
firm growth was less systematically so. Moreover, firms located in conurbations
were much innovative relative to those located in large and small towns

From the above discussion this study identifies the gap in the literature in
Africa by examining the obstacles to firm financing and innovation activities.
This study argues that access to finance, cost of finance, obstacles to firm finance
and some firm characteristics make it difficult for firms to be innovative in Afri-
ca. We therefore infer that, the level of innovativeness of a firm is dependent on
such factors as financing sourcing sources, obstacles to access to finance, own-
ership structure and other firm characteristics. We therefore hypothesize that,
firm financing sources and constraints affect the level of firm innovation, includ-
ing top managers experience, ownership structure and other firm characteristics
such as firm age, size, use of emails, and websites for communication with cus-

tomers and suppliers.

2. Literature Review

From both theoretical and empirical literature, growth is keenly driven by tech-
nological changes that arises from profit-maximizing agents’ intentional invest-
ment decisions. The distinguishing feature of technology as an input is that it is
neither a public good nor conventional good; it is a nonrival, partially excludable
good. Price-taking competition cannot be supported because of the nonconvexi-
ty introduced by a nonrival good. Instead, the equilibrium is one with monopo-
listic competition (Romer, 1990b). Therefore, the main conclusions are that the
stock of human capital determines the rate of growth, that too little human cap-
ital is devoted to research in equilibrium, that integration into world markets
will increase growth rates, and that having a large population is not enough to
generate growth. Innovation and entrepreneurship levels are associated with
better control of corruption and the institutional quality of state and market in-
stitutions (Anokhin & Schulze, 2009). However, without such trust and quality,
productivity and investment in innovation are hampered due to high monitor-
ing and other transactions cost of a trade. Highly educated managers, ownership
by family association, individuals, or managers, and firm exposure to foreign
competition are associated with higher firm innovation (Ayyagari et al., 2011).
In addition, access to external firm financing is associated with greater firm in-

novation in over 19,000 firms across 47 developing economies. It is further indi-
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cated that most of the innovative banks are managed by more educated teams
that are diverse with respect to their expertise in their functional areas even after
controlling for organizational size, team size, and location (Bantel & Jackson,
1989). Blundell et al. (1999) reported, positive and robust effect of market share
on observable headcounts of patents and innovations, although increased prod-
uct market competition tends to stimulate innovative activity in the industry.
They also reported that firms with higher market shares have their innovation
on market value to be larger. Geographical proximity per se is neither a suffi-
cient nor a necessary condition for learning to take place. Nevertheless, it facili-
tates interactive learning, most likely by strengthening proximity’s other dimen-
sions (Boschma, 2005). However, proximity may also have negative impacts on
innovation due to the problem of lock-in. Accordingly, too little and regulatory
quality, the rule of law, and corruption have strong direct and negative impacts
on both firms. The results indicate that the current state of the regulatory quali-
ty, the rule of law, and corruption in Russia impede firm innovation and their
resulting performance.

In-house R & D and technology acquisition expenditures have positive payoffs
in terms of enhanced probability of introducing new products and processes to the
market. In turn, innovators attain higher productivity levels than non-innovators
(Chudnovsky et al., 2006). The results also show that large firms have a higher
probability of engaging in innovation activities and of becoming innovators.
Cooke et al. (1998) argue that work conducted in the “new regional science”
field is complementary to systems of innovation approaches. They conclude that
an evolutionary approach assists understanding of the regional potential for de-
veloping systemic innovation.

Firms with chief executive officers (CEOs) who gain general managerial skills
over their work experience lifetime produce more patents (Custddio et al., 2019).
That generalist CEOs spur innovation because they acquire knowledge beyond
the firm’s current technological domain. They possess relevant skills and know-
ledge that can be utilized elsewhere should innovation projects fail, and an effi-
cient labor market for executives can promote innovation by offering a mechan-
ism of tolerance for failure. In support to existing studies, firms that invest in
knowledge are more able to introduce new technological advances and those
that innovate have greater labor productivity than those that do not in all coun-
tries (Crespi & Zuniga, 2012). Yet firm-level determinants of innovation invest-
ment are much more heterogeneous in OECD countries. Foreign ownership,
cooperation and exporting increase the tendency to invest in innovation activi-
ties and encourage innovation investment in only half of the countries studied.
Scientific and market sources of information have little or no impact on firm
innovation efforts, which demonstrates the weak linkages that characterize na-
tional innovation systems. After controlling for age and size differences, the
findings of the study concludes that some major differences to the extent that

