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About

Croatian Review of Economic, Business and Social Statistics (CREBSS) is a scientific journal
published by SCIENDO on behalf of the Croatian Statistical Society. It publishes original and
high-quality articles focused on statistical methods developed and applied in economy,
business processes and social sciences in a very broad meaning. It targets a very wide
audience of statisticians, whether they are scientists, professionals, educators or students,
influencing modern economy, business and society. The journal also encourages submissions
that describe scientifically interesting, complex or novel statistical modelling aspects from a
wide diversity of disciplines, and submissions that embrace the diversity of applied statistics.

It attempts to provide a platform for the presentation and critical assessment of statistical
methods, in particular for the discussion of their methodological foundations as well as their
potential applications. Methods that have broad applications will be preferred. However,
special aftention is given to those statistical methods which are relevant to the economic and
social sciences. In addifion to original research papers, readers will find survey articles, short
notes, problem section and book reviews.

Aim and scope

CREBSS aims to be the major resource for applied statistical modelling, covering both
methodology and practice. Its goal is to be multidisciplinary in nature, promoting the ideas
between substantive research areas. The intention in publishing such manuscripts is to provide
an opportunity for readers to see the potential to fransform data analysis in the field. The goal
of the CREBSS journal is to demonstrate how statistical science, research design and analysis
methods play important roles in economy, business and society. The journal targets the current
issues regarding the official statistics data production, and discusses the broad variety of
applied statistical problems that might be outcomes of scientific survey research design,
experimental design or observational study in economy, business and for different social issues,
respecting the overall turbulent influences caused by the modern ICT and software
development. In this respect, the CREBSS journal fosters the exchange of ideas, experience
and knowledge among statisticians.

The journal does not have article processing charges (APCs) nor artficle submission charges.

Papers submitted for publication should be original theoretical, practical and applied papers.
The journal also publishes case studies describing innovative applications and crifical reviews
of statistical theory.

The anonymous double-blind peer review by the two independent reviewers is applied to all
the papers.

Rejection Rate: 35%

Why submit

The CREBSS journal is a good opportunity for publication of research focusing either on
statistical theory or on statistical methods applications in economics, business and social issues.
Areas such as finance and commerce, management, marketing, and also in agriculfure,
industry, consfruction, engineering, demography, psychology, sociology, law, politics, opinion
polling, government, education, biomedical and physical sciences, health and medicine,
pharmaceutics, kinesiology, ecology, environment, tourism, sports, leisure, ICT and quality issues
are welcome. Statistical data collection, processing, compilation, dissemination, and data
exploration and analysis, with organizations, regions, countries, or persons as possible units or
levels of the analysis, all might be of interest. Since any interesting fopic and applications of
statistics are welcome, there are no restrictions to subject matters. Papers emphasising current
concerns regarding statistical theory and challenging applied problems in multi- and cross-
discipline issues (such as computational stafistics, data mining and pattern recognition,
simulation modelling, or related to optimization, mathematical programming, etc.), resulting
with new statistical approaches are of special interest. It is expected that papers are



methodologically well sounded, and that real-life problems are freated, showing novel
solutions.
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Abstract

The purpose of this study is to analyse the influence of exchange rate shocks on
foreign frade (exports and imports) of fiffeen economies within the ECOWAS sub-
region. To accomplish the goal of this paper, Autoregressive Distributed Lag (ARDL)
procedure was employed to investigate the impact volatility in the exchange rate
market has on foreign trade in both long- and short-term with data between 1980
and 2020. To compute voldatility, it relied on the GARCH (1, 1) model which predicted
the conditional variances as proxy for volatility. Our empirical results are distinguished
info export model and import model, and reveal that volatility in exchange rate
influence foreign trade performance (exports and imports) negatively in the short-
run, though statistically insignificant. The impact however becomes positive in the
long run, and statistically significant for the two models. These results signpost that
while the voldtilities in foreign exchange market appear to deteriorate the
international frade of these economies in the short-term, it substantially and
significantly causes its improvement in the long-term. Hence, our results validate the
J curve effect in the case of these ECOWAS economies. Policy implication from the
findings suggests that to develop a robust international frade and ultimate
economic growth, it is recommended that policymakers of these economies
maintain a short-term stability in their foreign currency markets by way of adopting
some intervention measures.

Keywords: ARDL ECOWAS, exchange rate, exports, imports, tfrade performance,
volatility.
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Infroduction

Foreign trade has long been seen as an important factor in a country's economic
development. It usually appears in the current account of the Balance of Payments
(BOPs), where the credit side contains exports and imports documented on the
debit side. Because of clear disparities in resources, such as natural vegetation, raw
materials, soil, climate, physical and ecological factors, foreign ftrading is
inescapable as a result of unevenly distributed factor endowments with productive
power across various nations of the world. Furthermore, worldwide commercial
activities may be influenced by economic development, capital accumulation and
foreign capital inflows, advancement in technology, legislation, and government
adlliances. Also, Mercantilism in the 17th and 18th centuries, theory of opportunity
cost, comparative/relative advantage theory, absolute advantage theory, theory of
general equilibrium, are among the theories surrounding international trade. The
central premise of all of these theories is Ricardo's (1817) theory of comparative
advantage, which stated that an economy might concentrate on the manufacture
of those products wherein there is comparative cost advantage or least difficulty in
manufacturing and then sell to the rest of the world. Thus, in today's world, no
country can be self-sufficient in tferms of the production and consumption of every
commodity it requires. The converting of one currency to another currency, usually
between two countries' currencies, is known to as the foreign exchange rate; and
this fransaction is carried out in the foreign exchange (FOREX) market. Several
empirical evidence exist that a number of exchange rate regimes exist in the global
economy. There was the fixed exchange rate regime in which economies were
subject to the Gold Standard, which lasted from 1879 to 1934 (Senadza, Diaba,
2017). Following that, the Brefton Woods system was established, wherein the US
dollar was linked to a specific amount of gold while other economies’ currencies
were linked to the United States Dollar. In the 1970s, this system failed, and a market
floating exchange rate system was instituted, through which the rate of exchange is
decided by the market forces of demand and supply of foreign currency in the
FOREX market (Bahmani-Oskooee, Gelan, 2018). Together with the flexible exchange
rate system, there is also the popular managed float rate system, in which the
monetary authority (typically the central bank) intervenes on behalf of the
government to keep the value of currency within predetermined bounds.

The influence of the fluctuations in exchange rate on frading activities has
sparked intense arguments among policymakers and academics since the treaty in
Bretton Woods collapsed in 1973. The size of such discussions is greater, particularly in
nations with modest stages of economic advancement. Concerning African
economies, the problem of exchange rate volatility might become a more
challenging matter for their pursuit in achieving the objective outlined in their
development policies, which would transform their economies intfo sustainable and
long-term growth. Further, as these countries strive for consistent economic growth,
they may liberalize the inflow and outflow of capital and financial transactions
across their borders, exposing them to increasing exchange rate dynamics. In
conftrast, exchange rate volatility may cause uncertainty among traders who wants
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to maximize their returns, increase risk aversion, and reduce the intensity of their
involvement in the foreign trading activities (exports and imports), resulting in a lower
value and amount of frade and further stifing economic development. Despite the
fact that such anticipation necessitates some symptoms of concern, the influence of
exchange rate instability on exports and imports movements suggest that the
outcome could be beneficial or negative. Accordingly, foreign trade may actually
increase if the heightened exchange rate dynamics stimulates merchants to
increase their amount of tfrading so as to counterbalance any predicted reduction in
possible rewards. Therefore, the probable dualistic impacts of the dynamics in the
foreign exchange market on foreign tfrade movements will be validated empirically
in this study. Sequel to the fact that growth in major economies in African has been
fueled by a steep surge in the amount of foreign trade, which has been caused
primarily by increased need for unrefined resources and higher commodity prices,
examining the influence of exchange rate volatility on foreign trade performance is
both well-timed and crucial for these ECOWAS states.

The investigation on the short- and long-run macroeconomic implications of
managed or semi-floating exchange rate systems with rising volatility in exchange
rate on foreign trade, particularly in least developed countries, would be beneficial.
This paper scrutinizes the nexus between exchange rate volatiity and the
performance in foreign trade using selected ECOWAS economies in the face of
enduring deficits in their current accounts and the issues surrounding their
management. Although there are existing researches on the nexus between
exchange rate volatility and foreign trade performance in emerging economies in
general (see e.g., Nguyen, Do, 2020; Sugiherti et al., 2020; Thuy, Thuy, 2019; Latief,
Lefen, 2018; among others), given the expected regional disparities, a focus on
Africa and ECOWAS in particular is relevant. Several studies have been conducted
on countries in SSA with specific attention on particular countries (see e.g., Yakub et
al., 2019; Zaki et al., 2019), and their findings are unlikely to be usefully generalizable.
Moreover, to the extent that we are aware of, much research attention has not
been given on the effect of currency rate fluctuation on exports and imports in
ECOWAS countries. Recently, few studies analysed the association between
exchange rate dynamics and frade performance in panels of SSA economies, but
they randomly selected their samples without concentrating on a particular sub-
region (such studies include: Bahmani-Oskooee, Gelan, 2018; Bahmani-Oskooee,
Arize, 2020; Shuaibu, Isah, 2020; Senadza, Diaba, 2017). For example, Bahmani-
Oskooee and Gelan, 2018 considered 12 SSA countries without a specific sub-region;
their study was based on bounds-testing and comparative. Given the characteristics
of the ECOWAS region and its uniqueness, it has become necessary to investigate
how the dynamics in the currency market influence their international commercial
and frading activities. Thus, due the significance of this subject, the current study
analyses the implications of exchange rate volatility on foreign trade movements
with data from fiffeen ECOWAS nations covering the years 1980 to 2020. In Africa,
particularly in the ECOWAS region, the issue over currency rate volatility and its
effects on foreign trade (exports and imports) has received little empirical attention.
In this paper, we employ the exchange rate volatility modeled by GARCH (1,1) and
panel ARDL to address the problem. Hence, the main objective is to empirically
examine the relationship between exchange rate volatility and foreign frade
performance, and also to test whether the J curve effect can be validated in these
ECOWAS economies.

The study is divided into five sections: section 1 intfroduces the study and its
motivation, section 2 includes a theoretical background and literature review.
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Section 3 contains the methodology, data, and preliminary analysis. The empirical
evidences, analysis and discussions are exhibited in part 4, and section 5 offers some
concluding comments.

