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ABSTRACT

This paper examines the impact of the technology frontier on
the Total Factor Productivity (TFP) growth in African countries. The
paper includes the human capital channel (i.e, low and high educa-
tion) in the TFP growth function. The model also adds net foreign
direct investment inflows and financial development as control varia-
bles. The long-run estimations indicate that the technology frontier
hampers the TFP growth. The technology frontier adversely affects
the TFP growth in a low education channel. Surprisingly, high educa-
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tion has a positive and insignificant impact on TFP growth. It is also
found that financial development decreases the TFP growth while
net foreign direct investment inflows have mixed effects. These find-
ings suggest that educated labour embodied in rich technology fron-
tier should also require the proper training for enhancing the TFP
growth in African economies.

JEL CODES
120; D24; 055; 030

1. Introduction

Developing countries have faced the multifaceted challenges of rising poverty, income
inequality and unemployment. Such challenges direct the government of developing
countries to enhance economic growth. The process of economic growth can be
increased if the factors’ productivity increases. Increasing factors’ productivity
becomes possible for developing economies to catch up with advanced economies.
Alternatively, how advanced economies tend to grow has to be imitated by the pro-
ducers of developing economies. This is because producers in developed economies
typically use augmented production functions where better technological usage and
high-skilled labour forces are used. As a result, output in advanced economies
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increases, but this is not the case for developing countries due to the lack of better
technological usage and the absence of skilled-labour forces (Gozgor & Can, 2017).

However, looking at the potential drivers of economic growth in developed coun-
tries, the developing economies should enhance the output level by using a better
combination of higher technology and skilled-human capital in the production pro-
cess. Once economic growth is enhanced, developing countries can invest in various
infrastructures and welfare schemes. As a result, developing economies can retard
poverty and reduce unemployment and income inequality. Similarly, consumers and
producers play a pivotal role in contributing to higher economic growth through
effective demand and supply generation. It implies that once market forces are influ-
ential, it will motivate producers to increase output through better technology
(machine) and skilled labour forces (higher human capital).1 In this context, we are
interested in empirically checking whether the technology frontier increases total fac-
tor productivity growth in developing economies in the presence of a human capital
channel. Moreover, this study is interested in including low and high human capital
to see their channel impacts on the technology frontier and, thereby, how the inter-
action between the technology frontier and the pattern of human capital contributes
to the growth of total factor productivity in developing countries.

The above research questions motivate us to understand the growth theory before
we proceed with the empirical investigation in developing countries. The endogenous
growth theory claims the importance of human capital in stimulating economic
growth (Acemoglu, 1996; Acemoglu et al., 2006; Romer, 1990). Motivated by the
endogenous growth theory, numerous studies empirically understood the linkage
between human capital and economic growth in developed and developing econo-
mies. For instance, Mankiw et al. (1992) find evidence of a beneficial impact of
human capital on economic growth, while Caselli et al. (1996) observe a significant
and negative impact of human capital, which is supported by the study of Islam
(1995) employing different estimators. In contrast, other studies like Knowles and
Owen (1995) and Pritchett (2001) observe no linkage between human capital and
economic growth. On the other hand, Griffith et al. (2004), Kneller and Stevens
(2006), Madsen et al. (2010) and also assert that a high level of education assists
human capital in quickly adopting new and innovative technologies. Therefore, the
nexus between human capital and economic growth is mixed.

Though literature affirmed the different kinds of the effect of human capital on
fostering economic growth, they cannot accept the empirical puzzle given by Krueger
and Lindahl (2001). They claimed that human capital increases economic growth in
the presence of low-level education. Regarding these issues, Vandenbussche et al.
(2006) attempted to resolve them by employing data from 19 OECD countries and
state-level data for the United States from 1960 to 2000. They discovered that human
capital does not impact imitation and innovation equally. They also added that skilled
human capital could modify the technology with innovation.

In contrast, unskilled human capital encourages imitation or spreading of the
remaining technology. Suppose the country is moving closer to the technology fron-
tier. In that case, tertiary (high-level education) education is necessary for any econ-
omy because of the high growth rate. In contrast, primary (low-level education)
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education does not have prime importance on economic growth. The findings from
the empirical analysis by Vandenbussche et al. (2006) are supported by Aghion et al.
(2009). Though the study by Vandenbussche et al. (2006) examines the role of human
capital in innovation for OECD countries, they neglect the impact of the technology
frontier on total factor productivity (TFP) growth through the channel of human cap-
ital in developing countries. The studies of Mendi (2007) in OECD countries, Seo
and Lee (2006) for 38 countries and Heshmati and Kumbhakar (2011) for China val-
idate the concept of Vandenbussche et al. (2006) by stating that technology enhances
the TFP of the host countries.