small firms use innovative practices, and their connection with new product in-
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troductions (De Jong & Vermeulen, 2006). Innovation cooperation is recognized
as one of its antecedents, together with R & D, but with different probable re-
sults, depending on the kind of partner. Human capital is claimed to be as essen-
tial as other organizational mechanisms for the AC (absorptive capacity) impact
on innovation (Franco et al., 2012). Interacting with research organizations, for
example, increases the firm’s AC providing it occurs within the national boun-
daries. The transformation of AC into actual innovation is favored by the human
firm’s and capital while it is hampered by socialization mechanisms of an orga-
nizational nature. The option of only depending on internal development is less
successful. The findings on firm growth suggest that innovative performance is
an essential driver for firm growth. It is particularly the combination of product
and process innovations that significantly improve firm growth (Goedhuys &
Veugelers, 2012). Foreign innovative firms have stronger vertical linkages with
other foreign firms and invest more in-human and physical capital. Local firms
offset these disadvantages through in-house R & D, connectivity, and collabora-
tion with other local firms, proving to be more embedded in Tanzania’s local
industrial structure (Goedhuys, 2007). Jiménez-Jiménez & Sanz-Valle (2011)
argue that organizational culture is a clear determinant of innovation strategy.
Moreover, adhocracy cultures foster innovation strategies, and hierarchical cul-
tures promote imitation cultures. The findings show that both variables, organi-
zational learning and innovation have a positive influence on business perfor-
mance and that organizational learning affects innovation (Laursen et al., 2012).
Firms in an area described by a high degree of localized social capital comple-
ment firms’ investments in internal research and development (R & D). Such a
location positively moderates the effectiveness of externally acquired R & D on
the propensity to innovate. Li & Atuahene-Gima (2001) found that, innova-
tion-performance link was contingent on environmental factors, including in-
stitutional support and, environmental turbulence and the ventures’ relation-
ship-based strategies, which includes strategic alliances for political networking
and product development in China. In the discourse on product innovation
strategy among new ventures, they recommend the need for simultaneous con-
sideration of environment- and relationship-based strategy factors as modera-
tors. According to Liu & Buck (2007), learning-by-exporting (and importing)
enhances innovation within Chinese indigenous firms. Foreign R & D activities
by multinational enterprises in a host country significantly affect domestic firms’
innovation performance only when the absorptive ability is taken into account.
The innovation capability of a firm depends closely on its intellectual and orga-
nizational knowledge assets and on its ability to deploy these assets (Martin-de
Castro et al., 2013). They further show the existence of the moderating role of;
innovation culture in a knowledge-based product innovation model. Firm-level
knowledge factors through knowledge acquisition and assimilation, which is
consistent with knowledge sharing linkages and potential absorptive capacity in-

fluence innovation implementation when used as mediating factors (McAdam et
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al., 2014). Antecedent factors of lifecycle, culture, leadership, and historical pro-
pensity to innovation were found to interact with the mediating variables of
knowledge acquisition and assimilation, knowledge sharing linkages (external)
and TQM/business improvement to produce a series of innovation outputs,
that includes knowledge transformation and sales of new products and services
from innovation activities. Robson et al. (2009) found that the extent of a
firm’s innovation in Ghana was linked to the entrepreneur’s education level.
Involvement in exporting and firm size exporting had positive relation to in-
novation, while firm growth was less systematically so. Firms located in con-
urbations had a greater innovation as compared to firms located in large and
small towns. National economic, technological and institutional framework
conditions are shown to clearly predict the possibility of firms to engage in
innovation (Srholec, 2011).

This article is related to (Barona-Zuluaga et al., 2015; Fernandez, 2017) on the
finance of innovation in Latin America but most especially (Robson et al., 2009)
but in a more comprehensive sample of 40 African countries and alternative de-
finitions of firm innovation. The remainder of the paper is organized as follows.
Section 2 presents figures on innovation in Africa, low-income countries, and
some selected high-income countries to provide some background information.
The data and some descriptive statistics are presented in Section 3. Section 4 also
presents the estimation process and the empirical results. Section 5 will present

the main findings and policy recommendations.

3. Some Figures on R & D Expenditure in Africa
and the World

The World Development Indicators on Science and Technology indicators, we
gathered we gathered information on science and technology indicators of low &
middle-income countries, some African countries based on data availability, and
some developed countries (U.S & UK) for the period 2000 to 2018. For illustra-
tion purposes, Figures 1-3, respectively, depict the share of GDP on R & D, FTE
per million (Highly-qualified human capital) labor force from 2000-201, and
Patent applications per residents.

The figures below reflect how much-limited resources allocation is made to R
& D in Africa and low & middle-income countries as compared to the US, UK
and China (Figure 1). It is evident from Figure 1 that most African and low and
middle-income countries between the period 2000 to 2015 have averagely spent
less than 1% of their annual incomes on R & D. For instance, Madagascar has,
on average, spent less than 0.5% of its annual income on R & D whilst the US
and UK have spent nearly 2.7% and 1.8% of their annual income on R & D for
the same period. Whilst the US national average of 2.7% is above the worlds av-
erage share expenditure of 2%, the shares of annual expenditure on R & D by
African countries (e.g. Uganda, Madagascar, Burkina Faso, South Africa etc.)

and the average share by low & middle-income countries do not only trail the
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o Research and Development expenditure as % of GDP
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Figure 1. R & D expenditure as % of GDP.
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Figure 2. Patents application per 1000 residents.

US by far but also the World average share. We further present the number of
full-time equivalence (FTE) researchers per million population for the countries
in Sub-Sahara Africa, the U.S, and the World for the period 2000-2019 since R &
D requires highly specialized human capital. This relation is illustrated in Figure
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3. Specifically, the number of FTE per million population increased steadily in
the US from 3135 per 1000 labor force in 1996 to 4256 per 1000 labor force in
2017, far above the world average since 2000. Meanwhile, in Sub-Sahara Africa,
the indicator rose from 47 per million population in the year 2000 to a little 1000
million population in 2019. In Figure 2, the study presents the number of patent
application per 1000 residents. We show that the number of patents applications
in the entire Sub-Saharan Africa is significantly less compared to China and the
US.

4. Data

The main data source of this study is the World Bank’s Enterprise Surveys Indi-
cator Database, https://www.enterprisesurveys.org. We constructed a pooled

cross-sectional data for 40 countries from 2010 to 2018 in Africa since there is

no Panel Data Enterprise Surveys Indicator Database.

Full Data for Selected Countries

From the World Bank’s Enterprise Survey Indicator Database, we selected 40
African countries from the period 2010 to 2018. Details of the specific countries
and the number of observations for each country are provided in Table 1. The
descriptive statistics for a set of variables regarding firm characteristics, financ-
ing sources, and the use of technology are provided in Table 2. Except for the
firm’s-age and top managers’ experience, all other variables are either dummies,

taking values of 0 and 1, or measured in percentages. From the descriptive statistic

Researchers (FTE) per million population
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Figure 3. Researchers (FTE) per million population.
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Table 1. Tabulation of country.