Theoretical and empirical review

The review of theories underpinning the connection between exchange rate
dynamics and general trading activities and prior studies are presented herein.
Several researches (Arize et al., 2017; Senadza, Diaba, 2017; Bahmani-Oskooee,
Gelan, 2018) have looked into the effects of exchange rates volatility on foreign
trade. The idea supporting the negative impact of exchange rate volatility on global
trade movements gained prominence in Ethier's (1973) book. The model of Ethier is
based on the decision making of firms that are risk-averse with respect to forward
exchange cover and imports in a period of currency rate fluctuations. The trading
reaction in the face of exchange rate volatility is deductively negative under the
assumption of risk aversion, albeit the magnitude of this inverse correlation reduces
with the firm's speculative activities (Ethier, 1973). Further, other scholars such as Clark
(1973), McKenzie (1999) established a comparable concept to the model of Ethier,
whereas Demers (1991) and Franke (1991) developed the risk-neutral hypothesis.
Moreover, according to Bahmani-Oskooee and Hegerty (2007) several theoretical
evidences supported the assertion that exchange rate volatility favourably
influences foreign tfrade performance among countries.

Empirically, diverse studies have been carried out on the exchange rate-trade
relationship for developed and developing markets. For example, Hall et al. (2010)
examine the link between exchange rate volatility and exports performance in
developing countries and find positive significant relationship; implying that the
liberalisation of capital markets of these economies can decrease the influence of
shocks in exchange rate on exports performance. Also, Latief and Lefen (2018)
examine whether exchange rate volatility influence international tfrade in a panel of
7 Asian developing markets. By constructing different proxies for exchange rate
volatility, they find that volatility in the currency market negatively impact
international frade of the sampled economies operating the “One Belt One Road”
(OBOR) project. Similarly, Lin et al. (2018) analyse the modulating role of credit
constraints in the exchange rate dynamics-trade performance nexus for a large
sample of 132 economies. By developing a small open economy general equilibrium
model, they find that on average the exports activities of credit constraint firms is
negatively associated to exchange rate volatility, while the influence on the exports
of unconstraint firms appear to be ambiguous. This suggests that the exports
performance of firms that are more constraint are more affected than those of less
constraints firms.

Thuy and Thuy (2019) analyse whether exchange rate fluctuations affect the
Vietnamese exports market by using quarterly data from 2000 to 2014. Their results
reveal that the volatility in exchange rate significantly deteriorates the level of
exports in Vietnam in the long-term. Also, as Vietnamese currency depreciates,
exports decline (improve) in the short-run (long-run), which validates the presence of
J curve effect. In another study, Nguyen and Do (2020) examine the impact of the
volatility in exchange rate on the Viethamese exports performance for a period from
2009 to 2018. With the adoption of error correction model, they submitted that
exchange rate voldatilities do not influence international frade in the short-term, but
significantly influenced external frade in the long-term. Similarly, Vo et al. (2019)
analyse the disaggregated reactions of exports to exchange rate depreciation and
volatility in Vietnam to its major trading associates between 2000 and 2015. By
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employing GARCH based and long-run cointegrating models, it was discovered that
in the short-run, depreciation in exchange rate enhances manufacturing exports,
while the volatility in exchange rate declines exports in long-run; and the outcomes
are dependent on exports type and destination of exports.

Héricourt and Poncet (2015) analyse the effect of exchange rate volatility on
trading activities of Chinese firms and recorded that the volatilities in the currency
market deteriorate the trade performance of firms, and the impact is worsened in
firms that are financially vulnerable. Bostan et al. (2018) examine whether exchange
rate dynamics affect the exports and imports activities through international
commercial frade competitiveness in Romania and find negative impact of
exchange rate volatility on both exports and imports. Recently, Abbas et al. (2020)
investigate the link between exchange rate fluctuations and China's trading
activities with its performance across high-income, middle-income and low-income
economies for the period from 1992-2017. By using the global vector autoregressive
(G-VAR) model, they submitted that the exchange rate policy in China negatively
affects its imports but positively impact its exports with its trading associates. The
study therefore established that the Chinese Renminbi is a domineering currency in
international frade. Sugiharti et al. (2020) analyse the relationship between
Indonesia’s exports activities with its top 5 partners in the exports market and its
exchange rate voldtility. By estimating the linear and nonlinear models, they
concluded that the dynamics in FOREX market have an adverse impact on the
exports performance of the Indonesian economy.

In Africa, only a few studies have been carried out on how the volatilities in
exchange rate influence foreign trade performance in SSA economies, with the
majority of these being time series studies. For example, Osei-Assibey (2010)
generating a voldtility index with the GARCH approach examines the relationship
between cross-border trading activities and exchange rate dynamics within 3 SSA
countries, and with their trading associates. Using a gravity formulation, it was
concluded that the impact of volatility on trading profitability is negligible. Zaki et al.
(2019) argued that real exchange rate depreciation causes exports values to
increase but does not influence the quantity of exports in the case of Egyptian trade
performance. Yakub et al. (2019) examined how trade flows are impacted by
exchange rate variations in Nigeria and documented that the dynamics in
exchange rate adversely impact tfrade movements in the short-term, whereas the
relationship is insignificant in the long-term. Suggesting that central bank should
ensure stable FOREX market in the short-run.

Further, few studies have been conducted on a panel of randomly selected SSA
economies. For example, Senadza and Diaba (2017) find that exchange rate
volatility has negative (positive) impact on trade in the short-run (long-run) in a study
for selected SSA countries. Shuaibu and Isah (2020) examined the symmetry and
asymmetry influence of exchange rate fluctuations on the balance of trade in five
economies in Africa, and find mixed results with positive influence in the short-run for
Uganda and in the long-run for Algeria in the symmetry model. Conversely, in the
asymmetry model, they observed positive effect in the case of South Africa and
Uganda in the short-run and in Algeria and Uganda in the long-run. Bahmani-
Oskooee and Gelan (2018) analyse the influence of exchange rate dynamics on
trade flows in terms of exports and imports for twelve SSA economies. By considering
the short-run and long-run properties, they documented mixed outcomes, which
revealed that exchange rate volatility influences majority of the economies’ trade
movements in the short-term, while there were constraints in the association in the
long-term. It was concluded that the level of global and domestic economic
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activities were key factors determining trade flows. Also, Bahmani-Oskooee and
Arize (2020) examined how uncertainties in the exchange rate market influence
exports and imports of thirteen African economies; by analyzing symmetry and
asymmetry models, they argued that the nature of the relationship is asymmetrical.
Therefore, our current paper uses data from fifteen ECOWAS economies to offer
more insight on how the voldatilities in exchange rate influence foreign trade. Unlike
prior studies, we investigate the link between exchange rate volatility and foreign
trade performance in both the short-term and long-term, and in two directions of
trade — exports and imports. We also, test the J curve effect on the relationship
between exchange rate and foreign trade performance.

Methodology and data issues

The goal of this paper is to analyze the short- and long-run influence of exchange
rate volatility on foreign trade performance (exports and imports) in fiteen ECOWAS
countries. To do so, the study employ a long panel data representation of the time
series autoregressive distributed lag (ARDL) approach. This approach is suitable in
handling the existence of potential non-stationarity and heterogeneity in long period
and large sample size (see Pesaran, Smith, 1995; Pesaran, Shin, 1995 and Pesaran et
al., 1999 for details). Several studies have used the same model previously (see for
instance; Adeniyi, Kumeka, 2020; Chaudhary et al., 2016; Alam, 2010).

The ARDL was employed for two reasons. Firstly, it would take into consideration
both non-stationarity and heterogeneity impacts in frade performance data.
Secondly, where there is non-stationarity or there exists a combination of [(0) and I(1),
but not higher than I(1), it is more appropriate (Shin et al., 2014). Further, as indicated
in Blackburne and Frank (2007), the dimensions of large sample size and large fime
period dynamic panels differ from the dimensions of large sample, small fime period
dynamic panels. Moreover, the Pooled Mean Group (PMG), Dynamic Fixed Effects
(DFE), and Mean Group (MG) estimators are three popular strategies for the
estimation of this type of dynamic heterogeneous panel data model. The MG
estimator relies on averaging the coefficients after calculating N time-series
regressions, whereas the PMG estimator combines pooling and averaging of
coefficients (Blackburne, Frank, 2007). In the long term, the DFE is similar to the PMG
estimator in that it limits the slope coefficient and error variances to be equal across
all countries. Nonetheless, the Hausman test statistic is used to select the best model
and to determine whether either of estimators differs in a systematic way. Equation
(1) expresses the relationship between foreign trade, exchange rate and some
explanatory variables:

FTR;; = ay + ajexry + a X + ;¢ (1)

where FTR.exr;,and X, denote foreign trade (exports and imports of goods and
services), nominal exchange rate and a covariates of exogenous variables,
respectively. i and t represent country and fime period counters, whereas «a,, a; and
a, stand for the intercept and coefficients to be estimated. Lastly, the idiosyncratic
disturbance/noise term is denoted by &;.

Consequently, following Equation (1), the long panel ARDL is given as:

l q m
FTRy = Z SixFTRj ¢tk + ) BijXit—j + Z YinVOLit—n + 1y + &t (2)
k=1 j=0 n=0
k=1;---:p;j=0;1;---:q;n=0111---1m
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N1 N2
AFTRj = 8o; + 61;FTR;—1 + 62iX; -1 + 63;VOL; 4 + z Ui AFTR; ¢ + z @i AX;
j=1 j=0
N3 (3)
+ Z (,bijAVOLi,t—j + Ui + gi,t
j=0
i=12,..,N;t=1,2,.., T

In Equations (2) and (3), FTR,and X;are as defined earlier; exchange rate volatility
is denoted by VOL; the group-specific weight is captured by u;. We compute the

long run elasticity/slope coefficients for all cross-sections as —% and —% with the

1i 1i

assumption that in the long run, AFTR;;_j=0; AX;;_;=0and AVOL;,_; =0. The
exchange ratfe volatility coefficient for the short-run is represented byg;;. The setup
error correction term (ECM) is specified in Equation (4):

N1 N2 N3
AFTRit = Soivi,t—l + 2 ﬁijAFTRi,t—j + wijAXt—j + (pbl]AVOLt—] + Ui + Eit (4)
j=1 =0 =0

]

]

where v, 1 =711 — @i — P1;Pe—1 represents the symmetric ECM for individual
economies; whereas the long-run equilibrium or speed of adjustment parameter is

indicated by g; for all countries. The parameters ¢,; and ¢;; are computed as —%

1i

and —% respectively. It is assumed that both Equations (3) and (4), show symmetric

1i

connection of exchange rate volatility with foreign frade performance.