Additionally, in terms of budgetary perspective, the returns from the different types
of education are necessary. Suppose developing countries are mainly technology fol-
lowers and absorb advanced technologies by adapting them to local conditions and
applying them to alternative uses. In that case, the returns to lower-skilled workers
exceed those of higher-skilled workers (Shahbaz et al., 2019b). Conversely, suppose
human capital stimulates technological innovation in developed countries and raises
incomes by making capital and labour more productive. In that case, the returns of
high-skilled workers may be higher than those of low-skilled workers (Su et al., 2022c¢).
This issue suggests that the way human capital composition affects growth may vary
depending on the developmental stage of a country. Therefore, it highlights taking the
developing countries as the sample area. In this context, Caselli and Coleman (2006)
state that skilled and unskilled workers are imperfect substitutes and that the skill dif-
fers substantially between developed and developing countries. If this is the case, the
developing countries’ sample will provide important prime insights for the future.

To the best of our knowledge, few studies exist in understanding the determinants
of TFP growth (Heshmati & Kumbhakar, 2011; Mendi, 2007; Seo & Lee, 2006;
Vandenbussche et al., 2006). However, the impact of the technology frontier on TFP
growth through the human capital channel was not considered for the African and
other developing economies within a panel set-up. Therefore, our study makes an
empirical understanding towards such a research gap for the African economies.
However, we further believe this research gap that motivates us to investigate this
issue empirically for the African economies as part of our sample analysis because of
these stated reasons. First, African economies countries are chosen in our analysis
because these economies are developing in nature with different problems of poverty,
income inequality and unemployment.

Second, according to UNESCO Institute for Statistics (UIS), the African region has
the highest rate of educational deprivation than any other region. Around one-third of
adolescents between the ages of 12 and 14 are not enrolled in school, followed by
roughly one-fifth of children between 6 and 11 who do not attend school. The UIS
indicates that almost 60% of children between the ages of 15 and 17 aren’t even
enrolled in school. Third, the economic outlook of African economies has become most
severe in recent years due to the rising food and energy expenditures and more govern-
mental debt. Besides providing a solution towards the region’s high inflation rate, fos-
tering a higher economic growth rate is one of the most critical issues facing this
region in the 21st century.” This consequence makes this region the centre of attraction
for policymakers and researchers working towards developing African economies.
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In doing this analysis for the set of African economies within a panel framework,
this paper contributes to some aspects of the growth and development literature.
First, following the study of Vandenbussche et al. (2006), we examine the role of the
technology frontier in TFP growth for 27 African economies. Second, we also con-
sider the role of low (primary) and high (tertiary) human capital as the suitable chan-
nel in TFP function through which we empirically understand the impact of the
technology frontier on TFP growth. We are also adding high (tertiary) and low (pri-
mary) education with technological frontier to check the interactive impact of these
variables on TFP growth. Third, in terms of econometric methodology, we introduced
a new technique named the cross-sectional ARDL model proposed by Chudik and
Pesaran (2015) to estimate the relationship between technology frontier and economic
growth in the presence of low and high levels of education in African countries. In
light of our empirical analysis, our results could benefit African countries in enhanc-
ing their long-term TFP growth.

The following section 2 contains the empirical framework. Section 3 declares the
data sources, models, and methodology. Section 4 represents the results and discussion.
Section 5 highlights the important policy implications of the results. Section 6 concludes
with critical findings. Section 7 discusses limitations and directions for future research.

2. Empirical framework

Literature evidenced that different educational levels of human capital affect TFP
growth (Aghion et al., 2009; Vandenbussche et al., 2006). A high level of intellectual
(skilled) human capital is required for innovation, and a low level of education
(unskilled) is fitted for imitation. The impact of the technological frontier is nega-
tively related to TFP growth. This theory follows the hypothesis of the advantages of
backwardness proposed by Gerschenkron (1962), which summarises that a country
with less technology frontier enhances the TFP growth due to lower effective innov-
ation cost, which allows a faster catch-up to the technology frontier. Therefore, the
impact of human capital with higher education (skilled) and technological frontier
enhances the TFP growth as innovation is a skill-intensive activity. On the other
hand, unskilled or low-level education human capital decreases TFP growth with the
technology frontier because imitation needs mostly physical and less educated human
capital (Vandenbussche et al., 2006). The following empirical equation has been taken
to test this hypothesis:

TFPG; ,_ TFPG;
AInTFPG;; = Bln 75,51 + YHiron + 8Hyyy In 7}531
TFPGYS, TEFG>, (1)

+ 00X + G+t + e

where AInTFPGy is the TFP growth, %GG"U’;‘ is the relative TFP growth across the
t—1

country i (1... ... 27) and the United States (technology ladder), which is empirically

calculated as a proxy of technological frontier; h is a vector which indicates different

levels of education (primary and tertiary), X is a vector of the control variables
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(foreign direct investment and financial development), ¢, captures the individual
invariant time effects, C; is the time-invariant country-specific fixed effects, and g is
the stochastic error term.