Freq. Percent Cum.

South Sudan 738 3.59 3.59
Angola 360 1.75 5.34
Benin 150 0.73 6.06
Botswana 268 1.30 7.37
Burkina Faso 394 1.91 9.28
Burundi 157 0.76 10.04
Cameroon 361 1.75 11.80
Central African Republic 150 0.73 12.53
Chad 153 0.74 13.27
Ivory Coast 361 1.75 15.02
DRC 529 2.57 17.59
Djibouti 266 1.29 18.89
Egypt 2,897 14.08 32.96
Ethiopia 644 3.13 36.09
Gabon 179 0.87 36.96
Gambia 151 0.73 37.70
Ghana 720 3.50 41.20
Guinea 150 0.73 41.92
Kenya 781 3.79 45.72
Lesotho 150 0.73 46.45
Liberia 151 0.73 47.18
Malawi 523 2.54 49.72
Mali 185 0.90 50.62
Mauritania 150 0.73 51.35
Morocco 407 1.98 53.33
Mozambique 601 2.92 56.25
Namibia 580 2.82 59.07
Niger 151 0.73 59.80
Nigeria 2676 13.00 72.80
Republic of South Africa 1057 5.14 77.94
Senegal 601 2.92 80.86
Sierra Leone 152 0.74 81.60
Swaziland 150 0.73 82.33
Tanzania 813 3.95 86.28
Togo 150 0.73 87.01
Tunisia 592 2.88 89.88
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Continued
Uganda 762 3.70 93.59
Zambia 720 3.50 97.08
Zimbabwe 600 2.92 100.00
Total 20,580 100.00

Note! Table 1 above gives account of the total number of firms of each country under consideration. The
total number of countries in the sample is 39. The country with the highest number of firms is Egypt (2897
firms), followed closely by Nigeria (2676 firms). For the countries with the lowest representation in the
sample, Swaziland, Togo, Lesotho, Guinea, Mauritania, Central Africa Republic, and Benin have equal re-
presentation of 150 firms.

Table 2. Descriptive statistics of selected Africa countries.

Variable Obs Mean Std. Dev. Min Max
New product 20,580 0.492 0.5 0 1
New technology 20,580 0.392 0.488 0 1
Index 20,580 1.932 0.75 1 3
Exporter 20,529 6.993 20.259 0 100
Email 20,580 0.61 0.488 0 1
Website 20,580 0.386 0.487 0 1
1SO 20,580 0.196 0.397 0 1
Top Manager F. 20,580 0.114 0.318 0 1
Top Manager E. 20,554 16.288 11.012 0 72
Firm Age 20,576 21.745 14.324 1 172
Internal funds 20,555 75.983 32.081 0 100
B. from Banks 16,093 9.355 20.921 0 100
B. from N.Banks 20,555 2.826 11.051 0 100
Trade Credit 20,555 9.567 19.355 0 100
Firm Size 20,580 2.419 0.726 1 3
Obstacle to Fund 20,555 2.902 1.336 1 5
MMsl11 20,580 0.888 0.315 0 1
%Private/domes. 20,580 81.307 35.623 0 100
%Foreign owned 20,579 12.579 30.003 0 100
%Government 20,579 1.608 8.736 0 100

The data source is the Enterprise Survey Indicator Database.

table, the mean age of a firm is 21.745, and the mean experience of a top manag-
er is 16.288. Whilst the oldest firm is 172 years, the manager with the most expe-
rience is 72 years of experience.

In Table 3, we report the relationship between firm size and their location.
The study finds that most firms are sparsely distributed across geographical lo-
cations. However, most small and large firms are located in towns with a 50,000

population. In Table 4, we present the relationship between firm size and the
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Table 3. Firm size versus Firm location.

Onl Over
Size (Number of 50,000 to Capital Over 250,000 R Y Less than
j o Regional 250,000 to Total
employees) 250,000 City  to 3 million . 50,000 .
capital 1million

Large 208 451 5 196 1,437 629 2926

% 10.92 18.14 14.71 18.54 15.09 11.29 14.22
Medium 479 790 7 366 2827 1645 6,114
% 25.14 31.78 20.59 34.63 29.68 29.52 29.71
Small 1218 1245 22 495 5262 3298 11,540

% 63.94 50.08 64.71 46.83 55.24 59.19 56.07
Total 1905 2486 34 1057 9526 5572 20,580
% 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Pearson chi2 (10) = 184.9653, Pr = 0.000, Cramer’s V = 0.0670. Notes: 1) Pearson’s chi-squared statistic is
computed for the hypothesis that the rows and columns in a two-way table are independent. 2) Cramer’s V
is a measure of association between two nominal variables, giving a value between 0 and 1. It is based on
Pearson’s chi-squared statistic.

Table 4. Firm size versus level of obstacle to access to finance.