Data structure and preliminary analyses

The influence of exchange rate volatility on foreign trade is investigated using annual
data for all the variables, namely nominal exchange rate, exports and imports, for a
sample of fifteen ECOWAS economies with dataset running from 1980 to 2020. Some
theoretical explanatory variables were also included in our model; these are the
nominal GDP as a proxy economic growth, industrial activities proxied by the industry
value added and the general price level proxied by the annual inflation rate
measured in percentage. Data was sourced from the World Bank's World
Development Indicators. In gathering the data, some missing values were
discovered; in such a case we used cubic spline interpolations and backward
casting to fil such gaps. The Generalized Autoregressive Conditional
Heteroscedasticity (GARCH) model initially recommended by Engle (1982) and
further supported by Bollerslev (1986) is used in the study to forecast and construct
the volatility index. The GARCH (1,1) model takes into consideration volatility
clustering, which is a feature that suggests volatility occurs in clusters. This model is
most suitable in capturing volatility in key financial phenomena and events, for
example, foreign exchange market fluctuations and other macroeconomic
dynamics (Bollerslev et al., 1992; Granger, 1992; Franses, Van Dik, 1996; Hansen,
Lunde, 2005; Eriksson, 2013; Dyhrberg, 2015; Katsiampa, 2017). On building the
GARCH model, given an exchange rate index as EXT, and the exchange rate return
as r;. The returns on exchange rate was calculation by take the log-difference; that
is, . = log E XT, — log E XT;_;. The index t in this study stands for annual observations.
Even though higher-order models have occasionally been proven to be helpful, the
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(AR(p) — GARCH(1,1)) autoregression with GARCH (1,1) disturbances is the most used
empirical model for the return T, and it is stated as

$,(B), = p+¢,, with ¢ (B)=1-#B—---—¢ B’/ e, ~ N(0,h), where h,=w+ag;+

Bh._,. The factorBis the backward shift operator defined by B¥x, = x,_,. The intercept
is represented by pand is typically estimated to be equal to close to zero (see
Bollerslev, 1986). Benin Republic, Burkina Faso, Cabo Verde, Cote d'Ilvoire, Gambia
the, Ghana, Guinea, Guinea-Bissau, Mali, Mauritania, Niger, Nigeria, Senegal, and
Togo are among the ECOWAS countries with available data. The analysis begins with
descriptive statistics and present the group statistical aspects of the series using
standard approaches for variables with fime series qualities. Table 1 presents the
summary statistics.

Table 1 Descriptive statistics and pairwise correlations

Panel A Exports GDP Imports Exchange | Industry Inflation
Variables rate

Mean 25.4253 26.9470 25.8081 4.9205 25.3315 8.0704
Std. dev. 3.1693 3.1066 3.0821 2.5886 3.1936 13.1476
Min. 12.5728 15.2707 12.4599 -8.1993 13.1394 -7.7966
Max. 32.0094 32.6696 31.7832 9.1932 31.5247 122.8745
Observations | 615 615 615 615 615 615

Note: Exports and Imports represent the exports and imports of goods and services as proxy
for tfrade performance; GDP represents nominal gross domestic product as a proxy for
economic development; inflation is the inflation of consumer prices in annual percentages;
exchange rate is the nominal official exchange rates while industry represents the industrial
value added of the sample economies.

Next the panel unit root tests are conducted on all variables, as is required for
panel series with large T. When non-stationarity is an issue, the recommended
dynamic heterogeneous panel data model is frequently considered. Three different
categories of panel unit root tests are taken into consideration. Group one includes
unit root tests process by Harris and Tzavalis, Breitung et al. (2007) and Levin et al.
(2002). Group two includes Im et al. (2003) and Maddala and Wu (1999) unit root
process, whereas group three deals cross-section dependence (CD) of Pesaran
(2007). Table 2 presents the different unit root results.

Table 2 Panel unit root tests

Test method Exports GDP Imports Exchange Industry Inflation Volatility
rate index
Null hypothesis: unit root with common process
LLC t* -4.0624**| -4.7302%** | -3.9006*** | -6.4059%** | -4.0703*** | -7.0415%%* | S11.1164%
Breitung(A) t-stat -10.4500%**f -6.9088*** f -10.0705%** f -9.0227*** f -12.421 7% f -7.5298*** | -14.8143** |
H-Tp 0.0115%** f 0.2981*** f 0.1096*** f 0.2046*** f 0.1822*** f 0.4827*** | 0.1791*** ]
Null hypothesis: unit root with individual unit root process
IPS W Stat Z; -12.8552%* f -12.4159%** f -12.8389*** f -4.8715%%* | -12.8363*** f -8.7423%** | -12.2037%** |
ADF Fisher x?2 2.1847** f 4.0293*** | 4.0130*** f 5.3273*** | 2.9894*** f 2.8027*** | 3.7053*** |
Pesaran CD test? -3.477** | -1.986** f -2.390%** | -2.686*** | -2.620%**f -4.055*** f -2.341%%* |
Cross-sections 15 15 15 15 15 15 15
Periods 41 41 41 41 41 41 41
Observations 615 615 615 615 615 615 615

Note: | and f denote stationarity at level and at first difference respectively, while ***, ** *
indicate stafistical significance at 1%, 5% and 10% respectively. LLC, H-T and IPS represent
Levin, Lin & Chu, Harris-Tzavalis and Im, Pesaran & Shin respectively.

As indicated in Table 2, Peseran (2007) which test assumes the H,of homogeneous
non-stationary against the H; of possible heterogeneous, indicate the rejection of
the H,. This therefore confirms that there exists of cross-sectional dependence (CD)
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among the variables. Considering the other panel unit root tests, we find that the
variables for exports, imports and industry value added are at first difference
stationary in all the test types except under Levin et al. (2002). The proxy for
economic growth, nominal GDP is stationary at level when we used Levin et al.
(2002) and ADF Fisher, but stationary at first difference in the other unit root tests.
Also, I(1) order of integration was evidenced in the results for nominal exchange rate
in the case of Breitung and Harris-Tzavalis unit root tests, whereas it is integrated at
order 1(0) in the other tests. Last, the series for inflation reveals level stationarity in all
the unit root tests. Overall, our unit root test results are on the borderline between [(0)
and I(1), and there is no evidence of I(2). Moreover, concentrating the CD test results
of Pesaran (2007), we confirm the presence of heterogeneous cross-sections among
the variables. Hence, the basis on which the fundamental structure of this paper is
estimated to capture the essential non-stationarity and heterogeneity that is suitable
in long panel data analyses. Fundamentally, the unit root test results confirm panel
ARDL is the appropriate estimation framework for this study.

Empirical results

To conduct the analysis, first is the employment of the MG, DFE, and PMG estimators
to estimate the long- and short-run exports and imports models, and then rely on the
Hausman test to decide which estimator results are suitable. Also, in performing the
empirical analysis, the investigation followed a step-wise process; that is, for the
export model, the estimation was done first as export model with exchange rate
volatility as a single exogenous covariate, and then export model with exchange
rate volatility and other exogenous covariates. Similarly, the import was carried out
as import model with exchange rate volatility as a single exogenous covariate and
import model with exchange rate volafility and all exogenous covariates. As
evidenced the PMG estimator is extensively supported as the efficient estimator for
both exports and imports estimations on the basis of the Hausman test results.
Hausman test results are shown in Table 3, while the results for PMG for the exports
and import models are presented in Table 4.

Table 3 Results from Hausman test for model - PMG, MG and DFE

| Exports model | Imports model

Ho: Difference in coefficients not systematic

PMG vs. MG PMG vs. DFE MG vs. DFE PMG vs. MG PMG vs. DFE MG vs. DFE
) 1.42 0.10 0.04 0.50 1.00 0.03
p-value 0.8412 0.9987 0.9998 0.9734 0.9102 0.9999
Conclusion ACCEPT Ho ACCEPT Ho ACCEPTHo | ACCEPT Ho ACCEPT Ho ACCEPT Ho
Appropriate model PMG PMG MG PMG PMG MG
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Table 4 Panel Regression Results for Exchange Rate Volatility and Trade Performance

MODEL/VARIABLE Exports Imports
(1) (2) (3) (4)
PMG PMG PMG PMG
Long-run Lngdp 0.9220*** 1.2140%**
estimates (0.1390) (0.0860)
Lniva 0.1190 -0.2860***
(0.1340) (0.0834)
Infl -0.0036 0.0061***
(0.0028) (0.0019)
Lnvol 0.4736*** | 0.1460*** 0.3563*** 0.0522%**
(0.0862) (0.0312) (0.0662) (0.0189)
Constant | 3.4513** | -0.6920*** 3.7449%** 0.0070
(0.5279) (0.1850) (0.6090) (0.0505)
Short-run Alngdp 0.4030*** 0.5070***
estimates (0.1480) (0.1400)
Allniva 0.3370** 0.1770**
(0.1520) (0.0200)
A.infl 0.0018 -0.0005
(0.0012) (0.0009)
A.lnvol -0.0122 -0.0032 -0.0196* -0.0005
(0.0143) (0.0045) (0.0102) (0.0059)
Vit-1 -0.1378*** | -0.2760*** -0.1478%* | -0.3140***
(0.0204) (0.0576) (0.0234) (0.0544)
Number of groups 15 15 15 15
Obs per group 40 40 40 40
Observations 600 600 600 600

Note: The log of exports and imports are the dependent variables. ***, ** and *represent
significant stafistical levels at 1%, 5% and 10% respectively. The values in parentheses are
standard errors. The Regressions employ the GARCH based exchange rate volatility proxy.
Ingdp is the natural logarithm of GDP, Iniva is the natural logarithm of industry value added,
infl is inflation, vol is exchange rate volatility, and v;,_, is the speed of adjustment term.