The focus variables in the model proposed by Vandenbussche et al. (2006) are human
capital (levels of low and high education) and the interaction between human capital
and the technological frontier. The model predicts that the signs of these variables’ coef-
ficients depend on the education levels. Additionally, they argue that the interaction
between human capital with tertiary (high) education and the technological frontier is
positive. In contrast, human capital with primary (low) education and the technological
frontier is negative. The low levels of education following the innovation in the frontier
country is why the interaction effect adversely affects the TFP growth. Suppose the
country is near the technological frontier. In that case, the imitation effect becomes
more prominent as the effective imitation costs are less. They also added that the impact
of primary and secondary education levels is insignificant. In contrast, tertiary education
positively and significantly affected TFP growth because of the power of innovation.

3. Empirical models and data
3.1. Empirical models

The empirical estimation of this study is based on the cross-sectional autoregressive
distributed lag (CS-ARDL) estimator proposed by Chudik and Pesaran (2015) for a
panel of 27 African countries from 1991 to 2019. A sample of 27 African countries is
chosen based on the data availability. Following the existing literature, to make a
comparison of the relative effects of technological frontier and human capital on TFP
growth, we represent the models which describe TFP growth as a function of techno-
logical frontier, human capital (primary and tertiary education), foreign direct invest-
ment and financial development as follows:

TFPGy = f (TFy, PRy, PRx* TFy, FDI, FDy) (2)

TFPG;; = f (TF,'t, TR;;, TR x TF;, FDI, FD,'t) (3)

Where i indicate the country from 1-27, and t denotes the time from 1991 to
2019. TFP growth (TFPG) is the annual TFP growth rate.’ TF is a proxy for the
TFPG;,
TFPGY,
(i=1....27) and the United States (technology leader). PR and TR are the proxies of
human capital, which denotes primary and tertiary enrolment, respectively. FDI and
FD are the two control variables included in the regression function of TFP, named
foreign direct investment and financial development, respectively. The variables’ selec-
tion is based on Ang et al. (2011), Gozgor (2015), Liu and Li (2022), Shahbaz et al.
(2019a), Tao et al. (2022a), and Xiuwu et al. (2022).* The source-wise details of the
variables collected are provided in Table 1. The summary statistics are also presented
in Table 1. The mean and standard deviation values of PR, TR, FDI, and FD are
higher than those of TFP growth and Technology frontier (TF).

technological frontier ( ), which is the relative TFP gap between country i
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Table 1. Variables details and sources.

Variables Std.
Variables description notation Sources Mean Median Maximum Minimum Dev. Observations

Total Factor Productivity ~ TFPG Penn World Table  0.673  0.595 57.667 —46.868 5.635 783
Growth (Annual version 10.0
Growth Rate (TFP
at constant national
prices (2017 =1))
Technological Frontier TF Penn World Table  0.999  0.998 1.847 0.399 0.205 783
(Proximity to the version 10.0
technology frontier
is measured as the
relative TFP gap
between the sample
country and the US
(TFP at constant
national prices

(2017=1))
School enrollment, PR World Development 94.578 100.372 151.951 14781 26.708 783
primary (% gross) Indicators (WDI),
World Bank
School enrollment, TR WDI, World Bank  6.988  5.002  44.392 —0.831 6.879 783
tertiary (% gross)
Foreign direct FDI WDI, World Bank 94.817 95.407 214.121 11.139 34.538 783

investment, net
inflows (% of GDP)
Domestic credit to FD WDI, World Bank 7.057 4893 44414 —0.656 7.126 783
the private sector
(% of GDP)

Source: Authors’ estimations.

Table 2 depicts the correlation between TFP growth with technological frontier,
human capital (primary and tertiary education), foreign direct investment, and finan-
cial development. Most variables are negatively correlated with TFP growth, i.e.,
technological frontier, tertiary education, foreign direct investment, and financial
development, except primary education. The lower value of correlation between the
independent variables is the primary concern. Still, it does not create any threat of
multicollinearity issues for modelling the TFP growth function in the case of African
countries. In this situation, the estimated coefficients are expected to be unbiased.