Size (number of  Minor Moderate No Major Very severe Total
employees) obstacle obstacle obstacle  obstacle obstacle

Large 563 603 950 517 286 2919

% 13.31 15.37 19.58 10.96 10.11 14.20
Medium 1222 1264 1622 1273 720 6101

% 28.88 32.21 33.42 26.99 25.44 29.68

Small 2446 2057 2281 2927 1824 11,535

% 57.81 52.42 47.00 62.05 64.45 56.12

Total 4231 3924 4853 4717 2830 20,555

100.00 100.00 100.00 100.00 100.00 100.00

Pearson chi2 (8) = 382.3024, Pr = 0.000, Cramer’s V = 0.0964. Notes: 1) Pearson’s chi-squared statistic is
computed for the hypothesis that the rows and columns in a two-way table are independent. 2) Cramer’s V
is a measure of association between two nominal variables, giving a value between 0 and 1. It is based on
Pearson’s chi-squared statistic.

level of an obstacle to finance. Small firms are reported to face a severe obstacle
to accessing finance. In fact, 64.45% of the firms facing very severe obstacles to
financing are small firms. From Table 5, the study reports the relationship be-
tween firm size and the introduction of significantly improved products (new
products). The study reports no positive association between firm size and the
introduction of new products. We, however, that 52.14% of firms introducing
new products are small firms. In Table 6, the study presents the relationship
between firm size and firms with ISO certification. We find that 34.49% of the
firms with ISO international certification are medium-size firms.

Meanwhile, 33.92% of the firm with ISO international certification are large

firms. The relationship between firm size and top female managers is reported in
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Table 5. Firm size versus New product.

Size (number of employees) No Yes Total
Large 1250 1676 2926
% 11.96 16.55 14.22
Medium 2942 3172 6114
% 28.15 31.32 29.71
Small 6259 5281 11,540
% 59.89 52.14 56.07
Total 10,451 10,129 20,580
% 100.00 100.00 100.00

Pearson chi2 (2) = 148.5566, Pr = 0.000 Cramer’s V = 0.0850. Notes: 1) Pearson’s chi-squared statistic is
computed for the hypothesis that the rows and columns in a two-way table are independent. 2) Cramer’s V
is a measure of association between two nominal variables, giving a value between 0 and 1. It is based on
Pearson’s chi-squared statistic.

Table 6. Firm size versus ISO certification.

Size (number of employees) No Yes Total
Large 1556 1370 2926
% 9.41 33.92 14.22
Medium 4725 1389 6114
% 28.57 34.39 29.71
Small 10,260 1280 11,540
% 62.03 31.69 56.07
Total 16,541 4039 20,580
% 100.00 100.00 100.00

Pearson chi2 (2) = 1.9e+03 Pr = 0.000; Cramer’s V = 0.3072. Notes: 1) Pearson’s chi-squared statistic is
computed for the hypothesis that the rows and columns in a two-way table are independent. 2) Cramer’s V
is a measure of association between two nominal variables, giving a value between 0 and 1. It is based on
Pearson’s chi-squared statistic.

Table 7. We find that 67.39% of top female managers are in small firms, whiles
only 8.01% of the top manager female managers are in large firms. From Table
8, we find that 48.53% of the firms that introduced significantly new technology
are small firms. Only 18.05% of the firms that introduced significantly new

technology are large firms.

5. Methodology

The empirical analysis of this study is developed on the latent regression of the
form:

Yy =x'B+¢ (1)
where y” is an unobservable index variable, x is a vector of explanatory va-

riables, f is a vector of parameters, and ¢ is an error term (see, for instance,
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Table 7. Firm size versus Top manager female.

Size (Number of employees) No Yes Total
Large 2738 188 2926
% 15.02 8.01 14.22
Medium 5537 577 6114
% 30.37 24.60 29.71
Small 9959 1581 11,540
% 54.62 67.39 56.07
Total 18,234 2346 20,580
100.00 100.00 100.00

Pearson chi2 (2) = 155.4687 Pr = 0.000; Cramer’s V = 0.0869. Notes: 1) Pearson’s chi-squared statistic is
computed for the hypothesis that the rows and columns in a two-way table are independent. 2) Cramer’s V
is a measure of association between two nominal variables, giving a value between 0 and 1. It is based on

Pearson’s chi-squared statistic.

Table 8. Firm size versus New technology.

Size (employees) No Yes Total
Large 1470 1456 2926
% 11.75 18.05 14.22
Medium 3417 2697 6114
% 27.31 33.43 29.71
Small 7625 3915 11,540
% 60.94 48.53 56.07
Total 12,512 8068 20,580
100.00 100.00 100.00

Pearson chi2 (2) = 333.5093 Pr = 0.000; Cramer’s V = 0.1273. Notes: 1) Pearson’s chi-squared statistic is
computed for the hypothesis that the rows and columns in a two-way table are independent. 2) Cramer’s V
is a measure of association between two nominal variables, giving a value between 0 and 1. It is based on
Pearson’s chi-squared statistic.

Liu, 2015, chap. 3 and 11).

For the binary case (Section 4.1), Y=1 (ie, innovative firm) if y* >0 and
y=0 (i.e, non-innovative firm) if y* <0 . For the ordered case where y de-
notes a firm innovation level, which ranges from 1 to /.

y=1if y"<a, ¥Y=2 if <y <a,, +» Y=J if a,,<y" such
that o <a, <:--<a;_; are the threshold parameters or cutoffs.