As displayed in Table 4, the estimated empirical results for both long-run and short-
run for the exports equation for the PMG estimator are presented in columns (1) and
(2), respectively. As stated previously, column (1) captures the model with exchange
rate volatility only, whereas column (2) captures the model with exchange rate
volatility and other exogenous variables. From column (1) it can be seen that there is
a negative and statistically insignificant relationship between exchange rate
volatility and exports of goods and services in the short-run. Specifically, it is obvious
that a percentage point increase in exchange rate volatility causes the exports of
goods and services to deteriorate by around 0.0122 percent in the short-run.
Concentrating on the PMG outcomes in column (2), it is seen that the volatilities in
exchange rate also affects exports negatively in the short-run, though it remains
statistically insignificant at all conventional levels. This indicates that as exchange
rate volatility rises by 1% this will result to a decrease of 0.0032% in exports. This further
portends that in the short-term period, exchange rate volafility deteriorates the
exports capability of these ECOWAS economies, but the volatility in exchange rate
appears not to be a key determinant of foreign trade performance given its weak
statistical significance. Our findings here are consistent with the theoretical
postulations of Ethier (1973); Clark (1973); Mckenzie (1999). Empirically, this is similar to
the findings in Senadza and Diaba (2017); Arize et al. (2017), and Khan et al. (2014).
For example, Khan et al. (2014) argued that volatility in the foreign exchange rate
market has a negative effect on thirteen least developed countries, five emerging
East Asian markets and the trading partners of Pakistan respectively. However, our

10
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results differ with the findings in Zaki et al. (2019), Vo et al. (2019) and Shuaibu and
Isah (2020) who found significantly positive impact of exchange rate volatility on
exports. Further, the control variables in terms of economic growth, industry value
addition and inflation percentage have positive impact on exports in the short-term,
which are in support of the a priori expectations. Specifically, in terms of the
magnitudes, a 1 percentage point increase in economic growth and industry value
added will result to about 0.403 and 0.337 percentage points rise in exports,
respectively, with GDP and industry value added being significant at 1% and 5%
conventional levels, while in the case of inflation, a 1 percentage point rise in
inflation rate will cause exports to increase by 0.0018 percentage, but statistically
insignificant. In addition, the speed of adjustment indicated by error correction term
(ECT) has the expected conventional properties; it is statistically significant at the one
percentage level, less than one and negative at -0.138 (-0.276) for model one (two).
This particularly indicates that approximately 13.8% (27.6%) of the yearly short-run
adjustments take place in the long-term steady-state for model one (two).

Next, the long-run results reveal that in model one column (1), exchange rate
volatility and exports of goods and services have positive relationship and the
relationship is statistically significant at the one percent conventional level. In specific
terms, it reveals that one percentage movement in the currency market will result to
improvement in the exports of goods and services of these West African economies
by around 0.474 percent in the long-term. Further, considering the results of the long-
run estimates in model two column (2) with exchange rate volatility and other
covariates, on the other hand, we also find that exchange rate volatilities have a
positive relationship with the exports of goods and services, and also contrary to the
short-run, it is highly significant stafistically. Specifically, as the volatility in foreign
exchange rate market intensifies by just one percentage point, the exports of goods
and services increases by approximately 0.146 percentage points in the long-term
period. This, therefore, suggested that in the case of ECOWAS economies, exports of
goods and services might eventually be positively influenced by the volatilities in the
currency market in the long-run. This supports the theoretical underpinning of Franke
(1991). A plausible reason could be that immediately there is an increase in volatility,
market participants who usually exhibit risk aversion would instantly restrain or delimit
on any high-risk exporting commitments in order to minimize likely losses from
commercial activities. Also, the long-term period allows investors and market
participants to adjust their inputs and the whole production plans with the aim of
maximizing benefits that go with the risky but beneficial in the international exports of
goods and services. The findings on the positive relationship between exchange rate
volatility and foreign trade exports of goods and services are in line with the
theoretical explanations and prior empirical studies such as Senadza and Diaba
(2017); Thuy and Thuy (2019); Nguyen and Do (2020). In terms of the other
explanatory variables, similar to the short-run results, we also find positive and
significant coefficient of the GDP in the long-run. Precisely, a percentage rise in
economic growth will cause exports of goods and services to rise by around 0.922
percentage points in the long-term. What this portends is that as a country continues
to accumulate its GDP, the more the amount of exporting activities with other
countries. The expectation of a positive coefficient for industry value added is
confirmed, but it is statistically insignificant at the conventional levels. Lastly, the
general price levels proxied by inflation rate however, did not retain its short-run sign
(i.,e. it now has a negative link with exports of goods and services) and is insignificant
at any of the conventional levels. Furthermore, the results for the imports model are
displayed in columns (3) and (4) in Table 5 for PMG estimator. These results are
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qualitatively similar to those of the exports model. Overall, given that the variations in
the foreign exchange market deteriorate foreign trade performance in the short-
term, but improve it in the long-term; our results validate the J curve effect in the
case of these ECOWAS economies.

Concluding remarks

There have been heated debates within the academia and policy circles on the
volatility of FOREX market and the characteristics of its connectedness with foreign
trade performance in the past decades. This study investigated the relationship
between currency exchange volatility and the level of foreign trade (considering
both exports and imports of goods and services) with data from 15 ECOWAS
countries. The study conftributes to the empirical literature on exchange rate markets
and international frade performance by extending the argument to the context of
West African states. Employing the panel ARDL model with a PMG estimator, the
results revealed that in the short-run, exchange rate volatility has insignificant
relationship with both exports and imports (trade performance), whereas it has very
high significant influence on both exports and imports of goods and services in the
long-term. The sign of the association between foreign trade and exchange rate
volatility is negative in the short-run but it turns positive and significant in the long-run
for both the exports and imports models. The results signify that while volatilities in the
currency markets of the ECOWAS economies appear to contemporaneously exert
deteriorating effects on trading activities, the effects become favourable as markets
adjust in the long-term. Also, the J curve effect was validated in this study. Moreover,
given the adoption of managed or semi-flexible exchange rate systems by majority
of developing economies in Africa as part of structural economic transformation, the
positive relationship between foreign exchange market volatility and international
trade in the long-term appears to be a good omen. The policy implication from the
study’s findings is that to improve frade performance (exports and imports) and
eventual economic growth of ECOWAS economies, it is suggested that a more
stable exchange rate be maintained via mediation in the FOREX market. This study is
not without some limitation: first, the study investigated only West African countries.
Therefore, future studies can extend the analysis by investigating other sub regions in
Africa such as Southern African, East Africa and North Africa, and other developing
countries. Second, due to unavailability of relevant and higher frequency data for
most of the sampled economies, this study employed low frequency data — annual
data to compute volatility in exchange rate markets. Hence, future studies should
employ higher frequency data as it becomes available.
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Abstract

The prediction of financial distress has emerged as a significant concern over a
prolonged period spanning more than half a century. This subject has garnered
considerable atftention owing to the precise outcomes derived from its predictive
models. The main objective of this study is to predict financial distress using two types
of Artificial Neural Networks (ANN) compared to the Logistic Regression (LR), and this
will be done by relying on the data of 12 Algerian companies for the period 2015-
2019. The reason for choosing these two types of networks in particular, is attributed
to the fact that Elman Neural Network (ENN) is commonly used network, in contrast
to the Feed-forward Distributed Time Delay Neural Network (FFDTDNN). Regarding
the choice of these companies as a study sample, can be attributed to the similarity
in the temporal range covered by their financial statements, coupled with their
approximate parity in terms of asset size. This study concluded that the ENN model
outperformed the LR model in predicting financial distress with a classification
accuracy of 100%. On the other hand, the LR model outperformed the FFDTDNN with
a classification accuracy of 83.33%. Therefore, it can be asserted that ANNs cannot
be regarded as superior to Logistic Regression (LR) in all statuses. Instead, it is
accurate to affirm that specific types of ANNs exhibit greater efficacy than LR in
predicting financial distress, while other types demonstrate relatively diminished
effectiveness.
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There are multiple definitions of financial distress, which include various financial
situations. Numerous studies have been conducted on this subject during the last 50
years. Carmichael described financial distress as a company's inability to satisfy its
obligations. He includes insufficient liquidity, insufficient capital, nonpayment of debt
(Paule-Vianez et al., 2019). Financial distress is a situation in which a company is
unable to meet or has difficulty paying off financial obligations to its creditors, which
may result in the enterprise's bankruptcy, so accurate financial distress prediction
models have a significant influence on various corporate stakeholders in the
decision-making process (Xie et al, 2011). When a company experiences a
temporary lack of liquidity and the difficulties that follow in meeting its financial
obligations on time and in full, it is said to be in "financial distress." Financial distress
can take one of two forms: either the company defaults on a debt payment or
makes an effort to restructure its debt in order to avoid the default situation (Shisia et
al.,, 2014). It could also be described as the final phase of organizational decline
before bankruptcy. As a result, financial hardship is distinct from bankruptcy
because it describes a time when a borrower is unable to fulfill a debt to creditors,
but bankruptcy is an official statement of a firm's financial situation in which it may
stop operating or restructure. Bankruptcy may result when financial tfrouble is not
addressed, but it is not a given (Puro, 2019). Last but not least, financial distress is
defined as having negative earnings per share for listed companies, occurring when
a company's interest cover is lower than 0.7, there is a decline in fixed assets or a
decrease in share capital, as well as when a company's net worth falls below half of
its share capital (Zhiyong, 2014). Although many people use the term bankruptcy to
refer to a failed business, a firm is not legally bankrupt until it has been declared
bankrupt by applicable law (Mayliza et al., 2020).

Financial distress prediction has now become an absolute necessity for all
companies in different fields of activity, as it helps to avoid many potential financial
risks that may lead to the end of the company’s activity, and unlike the developed
world countries, Algeria is still suffering from the financial distress effects in terrible
silence without moving a finger to deal with this phenomenon seriously enough. Untfil
now, the financial managers of these companies are still avoiding the idea of relying
on the modern financial analysis methods and dispensing with traditional methods
that have lost their effectiveness compared to the results achieved by relying on
various statistical and artificial intelligence techniques (International Monetary Fund,
2014).