3.2. Econometric methods

Given the considerable linkage between TFP growth and the technological frontier
among 27 African countries, we need to empirically estimate our variables’ cross-sec-
tional dependence in the TFP growth function. In doing so, we use the cross-sectional
dependence (CD) test proposed by Breusch and Pagan (1980) and Pesaran (2004,
2015). These tests follow the below statistical expression:

Table 2. Pairwise correlation matrix.

Variables TFPG TF PR TR FDI FD
TFPG 1.000

TF —0.306 1.000

PR 0.039 0.054 1.000

TR —0.015 0.052 0.292 1.000

FDI —0.005 —0.062 0.094 —0.034 1.000

FD —0.057 0.149 0.256 0.656 0.006 1.000

Source: Authors’ estimations.
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yir = o + Pixi + € (4)

where i is the number of cross-sectional countries (1-27), t represents the time
(1991-2019), and x; is a (k x 1) matrix of the concerned regressors. While ao; 1is the
intercept, and f; is the slope coefficient, which varies across the panels. These meth-
ods are valid while N> T and T > N. Therefore, CDyy and bias-adjusted LM (LM,g;)
tests were found appropriate, and their test statistics can be calculated as follows:

1 IN-1 N o,
P = <N(N—1)) > > (194" 1) ®)

T —k) — Wy
LMaq =,/( )ZZ F‘)}] L 6)
i=1 j=i+1 Tij

where Vr;, Hrij» and f)i]- represents variance, mean, and the sample estimate of the pair-
wise correlation of the residuals. In this context, the null hypothesis of cross-sectional
independence (Ho): COV (e, py) = 0 for all t and i # j, which is tested against the
alternative hypothesis (H;): COV (p;, L) # 0 for at least one pair of i # j.

Because of the cross-sectional dependence established across panel units in this
study, first-generation panel stationarity tests such as the IPS unit root test proposed by
Im et al. (2003) may fail to address the problem of cross-sectional dependence. We solve
this issue, and the cross-sectionally augmented Im, Pesaran, and Shin (CIPS) suggested
by Pesaran (2007) has been employed on all the variables associated with this study.
The method considers the cross-sectional dependencies in the data set and produces
reliable results. Equation (6) represents the CIPS test estimation process:

ATFPG,t = AOlit+ Bi-xitfl_k Y,T+ Z(Diijitfj_‘_ €t (7)
=1

Where notations A is the operator for differences, x;; is the explanatory variable
under investigation, T is the time, oy is the intercept and €; is the error term,
respectively. However, in the presence of cross-sectional dependency, endogeneity
and unit-root, we employ Cross-Sectional Autoregressive Distributed Lags (CS-
ARDL) method proposed by Chudik and Pesaran (2015) to estimate our empirical
model. This method has many advantages over other panel estimation methods, such
as providing robust results whether the series are co-integrated. The order of integra-
tion is I (0), I (1), or a combination of both (Chudik et al., 2017). As it is an ARDL
version of the dynamic standard correlated estimator based on individual estimators
with lagged dependent variables and cross-section averages, it considers the problems
of cross-sectional dependence and endogeneity (Chudik & Pesaran, 2015). This issue
allows the estimation of the group mean when the slope coefficients are heteroge-
neous. The group mean version of the CS-ARDL model is based on augmenting the
ARDL estimate with the cross-sectional mean of each cross-section as a proxy for the
unobserved common factors and their lags (Chudik et al., 2017). This method can
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work with the weak exogeneity problem when lagged dependent variables are added
to the model. The authors claim that augmenting the model with lagged cross-section
averaging avoids the endogeneity problem. The CS-ARDL estimate is based on the
following regression.

Py Px Po
TFPGy = o; + Zkl,iyi,tfl + ZBl,ixi,t—l Z(P,-ﬁi,t71+8iz (8)
=1 1=0 1=0
where Zz;; ; refers to lagged cross-sectional averages [z;—; = @i,zfp Xit—1)]. The

long-run coefficient of mean group estimates is:

_ P Bui
Ocsarpr, PR %)
1 > Ny
=0
where G/M\G = ﬁZfL éi, éi represents the individual estimations of each cross-sec-
tion. The error correction form of the CS-ARDL method is
~ Py-1
ATFPG; = Oilyii1 — Oixi] — o + le,iAlyi,t—l
=1
Px Po ,
+ ZBl,iAlxi,t—l Z(P,;IAZ%"' Mie (10)
1=0 1=0

where (); represents error correction speed of adjustment.