For binary data, the odds ratio of a logit model is given by

p _1+e¥

1-p 1+e 7 @

The odds ratio represents the probability of success or having an event, p, to
the probability of failure or not having an event (1-p).
By taking natural logarithm of both sides of Equation (2), one obtains the lo-
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gistic regression model

In[li}x'ﬂ=ﬂl+ﬁ2xz+~--+ﬁkxk ©)

For the ordered model Pr(y<j)=P, = Pr(x’ﬁ+g <a, ) = Pr(g <a; - x’ﬂ)
so that the odds of being at or below category j is given by

p Ll+e

= e 0=1-,(3-1 4
1-p g4ela 0 w

and the ordinal logistic regression can be represented by

Inil—pjp):aj “Xh=a _(ﬁ1+ﬂzxz+"‘+ﬂkxk)' J=1-,(J-1) (5

Innovation as a Binary and Ordered Variable

Following Verdier et al. (2010) and Barona-Zuluaga et al. (2015), we adopt In-
novation as either a New Product or New Technology or one of the two aggre-
gate indicators (Index). The enterprise survey asks a set of questions as to
whether particular firms engaged in specific innovative activities; including
questions on the amount of resources invested in R & D. This study, however,
limits the questions on the firm’s innovation activities to Innovation is either
New Product or New Technology since all the other question are mainly innova-
tion activities outside the invention of new products. Also following Ayyagari &
Maksimovic (2007), who argued that innovation in countries located far inside
their production possibility frontier might mostly be imitating and adopting in-
stead of inventing.

Most importantly, we acknowledge that our sample consists of only African
countries that are predominantly less developed economies and are most likely
operating within their frontier. In addition, Gorodnichenko et al. (2010) argued
that using R & D expenditure as a basis of innovation may be inappropriate.
Their reason is that not all innovations are generated by R & D expenditures,
and formal R & D measures are typically biased against small firms. Again, fol-
lowing Ayyagari & Maksimovic (2007), we constructed an ordered innovation
variable (Index). The measure Index is an aggregate obtained by summing new
product and new technology. Both innovations in new products and new tech-
nology are dummy variables that take the value of one if the answer is positive
and zero if the answer is negative.

The descriptive statistic and measure of association between firm size and the
ordered innovation category (Index) is presented in Table 9. It is shown that
43.31% of the sampled firms fall into the Low innovation category, whilst the
remaining are 31.73% and 24.95% for high innovation and medium innovation
respectively. The estimation of the binary and ordered models is reported for
the three dependent variables: New product, New technology and Index in

Tables 10-12. The explanatory variables are Exporter: exporter % (exporter vs.
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Table 9. Firm size versus Innovation (Index) level.

Size (employees) High Low Medium Total
Large 1199 993 734 2926
% 18.36 11.14 14.29 14.22
Medium 2194 2439 1481 6114
% 33.59 27.36 28.84 29.71
Small 3138 5482 2920 11,540
% 48.05 61.50 56.86 56.07
Total 6531 8914 5135 20,580
100.00 100.00 100.00 100.00

Pearson chi2 (4) = 311.5797 Pr = 0.000; Cramer’s V = 0.0870. Notes: 1) Pearson’s chi-squared statistic is
computed for the hypothesis that the rows and columns in a two-way table are independent. 2) Cramer’s V
is a measure of association between two nominal variables, giving a value between 0 and 1. It is based on

Pearson’s chi-squared statistic.

non-exporters); Email is a dummy indicating whether the firm uses email, web-
site is a dummy indicating whether the firm has a website for its operations, ISO
is a dummy indicating whether the has an ISO certification, Top Manager fe-
male is a dummy indicating whether the top manager is female, Top Manager
experience, natural logarithm of firm age, Private-domestic ownership (%); In-
ternal funds: internal funds for investment (%); Borrowed from banks: bank
finance for investment (%); Borrowed from non-bank financial: non-bank fi-
nancial institutions finance for investment (%); Purchases on credit from sup-
plier: supplier credit financing (%); Firm Size (1: small, 2: medium and 3: large)
Obstacle to fund: access to finance obstacle (1: No obstacle; 2: Minor obstacle; 3:
Moderate obstacle; 4: Major obstacle; 5: Very severe obstacle); MMsll is a
dummy indicating whether the firms uses mobile money for transactions; For-
eign ownership: foreign ownership share (%); Government ownership: share of
government ownership share (%)

Variable definitions are as follows: Exporter: (exporter vs. non-exporters);
Email: firms with email address; website: firms with website; ISO: firms with ISO
certification; Top Manager female: firms with female top managers; Top Man-
ager experience: top managers experience (years); Firm Age: firm’s age (years);
Private-domestic ownership (%); Internal funds: internal funds for investment
(%); Borrowed from banks: bank finance for investment (%); Borrowed from
non-bank financial: non-bank financial institutions finance for investment (%);
Purchases on credit from suppliers: supplier credit financing (%); Size number
of employees codes: firm size (number of employees); Obstacle to fund: obstacle
to finance; MMs11: firms using mobile money for transactions; Foreign owner-
ship: foreign ownership share (%); Government ownership: share of government
ownership share (%).

From the binary logit model with new product as the dependent variable, the

estimation results show that email, website, ISO, firm age, supply credit, MMs1
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and firm location have positive and significant impact on firm innovation (new
product). However, we also found that variables as exporter, top managers expe-
rience, internal funds, funding from non-banks, and government share of own-
ership negatively impacts new product innovation. For instance, the odds of be-
ing a new product innovative firm increases by 1.4 when natural logarithm of
age increases by 1 unit (i.e., a 2.8-year increase in firm age). Similarly, the odds
of being a product innovative firm decreases by 0.992 when then share of gov-
ernment ownership increases by 1 unit (i.e., a 1.98 decrease in government own-
ership). Interestingly, foreign ownership and obstacle to access to finance is
found to have no significant association to new product innovation.

From Table 10, the dependent variable is New Product (a dummy variable
that takes the value 1 if the firm has introduced new product that is substantially
different on the market in the last three years). The independent variables are
Exporter, Email, Website, ISO certification, top Female Manager, Mobile money
usage (MMsl) are all dummy variables that take the value 1 if the firm respond-
ed yes), Firm age, top managers experience. Obstacles to access to firm finance,
firm size are ordered variables. % of internal funding, % of Purchase credit, % of
borrowing from banks, % of borrowing from non-bank, % of government own-
ership, % foreign ownership, % private domestic ownership.