The growing interest in financial distress prediction among companies operating in
developed countries stems from the positive outcomes yielded by various modern
forecasting models. These models have enabled companies to avert additional
costs and losses that could have severely disrupted their financial systems. It is
important to note that the consequences of such imbalances extend beyond
distressed companies, affecting other entities within the state's economy due to
shared interests. Consequently, the implications gradually impact the overall state
economy, leading to potential bankruptcies and an influx of debts as the state
intfervenes to assist distressed or bankrupt companies within its jurisdiction. Given the
increasing importance of forecasting financial distress, it has become a prominent
topic within the fields of finance and accounting. Consequently, this study holds
significance as it aims to urge companies, particularly those operating in non-
developed countries, to take financial distress prediction seriously rather than relying
on chance when managing their financial aspects.
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To keep pace with the evolving landscape, the techniques employed in
predicting financial distress continue to advance. Initially, traditional financial
analysis methods constituted the primary means of diagnosing financial distress.
However, contemporary methods now rely on a combination of statistical
techniques and artificial inteligence, which have proven to possess robust
classification and prediction abilities compared to the statistical techniques (Odom,
Sharda, 1990; Wilson, Sharda, 1994; Jo et al., 1997; Min, Lee, 2005; Salehi, Pour, 2016;
Zieba et al., 2016; Belas et al., 2017; Karas, Reznakova, 2017).

One could contend that Logit is the preeminent method widely employed for
forecasting corporate distress. Although Logit demonstrates a higher rate of success
compared to MDA, it has yet to reach the same levels of achievement as NN
(Callejon et al., 2013). These techniques have garnered significant attention from
financial researchers, who recognize their efficacy in various scientific domains and
their potential applicability in the financial realm.

The primary objective of this paper is to build new models utilizing different
combinations of carefully selected financial ratios. These models aim to facilitate a
comparative analysis between artificial inteligence and statistical methods,
specifically examining artificial neural networks against logistic regression. As we
mentioned earlier, all previous studies that compared ANNs and statistical
techniques concluded that the first technique is better than the second in
classification, and to the best of our knowledge, we did not find a comparative
study that proves that LR can be better than ANNs in predicting financial distress. By
doing so, this study seeks to determine whether all types of ANNs outperform logistic
regression in classification tasks in general and, specifically, in predicting financial
distresse

Literature review

A neural network is an intricate framework engineered to mimic the cognitive
processes of the human brain in executing a particular activity or function that holds
significance. Typically, this network is constructed using electronic components or
emulated through software on a digital computer (Hardinata, Warsito, 2018).
Artificial neural networks (ANNs) can be described as highly simplified models of the
intfricate interactions among brain cells. They are recognized as significantly
simplified models of the human nervous system, possessing notable capabilities such
as learning, generalization, and abstraction. Nevertheless, advancements in
technology have recently rendered ANN models a feasible alternative for
addressing various decision problems, presenting promising prospects for enhancing
models related to financial activities. One such area where ANN models hold
potential is in the realm of forecasting financial distress within corporations
(Sudarsanam, 2016). The ANN is a nonparametric modeling tool renowned for its
adaptability. It possesses the ability to accurately map intricate functions. Typically,
an ANN comprises multiple layers housing numerous computing elements referred to
as nodes. Each node acquires input signals from other nodes. After performing
localized signal processing through a transfer function, the node transmits the
transformed signal to other nodes or yields the final outcome (Zhang et al., 1999).
The functioning of an ANN is contingent upon the combination of weights and the
input-output for the units. These functions can be categorized into three distinct
types: sigmoid, threshold, and linear. The selection of a neuron's transfer function is
based on the desire to enhance or streamline the network's overall performance
(Ibiwoye et al., 2012). The ANN comprises inferconnected nonlinear nodes that
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engage in parallel communication. The connection weights are modifiable, thereby
enabling the ANN to acquire knowledge directly from exemplars, eliminating the
need for an analytical approach to problem-solving. The predominant modes of
learning within  ANN encompass unsupervised learning and supervised learning
(Chen, Du, 2009). While ANN ensembles possess advantageous qualities such as
efficiency, robustness, and adaptability, rendering it a valuable asset in classification,
decision support, financial analysis, and credit scoring tasks, certain researchers
have demonstrated that ensembles consisting of multiple neural network classifiers
do not consistently outperform a singular, optimal neural network classifier (Tang et
al., 2019).

Statistical methods, originally developed for analyzing limited data sets, are
inadequate for handling large volumes of data and infricate associations. The key
crucial factors of machine learning algorithms compared to conventional computer
algorithms lie in their capacity to enhance performance and exhibit dynamic
transformations through the incorporation of fresh data. Machine learning algorithms
are categorized into various divisions based on their specific purposes, such as
classification, clustering, pattern recognition, and correlation analysis. These
algorithms can be employed to predict financial distress or failure (Agdeniz, Yildiz,
2016). Several scholarly studies have successfully utilized NN methodologies to tackle
various challenges related to classification. In addition to bankruptcy, the
implementation of NN techniques has been applied to address a range of issues,
including capital structure, ineffective management, adverse economic impacts,
and volatility (Callejon et al., 2013). ANNs possess suitable capabilities that render
them highly effective in predicting bankruptcy. Their remarkable attributes, including
their adeptness in handling non-linear data and their ability to self-learn, contribute
to their widespread utilization in financial contexts. A comprehensive survey
addressing bankruptcy prediction is presented, focusing primarily on ANN models.
Furthermore, recent advancements have explored various intelligent techniques
such as rough sets, case-based reasoning, fuzzy set theory, support vector machines,
decision trees, and, which have received considerable attenfion and extensive
examination in this domain (Ribeiro et al., 2010). The Elman neural network belongs
to the category of feedback neural networks and builds upon the BP ANN by
intfegrating an extra hidden layer called the "undertake" layer. This specific layer
operates as a delay operator, empowering the network with memory capabilities. As
a result, the network system acquires the ability to effectively adjust to time-
dependent dynamic characteristics while ensuring resilient overall stability (Jia et al.,
2014). Time Delay Neural Networks (TDNNs) present a significant improvement
compared to traditional multi-layer perceptrons through the integration of time-
delayed connections. These networks are specifically designed for tackling
sequence recognition tasks that necessitate only a limited recollection of past
events.

The training of TDNNs commonly involves the extensive incorporation of delayed
connections over time, effectively converting the fraining procedure intfo that of a
feedforward network (Cancelliere, Gemello, 1996). Logistic Regression (LR) is a
member of the generalised linear models family, GLMs offer a consistent framework
for modelling response from any exponential family distribution, such as Gaussian,
Binomial, or Poisson. In GLM framework, the model is quantified from a binary target
variable, Y which represents the status of a loan over the outcome window where
bad (defaulted) loan is labelled as 0 and good loan is labelled as 1 and related fo
the linear combination of predictor g1 = X1+....+8m = Xm (Bayraci, Susuz, 2019). LR is
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widely employed within the financial sector for the development of credit risk
assessment models, making it a prominent statistical technique. The LR model offers
several notable benefits, including its reliable performance, ease of understanding,
and simple applicability. Additionally, LR outperforms linear regression due to ifs
ability to overcome specific challenges encountered in the latter approach.
Notably, linear regression may produce negative or probability values exceeding 1,
which contradicts the fundamental nature of probability (Uzair et al., 2019). In 1980,
Ohlson (1980) conducted a research study employing "Logit" or Multiple LR to
construct a model for forecasting bankruptcy. Ohlson asserted that his study offered
a notable advantage by enabling the identification of whether a company would
declare bankruptcy prior to or subsequent to the disclosure of financial statements.
Ohlson further noted that preceding studies did not explicitly tackle the aspect of
timing in their analyses. While contemporary intelligence techniques have gained
significant popularity in recent years, it is noteworthy to acknowledge the enduring
relevance of pioneer statistical methods, such as discriminant analysis, in the realm
of corporate bankruptcy prediction modeling. Linear classification algorithms,
including linear discriminant analysis and LR, are widely favored in this domain. All of
these approaches strive to identify the optimal linear amalgamation of explanatory
input variables (Ribeiro et al., 2010).

Since the 1930s, scholars have undertaken numerous trials aimed at assessing a
range of plausible methodologies in order to address the demand for accurate
predictions. The outcomes of these experiments have substantially enhanced our
comprehension of the field of forecasting (Osho, Idowu, 2018). The financial distress
prediction is of significant interest to the diverse set of stakeholders associated with
the company, encompassing regulators, creditors, investors, and lenders.
Particularly, stakeholders who hold company shares within their derivatives portfolio
require timely access to this information to assess the likelihood of financial distress
(Kapil, Agarwal, 2019). The primary objective of a Financial Distress Prediction Model
is to forecast the likelihood of future financial distress for a company. The
conventional statistical models were discriminant analysis and the logit model.
However, these fraditional linear techniques, though straightforward, lack
practicality, rendering them inadequate for developing a robust model capable of
generating real-time predictions (EI-Bannany et al., 2020).

There exist two categories of failure prediction models, namely statistical-based
models and algorithm-driven models employing Machine Learning (ML) techniques.
Initially, statistical methods were employed by early researchers in the field of
bankruptcy prediction. Despite the continued utilization of stafistical methods,
certain scholars have embraced the application of Machine Learning techniques,
including neural networks, to forecast corporate failures (Bonello et al., 2018). The
onset of the second phase, which commenced in the late 1980s, marked a pivotal
moment wherein numerous scholars embarked on investigations aimed at
ascertaining the efficacy of non-parametric methodologies in prognosticating
bankruptcy risk. Notably, this period witnessed the rise of non-linear techniques such
as, Support Vector Machines, Artificial Neural Networks, Nave Bayesian Classifier,
and k-Nearest Neighbor which consistently outperformed the prevailing methods of
the time (Mousavi et al., 2012). Both statistical methods and artificial intelligence
methods have distinct advantages and disadvantages. Multiple discriminant analysis
(MDA), a commonly used statistical technique, provides a clear advantage in terms
of interpretability. However, its application is limited by strict statistical assumptions,
and it functions as a fixed determination model. In contrast, arfificial intelligence
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methods like the back-propagation neural network do not rely on assumptions
about probability distributions, making it valuable for modeling non-linear systems. As
a result, many researchers choose to utilize three hidden layer backpropagation
neural networks for predicting financial crises (Cheng et al., 2018). The pioneering
research conducted by (Odom, Sharda, 1990) marked the inception of bankruptcy
prediction employing NNs. Their study involved the development of a neural network
model aimed at forecasting bankruptcy. Furthermore, the research presented a
comparative analysis of two approaches, namely discriminant analysis and the
neural network method, to assess their respective predictive capabilities. The
outcomes demonstrated the neural network's proficiency in generating precise
forecasts. A dataset comprising 165 pairs of firms was utilized by (Koh, Tan, 1999) to
construct a NN model incorporating six financial ratios. Remarkably, the NN model
accurately predicted all of the examined cases. These findings imply that neural
networks possess considerable potential for both research and practical
implementation, suggesting a promising avenue for future exploration. Zhou et al.
(2010) sought to investigate the comparative performance of Support Vector
Machine (SVM) and Logistic regression in accurately predicting instances of
individual loan defaults. The researchers found that SVM surpasses the Logistic
regression model in effectively fitting intricate feature patterns without the need for
incorporating high-power features, thereby demonstrating its superior ability to
accurately predict loan defaults. In a research undertaken by Obare and Muraya
(2018) an investigation was carried out to assess the effectiveness of support vector
machine and logistic regression models in forecasting individual loan defaults in
Kenya. The results demonstrated that the support vector machine model exhibited
superior performance in predictive accuracy compared to the logistic regression
model. Barboza et al. (2017) present an extensive examination of statistical methods,
namely Linear Discriminant Analysis, and machine learning approaches, specifically
Support Vector Machine. The study also encompasses a comparative analysis of
these techniques. Gregova et al. (2020) conducted a comparative examination of
models generated using three different approaches (LR, random forest, and neural
network models) with the aim of determining the model that displayed the highest
predictive accuracy in detecting financial distress. The results revealed that all
models demonstrated significant discrimination accuracy and performed similarly.
Nevertheless, neural network models exhibited superior outcomes across all
performance measures.