ATFPG; = ; + 0; (TFPGy_, — BXu-1 — 0 TFPG; — 02X;)
q-1 q-1 o -
+ ZTE,-]‘ASE,'I,]' + Z(DUAXitfj + phATFPGt + pZiAXt + git
=0 j=0

(11)

where ATFPG; is the dependent variable, Xj,_; is the explanatory variables vectors,
including FDI and FD, TFPG,; denotes expected values of regressors for the long
run, X;; expresses the long-run expected value of regressors, ASE;_; is the short-run
dependent variable, AX;; ; is the short-run independent variable, AX, denotes the
short-run expected value of explanatory variables, €; is the error term. j is the cross-
sectional units (1... .... j), and t is the time index (1... ... T). Unfortunately, this
long-run method also does not free from limitations. This method does not exhibit
homogeneity restrictions on parameters, which is a shortcoming of the CS-ARDL.
Despite certain commonalities, African countries impose some degree of techno-
logical, political and economic reform differences that cannot be solved by this
empirical method used in the analysis.
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4. Results and discussion

In Table 3, we reported the results of the first-generation unit-root tests proposed by
Im et al. (2003) to examine the presence of the unit roots. The results show that all
series have a mixed order of integration [i.e., I (0) and I (1)]. As we have employed
the cross-sectional dependence test shown in Table 4, we find that the null hypothesis
of cross-section independence is rejected, indicating the presence of cross-sectional
dependence in the panel data set. It also implies the presence of serial correlation
between cross-country error terms. According to Bhattacharya and Narayan (2015),
this is happening because of the heterogeneous effect across the countries.

Moreover, one can argue that cross-sectional dependence between the countries is pos-
sible if any policy change in one country can affect another. In this context, the traditional
unit root test is not ideal because it does not capture the cross-sectional dependence pre-
sent in the data series. Therefore, to solve this issue, this study employs augmented cross-
sectional IPS (CIPS) tests proposed by Pesaran (2007). The CIPS unit root test results
depict that most variables have unit roots mainly at intercept with the trend (see Table 5).
Thus, panel unit root results give a signal for applying panel cointegration.

After estimating the panel unit root tests, we employed the panel cointegration tech-
nique. As per Pedroni’s (1999, 2004) cointegration test results, Table 6 summarises

Table 3. First-generation unit root test (IPS unit root test).

Variables Level First Difference Inferences
TFPG —6.130%** 1 (0)
TF —0.326 —7.7120%* 1 (1)
PR 2.571 —7.709%** 1(1)
TR 2.938 —7.792%%* 1 (1)
PR*TF —0.771 —6.367*** 1(1)
TR*TF 2.543 —6.750%%* 1 (1)
FDI —7.873* 1 (0)
FD 0.103 —17.262%** 1 (1)
Note: *, **, and *** denotes significant at level 10%, 5%, and 1% respectively.

Source: Authors’ estimations.

Table 4. Cross-sectional dependence test.

Variables Breusch-Pagan LM Pesaran scaled LM Pesaran CD
TFPG 827.2%** 17.97%%* 6.628%**
TF 3,530%** 120.0%** 5.121%%*
PR 4,211%%* 145.6%%* 29.38%**
TR 5,771%%% 204 5%k 71.68%**
FDI 938.8%** 22.18%** 11.52%%%*
FD 3561.7%%* 121.1F%% 44.77F%*
Note: ***denotes significance at the 1% level.

Source: Authors’ estimations.

Table 5. Second-generation unit root test (cross-sectional IPS unit root test).

Variables Level First Difference
TFPG —4.350%** —6.014%%*
TF —2.141 —4.804***
PR —2.407 —4.664***
TR —2.134 —4.330%**
FDI —3.939%%* —5.956%**
FD —2.539 —4.996%**

Note: *, **, and *** denote significance at 10%,
Source: Authors’ estimations.

5%, and 1% levels, respectively.
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Table 6. Panel Pedroni cointegration test.

Model 1: TFPG = f (TF, PR, PR*TF, FDI, FD) Model 2: TFPG =f (TF, TR, TR*TF, FDI, FD)

Panel v-Statistic 1.948** 0.434

Panel rho-Statistic —4.376%** —3.9571%%%*
Panel PP-Statistic —17.900%** —18.889%**
Panel ADF-Statistic —5.811%%* —6.184%%*
Group rho-Statistic —2.9277%%% —2.742%%%
Group PP-Statistic —27.466%** —27.465%F*
Group ADF-Statistic —6.373%** —7.055%%%

Note: *, **, and *** denote significance at 10%, 5%, and 1% levels, respectively.
Source: Authors’ estimations.

that cointegration exists between the variables across all models. Therefore, we are get-
ting the long-run association between the panel data series. Along with the result of
the Pedroni cointegration test, the results of the residual cointegration of Westerlund’s
(2007) also support the validity of the cointegration across both models (see Table 7).
However, it is proven that TFP growth with other independent variables has significant
evidence of the long-term relationship.