From the binary logit model with new technology as the dependent variable
the estimation results show that email, website, ISO, firm age, supply credit,
MMsl, private domestic ownership, foreign ownership, firm industry, and firm
location have positive and significant impact on firm innovation (new product).
However, we also found that variables such as exporter, top manager’s expe-
rience, top female manager, internal funds, funding from non-banks, firm size
and government share of ownership negatively impact new product innovation.
For instance, the odds of being a new product innovative firm increases by 1.62
when natural logarithm of age increases by 1 unit (i.e., a 3.24-year increase in
firm age). Similarly, the odds of being a product innovative firm decreases by
0.993 when then share of government ownership increases by 1 unit (i.e., a 1.99
decrease in government ownership). We also record those higher levels of finan-
cial barriers (i.e., finance as an obstacle) have no significant association with new
technology innovation. The study also finds that while foreign ownership is a
positive and significant determinant of firm innovation (Index), obstacle to
access to firm finance is not significantly associated with innovation. However,
this finding is in sharp contrast to the conclusions of Lee, Sameen, and Cowling
(2015) for medium-sized enterprises waves data in the UK for the periods 2007 -
2008, 2010, and 2012, that innovative firms have less chances of getting access to
finance than other firms.

From Table 11, the dependent variable is New Technology (a dummy variable
that takes the value 1 if the firm has introduced new technology that has sub-
stantially changed the way the main product is produced in the last three years).

The independent variables are Exporter, Email, Website, ISO certification,
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Table 10. Regression results for significantly improved products.

New product Coefficient Odds Ratio dy/dx
Exporter —0.003*** 1.000*** —0.001***
(0.001) (0.001) (0.000)
Email 0.348*** 1.416*** 0.085%**
(0.041) (0.058) (0.010)
Website 0.697*** 2.009*** 0.170***
(0.045) (0.090) (0.011)
I1SO 0.507*** 1.660*** 0.124***
(0.050) (0.082) (0.012)
Top Manager female —0.069 0.933 —-0.017
(0.052) (0.048) (0.013)
Top Manager exp. —0.012%** 0.988*** —0.003***
(0.002) (0.002) (0.000)
Ln (Firm Age) 0.317%** 1.373%%+ 0.077+**
(0.034) (0.046) (0.008)
Private domestic Own. 0.000 1.000 0.000
(0.001) (0.001) (0.000)
Internal funds —0.002*** 0.998*** —0.001***
(0.001) (0.001) (0.000)
Borrowed from bank 0.001 1.001 0.000
(0.001) (0.001) (0.000)
Borrowed Non-B —0.005*** 0.994*** —0.001***
(0.002) (0.002) (0.000)
Credit Purchases 0.004*** 1.004*** 0.001***
(0.001) (0.001) (0.000)
Firm size 0.018 1.018 0.004
(0.029) (0.029) (0.007)
Obstacle to Finance 0.010 1.010 0.002
(0.013) (0.013) (0.003)
MMsl11 0.191%** 1.210*** 0.046***
(0.048) (0.059) (0.012)
Foreign ownership 0.001 0.001 0.000
(0.001) (0.001) (0.000)
Government —0.008*** 0.9927** —0.002***
(0.002) (0.002) (0.001)
Firm Location 0.003*** 1.002*** 0.0017**
(0.000) (0.000) (0.000)
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Continued

Location Size

Firm’s Industry 0.000 1.000 0.000
(0.001) (0.001) (0.000)
_cons —1.312%** 0.269%**
(0.169) (0.045)
Obs. 15525 15525
McFadden R 0.067
Count R? 0.626
P-value 2 0.391
Standard errors are in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1.
Table 11. Results for significantly improved technology.
New technology Coefficients Odds ratio dy/dx
Exporter —0.004*** 0.996*** —=0.001**
(0.001) (0.001) (0.000)
Email 0.351%*%* 1.421%%% 0.087%**
(0.042) (0.060) (0.011)
Website 0.797%%* 2.218%+* 0.198***
(0.044) (0.098) (0.011)
ISO 0.640*** 1.896*** 0.159**
(0.049) (0.092) (0.012)
Top Manager female —0.244** 0.783*** —0.061***
(0.054) (0.043) (0.014)
Top Manager exp. —0.022%** 0.978*** —0.005***
(0.002) (0.002) (0.000)
Ln (Firm Age) 0.481*** 1.618%** 0.119%**
(0.035) (0.057) (0.009)
Private domestic own. 0.002*** 1.002*** 0.001***
(0.001) (0.001) (0.000)
Internal funds —0.005*** 0.995%%* —0.001***
(0.001) (0.001) (0.000)
Borrowed from banks -0.000 1.000 0.000
(0.001) (0.001) (0.000)
Borrowed from Non-B -0.001 0.999 0.000
(0.002) (0.002) (0.000)
Credit Purchases 0.001 1.001 0.000
(0.001) (0.001) (0.000)

DOI: 10.4236/me.2021.129070

1356

Modern Economy


https://doi.org/10.4236/me.2021.129070

M. Asiedu et al.

Continued
Firm Size —0.084*** 0.920%%* —0.021***
(0.029) (0.026) (0.007)
Obstacle to finance 0.017 1.017 0.004
(0.013) (0.013) (0.003)
MMsll 0.286*** 1.331%%* 0.071***
(0.051) (0.068) (0.013)
% Foreign ownership 0.003*** 1.003*** 0.001***
(0.001) (0.001) (0.000)
% Government ownsh. —0.007*** 0.993*** —0.002%**
(0.002) (0.002) (0.001)
Firms Location 0.003*** 1.003*** 0.001***
(0.000) (0.000) (0.000)
Firms Location Size
Firms Industry 0.002*% 1.002%* 0.000**
(0.001) (0.001) (0.000)
_cons —2.020%** 0.133%**
0.172) (0.023)
Obs. 15525 15525
McFadden’s R 0.105
Count R? 0.667
P-value chi ? 0.2843

Standard errors are in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1.

top Female Manager, Mobile money usage (MMsl) are, all dummy variables that
take the value 1 if the firm responded yes), firm age, top managers experience.
Obstacles to access to firm finance, firm size are ordered variables, % of internal
funding, % of Purchase credit, % of borrowing from banks, % of borrowing from
non-bank, % of government ownership, % foreign ownership, % private domes-
tic ownership.