Lahmiri and Bekiros (2019) introduced the Generalized Regression Topology as a
rapid approach for identifying the optimal neural architecture. On the other hand,
within the realm of Machine Learning, logistic regression techniques were employed
for predictive purposes. These techniques relied upon an Artificial Neural Network
comprising a single layer, evolved through the incorporation of financial ratios, in
order to ascertain the most optimal configuration for the neural network (Mukeri et
al., 2020).

Methodology

This paper aims to compare artificial intelligence with statistics. To achieve this
objective, Neural Networks and Logistic Regression were compared in order to
identify the optimal model for predicting financial distress in Algerian companies. We
chose two types of neural networks, Elman NN, the commonly used network (Jia et
al., 2014), and the Feed-forward Distributed Time Delay NN, and to the best of our
knowledge, this network is uncommonly used.
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Artificial neural network was chosen as the test subject in this study because it is
commonly used for financial distress prediction among the other inteligent models,
and it is considered the leading technique. The same applies to logistic regression for
statistical models. Since ANNs were able to outperform LR in most cases according
to previous studies (We referred to this earlier with citations), we aspire to verify, are
all types of artificial neural networks really better than logistic regression in
classification in general, and in predicting financial distress in particular?

Sample

The analysis could be extended to a larger sample of companies from more
countries. We relied on a small sample because of the difficulty of obtaining the
financial statements of Algerian companies. However, we compensated for this by
extending the study period to five years (2015-2019), with the aim of increasing the
number of financial cases. Therefore, we used a data of (12) Algerian economic
companies, where the total of financial cases reached 60 cases. The financial data
is divided into a training sample which concerns data of the period between (2015-
2017). 36 financial cases were allocated to this sample, divided intfo 6 cases of
financial distress and 30 cases of non-financial distress. The test sample that concerns
data of the period between (2018-2019) for the purposes of evaluating the efficiency
level of the models. 24 financial cases were allocated to this sample, divided into 8
cases of financial distress and 16 cases of non-financial distress.

Among the disadvantages of using a small sample is the results cannot be
generalized, and relying on a large sample will reduce the accuracy of the best
model. However, the same will apply to the less accurate models. Therefore the
matter will be relatively from the researcher’s point of view. The larger the sample,
the lower the accuracy of the best model, and with it the accuracy of other models.
We used a set of data belonging to different economic sectors. Among these
companies, (4) are listed on the Algerian Stock Exchange, whereas, the other (7)
companies, their data were obtained by resorting to a competent official Algerian
authority after undertaking not to mention the names of these companies in order to
preserve their confidentiality and privacy. Finally, Sycma's company data was
obtained after submitting an official request to its financial department.

Distress dataset description

Table 2 shows the actual financial status of the companies under study for the period
between (2015-2019), where the description of the financial status differed between
distress (D) and non-distress (N-D), which allows the models to understand,
comprehend, and determine the status of distress or not based on the financial
ratios that were previously selected with high accuracy. The aim of the training
process is To make the models predict the company’s actual status with the least
possible degree of error, which we will confirm after testing the predictive ability of
the three models using the test sample.

It should also be noted that the actual financial status was assessed according to
the self evaluation based on the indications of the financial ratios, according to the
Table 1.

Most of the previous studies relied on the financial ratios in building the prediction
models using the variables from the capital, assets, management, earnings, liquidity,
sensibility. In this paper, we relied on 21 financial ratios, which proved their great
ability to predict financial distress, according to previous studies.
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Table 1 Actual financial status’s Indicators

Indicator Distress Non-Distress
Net income/Assets Negative Positive
Current Assets/Current Liabilities Less than 1 Greater than 1
Debts/Assets Greater than 1 Less than 1
Sales/Assets Low High
Cash/Assets Less than 0 Greater than 0
Current Assets/Assets Low High
Net income/Sales Less than 0 Greater than 0
Net income/Equity Less than 0 Greater than 0
Equity/Assets Less than 0 Greater than 0
Table 2 Description of the actual financial status
Company 2015 2016 2017 2018 2019
Company A N-D N-D N-D N-D N-D
Company B N-D N-D N-D N-D N-D
Company C N-D N-D N-D N-D N-D
Company D N-D N-D N-D N-D N-D
Company E N-D N-D N-D N-D N-D
Company F N-D N-D N-D N-D N-D
Company G D D D D D
Aurassi Company N-D N-D N-D D D
Biopharm Company N-D N-D N-D N-D N-D
Ruiba Company N-D N-D D D D
Sycma Company D N-D D D D
Saidal Company N-D N-D N-D N-D N-D

Table 3 Finanacial variables
Financial variables
Current Assets/Current Liabilities Net income/Fixed assets
Profits before taxes/Current liabilities Net income/Sales
Current Liabilities/Assets Current Liabilities/Current Assets
Net income/Assets Net working capital/Assets
Sales/Assets Debts/Assets

Fixed assets/Assets

Sales/Net working capital

Current Assets/Assets

Net income/Net working capital

Equity/Assets

Sales/Invested Capital

Non-current liabilities/Current assets

Net working capital/Sales

Net income/Equity Cash/Assets
Sales/Equity /

These financial ratios were derived from several traditional statistical models, and
we aimed to rely on the largest possible number of financial ratios, in order to raise
the level of the independent variable's impact on the dependent variable. We did
not test these financial rafios staftistically, because they are basically derived from
combinations of statistical models dedicated to predicting financial distress, and
these ratios were previously chosen using a statistical method among many other
ratios to be independent variables, because they have the highest impact on the
dependent variable (prediction of financial failure).
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Results

Training the logistic regression model

Using Matlab, the financial data of the period between (2015-2017) were included in
order to train the LR model to understand the study’s objective, which is to predict
financial distress two years before it occurs. The data related to the period between
(2018-2019) were allocated to test the ability of LR model in predicting financial
distress. The following results were reached, as shown in Table 4.

Table 4 Training results of the logistic regression model
Accuracy| Prediction speed| Training time
77.8 230 obs/sec 29.76 sec

The table 4 shows the LR training process provided by Matlab. What really matters
to us is the accuracy, as we note that the LR model achieved a classification
accuracy rate in the training phase of 77.8%, which can be said to be fairly
acceptable, and it is probably to be greatly improved in the testing phase. Because
the test sample size (40%) is smaller than the fraining sample (60%).

Testing the logistic regression model

To test the model's ability to predict financial distress, we will rely on the test sample.
It should be noted that these data were completely excluded from the training
phase and the model had never been dealt with before, which ensures the testing
results credibility. In the following, the results obtained in the testing phase can be
clarified, as shown in Table 5.

Table 5 Testing results of the logistic regression model

2018 2019

Y Output
1

Y Output
1

Company A
Company B
Company C
Company D
Company E
Company F
Company G
Aurassi Company
Biopharm Company
Ruiba Company
Sycma Company
Saidal Company

1
1
1
|
|
0
1
1
1
0
1

Table 5 compares the actual financial status with the expected values. We note
that the LR model was able to predict correctly in most cases, but it failed to
determine the actual value in some cases, and this will cause a decrease in ifs
accuracy. In order to further clarify the results shown in the table 5, we will rely on
Table 6 to evaluate the logistic regression model classification accuracy.

Through Table 6, the vision becomes clearer to us, where we can note that the LR
model achieved a classification accuracy of 83.33%, which is an acceptable. We
also note that the accuracy has improved compared to the training phase, and this
is considered a suitable. However, the model showed great weakness in identifying
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financial distress cases, as it failed to identify (3) cases, and it was able to identify (5).
On the other hand, it was able to identify cases of non-distress very well, by
determining (15) cases of non-distress, and it failed to determine one case.

Table 6 Classification accuracy of the logistic regression model

Predicted
Observed Y Percentage Correct
0 1
0 5 3 62.5
Actual Y 1 1 15 93.75
Accuracy 83.33

Designing the artificial neural networks models

Using Matlab, the neural network models were built by defining the basics of the
models structure in accordance with the understanding of the study’s objective and
reaching accurate results compared to the actual financial status. Knowing that the
process of determining the parameters of the training process was carried out
according to scientific foundations, and on the basis of repeated attempts in order
to reach the optimal results, as shown in Table 7.

Table 7 Variants of the design phase

Elements of the design stage Description
Input neurons 21 neurons
Hidden layer neurons 12 neurons
Output neurons 1 neuron
Learning rate 0.01
Push rate 0.7
Lowest permissible value of error 0.00001
Training function TrainGDX
Transfer function LOGSIG
Adoption learning function LearnGDM
Performance function Mean square error

It is noteworthy that the design variables remain consistent across both networks,
and despite extensive experimentation with numerous other variables, the optfimal
outcomes were achieved by employing the variables specified in Table 7. After
completing the design phase of neural network models, the financial data of the
period between (2015-2017) was included in order to train the models to understand
the study objective, which is to predict financial distress two years before it occurs.