4.1. Panel cross-sectional ARDL result analysis

We use the panel CS-ARDL model to study the short-run and long-run relationships
between the variables for 27 African countries. The long-run results in Modell of Table 8
indicate that the technological frontier (TF) negatively affects TFP growth (TFPG). It sug-
gests that the technological frontier is not utilised effectively by business firms in African
economies. In this context, one can argue that factor productivity growth can be
enhanced if the technological frontier is effectively introduced with the right labour forces
(i.e., skilled human capital). At the same time, low-level education (primary) benefits
TFP growth. This finding can be justified because people or low education workers get
jobs in the employment market. But once they get the job, they would like to contribute
to the production process effectively. This is because they know business firms can go
through a loss-making situation if they don’t put in their best effort. At the same time,
labour forces can find it very hard to survive in the business organisation.

If both technological frontier and primary (low) education interact, they also nega-
tively affect TFP growth. Because innovation is vital for skilled human capital, and
low-level education is generally better suited for imitation. Therefore, low-skilled
labour forces with low education could not contribute to the upward growth of busi-
ness activity even if they are engaged in the production process. One can further
argue that low-skilled labour forces do not know how to use better technology when
it is available. As a result, TFP growth declines with the interaction between the

Table 7. Panel westerlund cointegration test.

Model 1: TFPG =f (TF, PR, PR*TF, FDI, FD) Model 2: TFPG =f (TF, TR, TR*TF, FDI, FD)
Gy —4.716%%* 4 AAGFF*
G, —19.44%%* —14.54%**
P, —15.71%%* —15.73%%*
P, —15.713 —12.39%**

Note: *** denotes significance at the 1% level.
Source: Authors’ estimations.
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Table 8. Panel cross-sectional-autoregressive-distributed lag (CS-ARDL) test results.
Dependent variable: Total Factor Productivity Growth (TFPG)

Long-Run Analysis

Model 1: Primary education (PR) Model 2: Tertiary education (TR)
TF —37.1571%%* —50.329%%*
(13.077) (12.238)
PR 0.184*
(0.096)
TR —2.664%**
(0.917)
PR*TF —0.285%**
(0.089)
TR*TF 1416
(1.041)
FDI —0.012 0.243**
(0.230) (0.115)
FD —0.657** —0.678**
(0.313) (0.311)
Short-Run Analysis
D(TFPG) 0.4871%%* —0.363***
(0.022) (0.055)
D(TF) —16.683*** —82.725%%*
(5.678) (16.401)
D(PR) 0.082*
(0.048)
D(TR) —3.085%**
(1.025)
D(PR*TF) —0.129%%*
(0.038)
D(TR*TF) 2.378*
(1.413)
D(FDI) 0.014 0.326%*
(0.101) (0.162)
D(FD) —0.362** —0.827**
(0.179) (0.378)
ECT4 —0.518%** —1.363%%*
(0.022) (0.055)

Notes: *, **, and *** denote significance at 10%, 5%, and 1% levels, respectively. () denotes the robust standard
error. PR and TR are low and high education levels.
Source: Authors’ estimations.

technological frontier and low education. Finally, this finding supports the hypothesis
of the advantage of backwardness suggested by Gerschenkron (1962).

Surprisingly in Model 2 of Table 8, we find that tertiary (high) education has a sig-
nificant and negative impact on TFP growth in African economies. It implies that
although educated labour is embodied with rich technology frontier in TFP growth
function, the labour forces are not provided with the proper training to use the tech-
nology when embodied in production. As a result, educated labour forces are
employed in production but lack technical knowledge of correctly using the technol-
ogy. This issue could be one of the reasons for the adverse impact of high education
on TFP growth. We also find that the technological frontier through the higher edu-
cation channel (interaction between the technological frontier and high education)
increases TFP growth in the long run. Still, it is not practical because of its insignifi-
cant coefficient. In light of this finding, one can conclude that the higher education
channel is not working when used in productivity functions. This is because labour
forces with higher education also lack knowledge of technological usage.
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Foreign direct investment increases TFP growth when higher education is included
as an essential human capital channel in the TFP growth function. However, the
reduced impact of foreign direct investment on TFP growth is insignificant in the
presence of low-level education. It happens mainly because of the inability to use for-
eign assistance while enhancing TFP growth. Though our finding shows the mixed
impact of foreign direct investment on TFP growth, the higher education channel
(tertiary education) is compatible with foreign business because of the required know-
ledge capital. Finally, we find that financial development significantly reduces TFP
growth. It may be true because business firms in African economies may get financial
support from the banking sector but cannot utilise the financial resources effectively
in production (Su et al., 2022b). This result could be one of the reasons for the
adverse impact of financial development on TFP growth in African economies. This
finding goes against the primary idea of Schumpeter (1912), who noticed the enhanc-
ing impact of financial development on factor productivity growth.