From the ordered logit model, where an index was created as the summation
of firms with new product and firms with new technology (Index) as the depen-
dent variable, the estimation results show that exporter firms, top female man-
agers, top managers experience, internal funding, funds borrowed from
non-banks, and the share of government ownership have positive and significant
impact on firm innovation (new product). However, we also found that variables
as emails, websites, ISO certification, MMs1, supply credit and private domestic
ownership negatively impacts innovation. For instance, the odds of Index varia-
ble of innovative firm decrease by 0.73 when natural logarithm of age increases
by 1 unit (i.e., a 1.46year increase in firm age). Similarly, the odds of Index vari-

able innovative firm increase by 1.004 when then share of government owner-
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ship increases by 1 unit (i.e., a 1.984 decrease in government ownership).
From Table 12, the dependent variable is Index (a sum of New Product and
New technology, it is an ordered variable). The independent variables are Ex-

porter, Email, Website, ISO certification, top Female Manager, Mobile money

Table 12. Results for index (the sum of new product and new technology).

Index Coeff: Odds ratio
Exporter 0.004*** 1.003***
(0.001) (0.001)
Email —0.194%*+* 0.823%**
(0.036) (0.029)
Website —0.641%* 0.527%*+*
(0.044) (0.022)
ISO —0.615%** 0.540%*+*
(0.048) (0.026)
Top Manager female 0.163%%* 1.177%%%
(0.045) (.053)
Top manager’s exp. 0.014*** 1.014***
(0.002) (0.002)
Ln (Firm Age) —0.313%%* 0.731%%*
(0.029) (0.021)
% Private domestic -0.001* 0.998*
(0.001) (0.001)
Internal funds 0.002%** 1.002%**
(0.001) (0.001)
Borrowed from banks —-0.000 1.000
(0.001) (0.001)
Borrowed from Non-B 0.003** 1.002%*
(0.001) (0.001)
Credit Purchases —-0.002* 0.998*
(0.001) (0.001)
Firm Size —-0.008 0.992
(0.027) (0.026)
Obstacle to Finance —-0.010 0.990
(0.011) (0.011)
MMsl11 —0.311%%* 0.733%*+*
(0.043) (0.032)
Foreign ownership -0.001 0.999
(0.001) (0.001)
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Continued
Government ownership 0.005** 1.004**
(0.002) (0.002)
Firm’s Location —0.003%** 0.997*%*
(0.000) (0.000)
Firm’s Location Size
Firm’s Industry —0.002*** 0.998***
(0.001) (0.001)
[cutl —2.143%%* —2.143%%*
(0.149) (0.149)
/cut2 —0.492%%* —0.492%**
(0.148) (0.148)
Obs. 15525 15525
P-value Chi? 0.000

Standard errors are in parenthesis. ***p < 0.01, **p < 0.05, *p < 0.1.

Adjusted Predictions with 95% Cls

4
1
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10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
FirmAge

——e— Outcome=1 ——e— Outcome=2
——e— Outcome=3

Note. (1) = high innovation, (2) = low innovation (3) = medium innovation.

Figure 4. Predicted probability of belonging to a given level of innovation versus firm
age.

usage (MMsl) which are all dummy variables that take the value 1 if the firm
responded yes, firm age, top managers experience. Obstacles to access to firm
finance, firm size are ordered variables. % of internal funding, % of Purchase
credit, % of borrowing from banks, % of borrowing from non-bank, % of gov-
ernment ownership, % foreign ownership, % private domestic ownership.

Figure 4 depicts the probability of belonging to an innovation level predicted
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by the ordered logit model against values of firm age 5, 10, 15, 25, 30, 35, 40 to
100 years for the sample. It can be seen that the probability of falling into inno-
vation levels 2, or 3 is negatively associated with firm age, whereas the probabil-
ity of falling into innovation level 1, is positively associated with firm age. This
suggests that as an innovative grows older, the probability of belonging to the
lower innovation category ((2) = low innovation (3) = medium innovation)

drops.

6. Innovation in Africa and Low/Upper Middle-Income
Countries

According to the World Bank lending group, countries with GNI per capita of
$1035 or less in 2019 are lower-income countries, and countries with GNI per
capita between $1036 and $4045 are middle-income countries. This classification
means that all the countries in this sample fall under low-income countries ex-
cept South Africa, Gabon, Namibia. Available data from the enterprise survey
data suggests that between 2006 and 2019, 14.8% of firms in Sub-Sahara Africa
are using technology licensed from foreign companies, only 30.5% of firms have
their own Web site, 56.9% Percent of firms use email to interact with
clients/suppliers, 71.6 Percent of firms whose new product/service is also new to
the main market, 34.5% Percent of firms that introduced a process innovation,
16.1% Percent of firms that spend on R & D form sample of over 24,000 manu-
facturing firms.