Training the artificial neural networks models

In the following, the results achieved after training the models can be clarified, as
shown in Table 8. We note from the Table 8 that the FFDTDNN achieved moderate
results in the training phase. The accuracy rate was 83.33%, which is the same
percentage achieved by the LR model in the testing phase. We notice that the
network continued to face serious problems in determining the state of non-distress
despite the completion of the training process. Will this problem remain in the testing
phase? This is what we look forward to knowing in the next stage. The training
process of the Elman NN model was completed without an error in classification.
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Therefore, it can be said that the ENN was able to build the suitable weights that
correspond to the desired objective. Thus, the ability of this model to determine the

financial distress cases can now be tested.

Table 8 Training results of the neural networks

Feed-forward distributed time delay NN
2015 2016 2017
0 1 0 1 0 1
0 0 2 0 1 0 3
1 0 10 0 11 0 9
Accuracy 83.34 91.67 75
Overall 83.33
Elman NN
2015 2016 2017
0 1 0 1 0 1
0 2 0 1 0 3 0
1 0 10 0 11 0 9
Accuracy 100 100 100
Overall 100

Testing the artificial neural networks models

As a final phase, the ANN models can be tested based on the financial data of the
period between (2018-2019). In the following, the results obtained in the testing

phase can be clarified, as shown in Table 9.

Table 9 Testing results of the neural networks

Feed-forward distributed fime
Elman NN
delay NN
2018 2019 2018 2019

Y| Y Output Y Y Output Y Y Output Y Y Output
Company A| 1| 0.9997979 ] 0.9997853 1 0.9998131 1 0.9998518
Company B | 1| 0.9999887 ] 0.9999950 1 0.9999609 1 0.9999964
Company C| 1| 0.9999940 ] 0.9999893 1 0.9999853 1 0.9999763
Company D| 1| 0.9998988 1 0.9999393 1 0.9998425 1 0.9999035
Company E| 1| 0.9999976 1 0.9999984 1 0.9999972 1 0.9999945
Company F| 1 1.00E+00 1 0.9998962 1 0.9999432 1 0.9994441
Company G| 0| 0.500000 0 | 0.5000003 0 2.13E-07 0 3.576E-07
AUrassi 0| 0.5000022 0 | 0.5001582 0 3.144E-07 0 0.0044820
Biopharm 1] 0.9999956 ] 0.9999946 ] 0.999992 ] 0.9999907
Ruiba 0] 0.5011415 0 | 0.5000024 0 0.0413313 0 0.0376234
Sycma 0| 0.5008013 0 | 0.5000007 0 0.0396334 0 6.69E-06
Saidal 1] 0.9995117 1 0.9982154 1 0.9996925 1 0.9992919

It can be seen from Table 9 that the FFDTDNN model was able to achieve
generally acceptable results, but some of these results do not significantly
correspond to the actual financial status. The network also showed weakness
towards identifying cases of financial distress, exactly as the training phase.

The results of the ENN in the testing phase confirm the results of its fraining phase,
as it achieved a classification accuracy of 100%, and we conclude that the network
was able to predict values that are almost identical to the actual financial status in
all cases. Therefore, the network is suitable for predicting financial distress. In order to
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evaluate the ANN models classification accuracy more clearly, we will rely on Table
10.

Table 10 Classification accuracy of the neural networks

Feed-forward distributed time delay NN
Predicted
Observed Y Percentage Correct
0 1
0 0 8 0
Actual Y ] 0 14 100
Overall Percentage 66.68
Elman neural network
Predicted
Observed Y Percentage Correct
0 1
0 8 0 100
Actual Y ] 0 18 100
Overall Percentage 100

We conclude from Table 10 that the FFDTDNN model was unable to achieve a
suitable overall classification accuracy rate compared to the ENN and logistic
regression models, as its accuracy in predicting financial distress was only 66.68%,
and it was able to correctly identify (0) cases of financial distress. On the other hand,
it was able to accurately classify (16) cases of non-distress. We note that the ENN
achieved very suitable results, and outperformed all other models in terms of
classification accuracy, as its accuracy in predicting financial distress was 100%, and
it was able to correctly identify (8) cases of financial distress, and to accurately
classify (16) cases of non-distress.

Comparison

In order to identify the optimal model, we will rely mainly on the comparison element
between the overall classification accuracy rate. In addition, we will also rely on the
comparison between the prediction accuracy measures if the classification
accuracy was equal, as shown in the Table 11.

It appears to us from Table 11, which aims to compare the classification accuracy
of the three models, and their prediction accuracy measures (Mse, Rmse, Mae). We
can easily conclude that the ENN model has a high ability to distinguish between
distress and non-distress cases by noting its complete classification accuracy of
100%, compared to the other models. However, prediction accuracy measures point
to the same and confirm the strength of the model in predicting financial distress. A
classification accuracy of 100% is considered an excellent percentage, but it raises a
kind of question: Could this network achieve the same percentage if the test sample
was largere | think it is impossible, because although the network achieved a
classification accuracy of 100%, it also achieved error rates, and these rates are
probably to be higher if we rely on a larger test sample, and this certainly means that
the classification accuracy of the ENN will also decrease.

The coefficient of determination R? is employed in assessing the level of
correlation between the independent variables and the dependent variable, as well
as the correlation between the observed values and the predicted values. We note
that R2 is high for the ENN, and this is expected. We also note that the quality of
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FFDTD NN is stafistically better than the quality of LR, and as it seems, the value of R2
is associated with error rates, and is not associated with classification accuracy. The
lower the error rates, the higher the statistical quality of the model. Although the
classification accuracy of LR is better than FFDTD NN, but its R2 was lower.

Table 11 Classification accuracy comparison

Measure LR FFDTD NN E NN
Accuracy 83.33 66.68 100
Missclassification 16.67 33.32 0
R2 0.166 0.391 0.393
MSE 0.166666 0.083421 0.000196
RMSE 0.408248 0.288827 0.014017
MAE 0.166666 0.166879 0.005225
Precision 83.34 66.67 100
Recall 93.75 100 100
Specificity 62.5 0 100
F1-Score 0.8824 0.8 1
ROC-AUC 0.688 0.918 0.930

We note that both measures Precision and Recall confirm the same results, which
are the superiority of ENN, the weakness of FFDTDNN, and average results for the LR
model. For Specificity, the same again, and we note that both LR and FFDTDNN,
show extreme difficulty in identifying non-distress statuses. As for F1-Score value, the
higher the F1-Score, the better the predictive strength of the model. We note that its
value for ENN is perfect, and a lower level for the other two models, knowing that its
value for the LR was better than FFDTDNN. With regard to the value of ROC-AUC, its
value is 0.930 m for ENN, which is an excellent value, because the higher the ROC-
AUC, the better the predictive accuracy of the model. We also notice that the value
of ROC-AUC for FFDTDNN is much better than its value for the LR. Thus, the adoption
of this criterion leads to the validity of the classification, but with a high error rate and
a decrease in the value of ROC-AUC, and this is what happened with the LR. The
reason for this will be explained in the next paragraph.

Although the LR model could not achieve better classification accuracy than
ENN, it was able to achieve better results than FFDTDNN model errors, even though
its error measures are higher than the FFDTDNN. This is because of the criterion
adopted in calculating the validity of the classification, as achieving a value greater
than (0.5) for non-distress cases, it is considered a correct classification, and
achieving a value less than (0.5) is considered an incorrect classification. The opposit
for the distress cases, as achieving a value greater than (0.5), it is considered a
incorrect classification, and achieving a value less than (0.5) is considered an
correct classification. Thus, the adoption of this criterion leads to the validity of the
classification, but with a high error rate and a decrease in the value of ROC-AUC,
and this is what happened with the LR. For example, if LR model classified the no-
distress status correctly, but the value was 0.51, the error rate would be 0.49, which is
high. To be more clear, we present the ROC Curve of the three models.

In order to make the comparison process between the three models more
accurate, although the final result has been decided in the results of Table 11, we
decided to compare the accuracy of the three models in predicting financial
distress a year before the distress, then two years before its occourence, which can
be clarified in Table 12.
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Figure 1 ROC Curve of the models
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Table 12 Classification accuracy comparison of the N-1 & N-2

N-1
Accuracy MSE RMSE MAE
LR 83.34 0.167 0.408 0.167
FFDTD NN 66.67 0.0835 0.289 0.167
ENN 100 0.000273 0.0165 0.00681
N-2
Accuracy MSE RMSE MAE
LR 83.34 0.167 0.408 0.167
FFDTD NN 66.67 0.0835 0.289 0.167
ENN 100 0.00012 0.0109 0.00364

We note from Table 12 that the ENN model was able to outperform the FFDTDNN
model and the LR in predicting financial distress a year before its occurrence, and
the same for two years. We also note that the ENN model was able to achieve a
complete classification accuracy rate of 100% for predicting distress a year, two
years before its occurrence with a very low error values, but it is completely different
for the other two models, and the results were moderate regarding the LR, and low
regarding the FFDTDNN. Although the LR model was able to achieve better

classification accuracy than FFDTDNN, its error measures are higher than FFDTDNN,
whether it is for N-1 or N-2.

Conclusion

Finally, the theoretical aspects surrounding the prediction of financial distress were
addressed. Subsequently, the LR model's ability to accurately predict financial
distress in Algerian companies was compared to artificial neural inteligence models.
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The results obtained from this comparison yielded valuable insights. By evaluating
and comparing the models using important statistical and mathematical measures
presented in Table 11, the superiority of the ENN model was evident. Hence, the ENN
model is considered the optimal choice for predicting financial distress in Algerian
companies. Notably, it achieved favorable results one and two years prior to the
occurrence of distress. It is important to note that although the ENN model achieved
a classification accuracy of 100% and minimal error values, it is unlikely to achieve
the same percentage with a larger sample. This is due to the increased probability of
errors as the number of financial cases increases. Therefore, in the case of a larger
sample, lower classification accuracy and higher error values are expected for all
models, not just a specific one.

LR model yielded less accurate results. However, it was able to outperform the
FFDTDNN model, even though it is a statistical model, and its error values were higher
than the FFDTDNN errors values. This is because of the criterion adopted in
calculating the validity of the classification. As achieving a value greater than (0.5)
for non-distress cases, it is considered a correct classification, and achieving a value
less than (0.5) is considered an incorrect classification. The opposite for the distress
cases.