This model observes the varying degree of short-run disequilibrium adjustments
(error correction term, hereafter ECT) toward achieving the long-run TFP growth
equilibrium and indicates panel CS-ARDL model accuracy. We conclude that the
short-run results are comparatively matching with the long-run results. In compari-
son, the ECT is negative and significant across all the models.” In terms of policy per-
spective, it suggests that policymakers of the African economies must scrutinise the
adverse effects of tertiary education on TFP growth. In contrast, policymakers should
consider issues like education inequality while formulating long-term educational
policies.

5. Policy implications of the results

The long-run findings of this study, shown in Table 8, have some important policy
implications for African countries. We find that the technology frontier significantly
reduces TFP growth. It shows that technological progress adopted into the production
function does not contribute to the growth of TFP. Somewhat it hampers the TFP
growth. In light of this, one can argue that labour forces that handle the technology
in production need to be trained enough to avoid declining TFP growth.

We also find that primary (tertiary) education positively (negatively) affects TFP
growth. This evidence is surprising where low education benefits the TFP growth
rather than high education. Suppose TFP growth is threatened by high education. In
that case, growth sustainability in African economies cannot be ensured in the long
run. Thus, it is a matter of concern for the policymakers and governments in African
economies to understand the weakness of high education when it is included TFP
growth function.

Furthermore, we find the mixed impact of technology frontier on TFP growth
regarding human capital channels. It shows that TFP growth decreases with technol-
ogy frontier when associated with low education. The positive impact of the technol-
ogy frontier on TFP growth remains ineffective in the presence of high education.
From the policy perspective, we suggest that these economies should enhance the
technology-knowledge-related training opportunity for labour forces that are highly
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educated and newly employed. In doing this, it is not easy for the government of
African countries because of their rising poverty, inequality and unemployment.
Therefore, we suggest that the governments in these economies should utilise foreign
assistance in developing the educational sector and invest more in making people
well-trained. Once labour forces or people with higher education are well-trained to
use the highest degree of technology, they can enhance TFP growth at a higher rate.

Suppose the African economies experience a higher rate of TFP growth. In that case,
the governments in these countries can invest more in welfare-enhancing schemes like
employment generation and poverty reduction. Perhaps, the governments in these econo-
mies can also import better frontier technology from other advanced countries that could
be used extensively in production. Eventually, the production function should also include
the right set of labour forces with higher human capital and better knowledge about
technological usage. In light of this, we know that production functions can be augmented
using a better combination of suitable technology and skilled human capital that could
result in higher output in the long run. But the augmented production function can also
be considered to replace a low-skilled labour force because of the focus more on skilled
and educated people who are highly compatible with the technological frontier.

From a policy perspective, one can suggest that augmented production function in
African economies should include both low and high-skilled labour forces besides
using technology frontier to avoid rising unemployment in the labour market. The
simple reason is that African economies are poor and developing and have poverty
and unemployment problems. Suppose augmented production function can only use
better technology frontier and skilled labour. In that case, it is a matter of concern
for the low-skilled labours in African economies because of the fear that they might
have an unemployment scenario in the long run due to the usage of low-skilled
labour forces replacing technology. On a final note, we argue that increasing factor
productivity is essential for the African economies, which can enable these economies
to catch up with advanced economies if the governments invest more in training for
both low and skilled labour forces and better education.

Surprisingly, we find the mixed effects of foreign direct investment on the technology
frontier in African economies. The varying effects of foreign direct investment on TFP
growth in African economies signal the policymakers and fiscal government to allow
foreign investments that will contribute to the growth of TFP. This evidence is because
TFP growth is the key to long-term sustainable development. If inefficient foreign
investments are allowed, it not only hampers the growth of TFP but can also deny
African economies to experience sustainable development goals (Azam et al., 2021).

We also find the adverse effect of financial development on TFP growth. It shows
that financial development does not drive TFP growth. Instead, financial development
hampers the growth of TFP in African economies. It shows that a developed financial
system enables producers to take loans from the banking sector to invest in business
activity. Even if producers use the money in business, financial investment ineffi-
ciency could result in declining TFP growth. The declining TFP growth rate can
cause a loss of profit for the producers. So, producers cannot repay the principal
amount and cost of borrowing to the banking sector. Such a situation can also multi-
ply the occurrence of non-performing assets in the banking sector, which is a greater
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sign of a financial crisis. Because of this, we suggest that the monetary regulator
should direct the banking sector to extend the loan to producers with creditworthi-
ness and profit-making capacity. Then only financial crisis due to loan defaulters can
be avoided in African economies.