The latest Enterprise Survey is available for Benin in 2016 whilst it is more re-
cent for other countries. On the question of whether a firm introduced a new
product or new technology, 34.2%, and 22.6% responded yes respectively. Only
14% of the firms in Benin responded yes to the question on spending on R & D
in the past 3 years. It is also reported that 2.1% of firms in Benin are using tech-
nology licensed from foreign companies.

Similarly, the Enterprise Survey is available for Ghana in 2013 reports that, on
the question of whether a firm introduced a new product or new technology,
52.5%, and 69.1% responded yes respectively. Only 22.9% of the firms in Ghana
responded yes to the question on spending on R & D in the past 3 years. It is also
reported that 14.5% of firms in Ghana are using technology licensed from for-
eign companies.

We now turn to some upper-middle-income countries such as South Africa
and Namibia. The 2014 Enterprise Survey reports that; 59.6% of firms responded
yes to the question of whether a firm introduced a new product, and 42.2% re-
sponded yes to the question on the introduction of a new technology. Only 14%
of the firms in Namibia responded yes to the question on spending on R & D in
the past 3 years. It is also reported that 2.1% of firms in Namibia are using tech-
nology licensed from foreign companies. It is also reported in 2007 that 12.4% of
firms in South Africa are using technology licensed from foreign companies. In

relation to other middle-income countries such as Romania 12.4% of the sam-
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pled firm responded yes to the question on R & D expenditure whilst in Turkey
15.9% of the sampled firms spent on R & D.

For a better demonstration of innovation initiatives, data is gathered on the
Patent Cooperation Treaty (PCT) national phase entries) from the World Intel-
lectual Property Organization (WIPO), http://www.wipo.int in 2021 on some

African countries. The data showed that as on February 3, 2021, there were 3451,
1132, 3778, 304, 839, 1651, 37, 33,573 patent applications in Algeria, Angola,
Egypt, Kenya, Madagascar, Morocco, Mozambique, and South-Africa, respec-
tively. These numbers of applications are far less than the applications in other
lower and upper-middle-income countries, such as, Chile (9570 patent applica-
tions) and Costa Rica (8191 patent applications).

In addition, the Global Innovation Index ranking,
https://globalinnovationindex.org of 2020, ranks South Africa as the 60" innova-
tive country in the World with an innovation score of 32.67. other African
countries in the ranking include Tunisia, Morocco, Kenya, Tanzania, Botswana,
Rwanda, Egypt, Senegal, Namibia, Ghana, and Malawi scoring, 31.21, 28.97,
26.13, 25.57, 25.43, 25.06, 24.23, 23.75, 22.51, 22.28, and 21.44 respectively.
These scores suggest that South Africa is the most competitive country in Africa
within the upper-middle-income status along-side Botswana and Namibia (both
scored below the global median score of 30.94). The only lower-middle-income
country to have scored above the global median innovation score of 30.94 is Tu-
nisia. In comparison, high-income countries such as Switzerland, Sweden, the
U.S, UK, Netherlands, and Demark are ranked as the most innovative countries
in the index score (66.08, 62.47, 60.56, 59.78, 58.76 and 57.53 respectively). The
most innovative country from the upper-middle-income bracket is China, scor-
ing 53.28 and ranking 14" in the World. Malaysia, Bulgaria, and Thailand are
also other upper-middle-income countries that scored 42.42, 39.98, 36.68, and

ranking 33, 37, and 44 respectively in the global innovation index ranking.

7. Conclusions and Policy Implications

Analyzing the data from the World Banks Enterprise Survey Indicators Database
from 2009 to 2019 for 39 African countries, the study found that firm age, firm
size, top managers experience, female top manager, ISO certification, exporter,
email website, firm funding sources, firm ownership, and firm location are sig-
nificant drivers of innovation in Africa. However, the statistics shown in Table
4, Table 5, Table 7, and Table 8 show that only 39.2% of the sample firms in-
troduced new technology in the last three years, while 49.2% introduced new
products in the last three years. In sharp contrast, we did not record a significant
relationship between obstacles to access to finance and all the dependent va-
riables (New Product, New Technology, and Index). We also found that only
19.6% of the sampled firms have ISO certification in the last three years. A
summary of the level of innovation among firms as captured by Index, shows

that only 31.7% of the firms fall within high innovation. This means that, only
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this percentage of firms spend on R & D and therefore are able to improve and
introduce new products and new technology in the last three years.

We find the low innovation level in Africa is not surprising. Given the low le-
vels of R & D expenditure to GDP ratio, the number of patent applications, and
the number of highly-qualified human capital per thousand labor force lag be-
hind those of the United States and other upper-middle-income countries as
shown in Figures 1-3. We again find one of the reasons for the low levels of firm
innovation, aside from the low investment in R & D, that there is a high concen-
tration of the highly qualified human capital (researchers), mostly in higher
learning institutions as opposed to public and private enterprises in Africa. In-
deed, from Figure 2, we find a huge gap between development in FTE per 1000
in Sub-Sahara Africa and the US. While the FTE per 1000 in Sub-Sahara Africa
was as low as 73, 84, and 91 in 2008, 2012, 2016, the USA recorded 3937, 4000,
and 4256 during the same period. Similarly, from Figure 2, the FTE per 1000 in
China (an Upper-Middle income country) is significantly higher than FTE per
1000 in Sub-Sahara Africa.

From the figures and regression analysis, the study suggests that, to salvage
the low levels of firm innovation among African firms, it will be prudent to i)
increase R & D spending (the ratio of R & D expenditure to GDP), ii) attract and
incentivized highly qualified researcher’s public and privative enterprises, not
only into higher institutions of learning, and iii) incentivize and promote patent

activities.
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