6. Conclusions

This study has examined the impact of the technological frontier on TFP growth in
27 African economies from 1991 to 2019. This objective is also examined to see
whether the human capital channel is helping the technological frontier to enhance
TFP growth in African economies.

The result of the panel CS-ARDL method for long-run estimation observes that pri-
mary (tertiary) education positively (negatively) affects TFP growth. Hence, the techno-
logical frontier negatively affects TFP growth across both models. But interestingly, at the
time of interaction between primary and tertiary education with the technological frontier,
primary (tertiary) education negatively (positively) affects the TFP growth. This evidence
implies that in the presence of professional education of human capital, the African
economies can attain a higher rate of TFP growth as they can concentrate more on innov-
ation rather than imitation by reducing the technological gaps. But this remains a distant
dream for the African economies to attain a higher rate of TFP growth as the higher
human capital channel becomes insignificant in the estimated model despite its positive
impact. In light of this finding, one could view it as a concern for the African economies
due to the ineffective positive influence of higher human channels on TFP growth.

We find that in the case of primary education, human capital cannot contribute to
TFP growth as it is not driven through innovation and imitation, mainly by a highly
educated person. Therefore, these findings prove the hypothesis of Vandenbussche
et al. (2006). Finally, financial development should be added to the TFP growth func-
tion as one of the crucial determinants because of its adverse impact on TFP growth
in the long run. However, the varying effects of foreign direct investment indicate
them as an essential determinant of TFP growth.

The findings cannot be generalised to another developing world because it is spe-
cific to the African economies. It is true because African countries’ socioeconomic
and political characteristics differ from others in the developing world. However, this
study is not free from some underlying limitations. First, this study has not analysed
the African region’s low- and middle-income countries. Second, we have ignored the
role of gender human capital as one of the potential channels in total factor product-
ivity growth function while doing the empirical analysis for 27 African countries.
Third, we have not included climate policy uncertainty, the Covid-19 outbreak, the
global financial crisis, outward foreign direct investment and urbanisation as essential
factors in the total productivity growth function.

Therefore, we believe that these determinants cited in the above limitations are cru-
cial in productivity growth following the recent studies (Bajra et al., 2023; Pan & Yue,
2022; Ren et al., 2022; Shang et al,, 2022; Song et al,, 2021; Xiuwu et al., 2022). Hence,
we suggest these gaps for future research, mainly in applied public and resources eco-
nomics. In this context, one could do these suggested research gaps for the African
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countries or can think of doing a global analysis. Perhaps, findings based on the global
data could be generalised across the developing world. Finally, we believe that exciting
perspectives could arise when one engages in doing it within a panel framework with
the help of advanced estimated techniques. Moreover, the TFP growth function can be
augmented by adding climate policy uncertainty due to extreme natural events (i.e.,
tsunamis and floods) often-taking place and affecting all countries worldwide. Since all
economies have been affected by the Covid-19 outbreak since 2020 (Atsalakis et al.,
2021; Bajra et al.,, 2023; Pan & Yue, 2022; Qureshi, 2022; Su et al., 2022a; Tao et al.,
2022b; Zhang et al., 2022), the future study needs to include it while understanding the
TFP growth function for the developing economies.
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Notes

1. A combination of better technological usage and high human capital refers to the
technological frontier. However, the technology frontier is usually looked into the total
factor productivity differences, which are measured by the ratio of factor productivity of a
developing economy divided by the total factor productivity of the United States economy.

2. African economies are mostly facing reduced economic growth and development due to
less trade openness and FDI flows (Buysse et al., 2018), higher level of poverty (Yameogo
& Omojolaibi, 2021), and minimal opportunities for education and jobs (David & Grobler,
2020).

3. The TFP is estimated as a residual of the aggregate production function (Y/K,L; ), where
Y is real GDP per capita, K is physical capital stock, L is the labour force, and o is a
portion of income which usually goes to capital stock. The capital stock is measured by
employing the Solow model steady-state value of RIi0 / (dep + growth), where RIi0 is the
real investment, dep is the rate of depreciation, and growthi is the real investment growth
rate over the sample period. The value of the capital stock is generated by employing the
perpetual inventory method by taking the current depreciation rate.

4. Liu and Li (2022) pointed out the influential impact of the banking sector on total factor
productivity for developing countries. Per their thought, the number of bank branches and
expansion of the banking operation across the regions can improve the TFP. Xiuwu et al.
(2022) evidenced the importance of two-way foreign direct investment (FDI) on TFP.
They stated that the enhancement of the overseas investment opportunity could produce
more productivity growth in the domestic economy.

5. More extensive discussion of short-run results is not made to conserve the journal’s space.
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