Previous studies have proven many times that artificial inteligence models,
especially artificial neural networks, are superior to statistical models. This is correct,
but not in all cases, and we concluded that LR can achieve better results than some
types of networks. These findings are relevant to individuals interested in forecasting,
and predicting financial distress in particular. The key takeaway is that selecting the
suitable technique is crucial in the forecasting process, regardless of whether it is a
statistical or intelligent approach. The chosen technique should align with the
objective of the prediction process.

Besides these valuable results, the study presents few limitations. For example. The
analysis could be extended to a larger sample of companies from more countries.
This is as a result of the difficulty of obtaining the financial statements of Algerian
companies. Therefore, future studies in this field could consider firms from more
countries and alternative methods such as the use of a hybrid inteligent multi-
models in predicting financial distress.
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Abstract

This study examines the role of digital business incubators, focusing specifically on the
Qatar Digital Incubation Center (DIC), in fostering digital entrepreneurship. The
methodology used is qualitative, employing content analysis to interpret textual and
visual data from sources such as online databases, documents, reports, and
academic research papers. International benchmark reports are used to assess
Qatar's global ranking in research, development, innovation, and digital
entrepreneurship. The findings highlight Qatar's commitment to digital transformation
and its efforts to create a supportive ecosystem for entrepreneurship. They
underscore Qatar's dedication to driving innovation through investments in
telecommunications, information technology, education, and inifiatives like the
Qatar National Research Fund. Qatar's digital competitiveness is evident through its
ICT infrastructure, extensive 5G implementation, and initiatives like the Smart Qatar
Program. The DIC plays a pivotal role in supporting digital entrepreneurs by providing
resources, mentorship, and a collaborative environment. By collaborating with
government agencies, academic institutions, and industry partners, the DIC
conftributes to the growth and success of digital startups, fostering innovation, and
positioning Qatar as a hub for digital entrepreneurship and fechnological
innovation. This study provides valuable insights intfo the development of Qatar's
digital entrepreneurship ecosystem and the significance of digital business
incubators, including the DIC.
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Infroduction

Digital business incubation plays a pivotal role in nurturing the development of new
digital businesses and startups by offering essential resources, guidance, and
mentorship (Bist, 2023). Its fundamental objective is to cultivate innovation and
enfrepreneurship, spurring the creation of novel products, services, and employment
opportunities (Al-Housani et al., 2023; Bist, 2023). Additionally, digital business
incubation harnesses the power of digital technologies to optimize resources and
drive transformative changes in the way business is conducted.

Digital entrepreneurship is a dynamic and rapidly evolving phenomenon that
generates economic and social value through the use of innovative digital
technologies (European Commission, 2015; Sahut et al., 2021). It encompasses the
creation of new ventures and the transformation of existing businesses, driving
innovation and economic growth (Fernandes et al., 2022). This rising trend relies on
the effective utilization of socio-technical digital enablers to acquire, process,
distribute, and consume digital information, leading to the emergence of innovative
ventures and opportunities (Sahut et al., 2021). Scholars such as Nambisan (2017)
and Sahut et al. (2021) have explored the impact of pervasive digitalization on
entrepreneurship and the need for new theories incorporating digital elements.

At its core, the term 'digital' in the context of the digital business model refers to
the utilization of digital technologies to enable enhanced resource optimization and
facilitate interactions between entities and systems (Li et al., 2012; Planing, 2017; Veit
et al., 2014). Advancements in digital fechnologies trigger fundamental changes in
the way business operations are carried out and revenues are generated,
highlighting the pivotal role of digital technologies in shaping the landscape of
digital business incubation and driving innovation, novel revenue streams, and
enfrepreneurial growth (Li et al., 2020).

Digital entrepreneurs thrive on agility, adaptability, and a deep understanding of
digital trends and consumer behaviour (Fernandes et al., 2023, 2022). They harness
technological advancements like artificial intelligence, blockchain, and the Internet
of Things to create groundbreaking products, develop digital platforms, and pioneer
new business models. By capitalizing on digital ecosystems and leveraging data-
driven insights, digital entrepreneurs transform industries, drive digital transformation,
and shape the future of business.

Qatar Foundation established the Qatar National Research Fund in 2006 in an
effort to pave the way towards a more knowledge-based economy. QNRF's funding
programmes ensures that Qatar’s brightest minds and their collaborators around the
world have the resources necessary to pursue world-class research (QNRF website,
n.d.).

Recently, the digital ecosystem in Qatar has been advancing rapidly. In addition
to direct government investments in the sector, enfrepreneurs and SMEs are reaping
the benefits from a range of incubation and acceleration programs established by
governmental organizations. These programs, offered through institutions such as the
Digital Incubation Center, Qatar Science and Technology Park, Qatar Business
Incubation Center, Qatar Fintech Hub and Qatar University, provide various offerings
supporting fledgling entrepreneurs in research and development, ideation and
business planning, prototyping and manufacturing, and funding and marketing
(Tasmu Digital Valley, 2022).

The Digital Incubation Center (DIC) under the Ministry of Communications and
Information Technologies targets entrepreneurs capable of harnessing emerging
technologies to contribute to Qatar's digital economy (DIC website, n.d.). The DIC
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plays a pivotal role in boosting ICT innovation, particularly among young people in
technology-related businesses at critical early stages.

This study aims to highlight Qatar's efforts in digital transformation and the
foundations of supporting entrepreneurship, particularly digital entrepreneurship. It
aims to evaluate these efforts internationally based on International benchmark
reports and determine their ranking. Additionally, it aims to shed light on digital
business incubators and their role in developing digital entrepreneurship through an
analysis of the results of the Digital Incubation Center (DIC) in Qatar.

Literature review

The literature review emphasizes the significant role of entrepreneurship in a country's
economic vision, particularly for diversifying the economy. Promoting
enfrepreneurship and creatfing a supportive environment for startups are widely
recognized as drivers of economic diversification and sustainable development (Al-
Housani et al., 2023; Al-Mulla et al., 2022). As highlighted by Al-Housani et al. (2023)
and Al-Mulla (2022), entrepreneurship plays a crucial role in converting resource-rich
nations into sustainable economies. In line with Qatar's National Vision 2030, which
acknowledges the limitations of relying solely on oil and gas resources, Qatar is
actively pursuing a diversified economy by implementing numerous initiatives aimed
at fostering innovation, research and development (R&D), and entrepreneurship
(Hassen, 2019).

A key aspect of these initiatives is the implementation of incubation programs that
support and nurture entrepreneurs, enabling them to fransform ideas into viable
businesses (Al-Mulla et al., 2022). Qatar has seen the emergence of several
enfrepreneurship support organizations, including the Qatar Business Incubation
Centre (QBIC), Digital Incubation Center (DIC), and Qatar Science and Technology
Park (QSTP), demonstrating the recognition of entrepreneurship's importance and
the commitment to supporting aspiring entrepreneurs (Al-Mulla et al., 2022; Hassen,
2019).

Business incubators, highlighted by Al-Mulla et al. (2022) and Hassen (2019), play a
crucial role in fostering innovation, which is key for economic diversification and
reducing reliance on oil revenues. These incubators provide financial and non-
financial services, such as funding, guidance, mentorship, and support, contributing
to the development of a vibrant entrepreneurial ecosystem and driving economic
growth in Qatar.

Digital enfrepreneurship, a dynamic and evolving concept, involves creating new
ventures and transforming existing businesses using innovative digital technologies to
generate economic and social value. It drives innovation, economic growth, and
job creation by leveraging these technologies (European Commission, 2015; Sahut et
al., 2021). Business incubators have emerged as key players in fostering digital
enfrepreneurship, providing resources, support, and networking opportunities to
aspiring entrepreneurs (Al Sharif et al., 2022; Bist, 2023). These incubators facilitate the
growth of innovative ventures and help entrepreneurs navigate digital challenges
effectively (Al Sharif et al.,, 2022; Bist, 2023), fostering collaboration, knowledge-
sharing, and a vibrant digital entrepreneurship culture.

Hassen's (2019) chapter on entrepreneurship, ICT, and innovation highlights the
Digital Innovation Center (DIC) as a significant entrepreneurship organization in
Qatar. Specifically, DIC focuses on boosting ICT innovation among young
entrepreneurs during the critical early stages of establishing or growing technology-
related businesses. This chapter fills a research gap by discussing the role of
incubators in Qatar.
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This literature review aims to explore existing research on digital entrepreneurship
and digital incubation, with a specific focus on the role of DIC in promoting digital
enfrepreneurship. While there is limited literature specifically addressing the Qatari
Digital Incubation Center (DIC), this review seeks to examine relevant studies on
business incubators and their role in fostering digital entrepreneurship.

Methodology

Considering the methodology aspects, this study employs a qualitative research
approach that involves content analysis. Content analysis is used to examine and
interpret both textual and visual data collected from diverse sources, including
online databases, documents, reports, and academic research papers. This
technique is used to explore the role of digital business incubators in fostering digital
entrepreneurship, with a specific focus on Qatar Digital Incubation Center (DIC).

International benchmark reports have been utilized to assess Qatar's global
ranking and compare it with other Arab countries in terms of research, development,
innovation, and digital entrepreneurship. These reports provide insights into the
effectiveness of Qatar's innovation and digitalization strategy, including the
digitization of enfrepreneurial activities, as the foundation for digital
enfrepreneurship. Additionally, statistics derived from the Digital Incubation Center
(DIC) platform, supporting digital entrepreneurs from ideation to commercial project
implementation, have also been considered.

It should be highlighted that throughout the research process, ethical
considerations are upheld. This includes ensuring proper citation and referencing of
all sources to maintain academic integrity.

By following this methodology, the study aims to contribute valuable insights to the
field of digital entrepreneurship and shed light on the role of digital business
incubators, specifically the DIC, in fostering entrepreneurial growth and innovation
within the Qatari context.

Digital business incubators

These are business incubators that focus on supporting and developing digital
startups and innovative companies (Brahmi, 2021, p. 699). And the virtual incubator is
defined as 'a non-material workspace provided online that offers a service of
connecting entrepreneurs with investors and advisors' (Mdrke and Swensson, 2020, p.
21). According to Zedtwitz categorization and definition of incubators, a virtual
incubator is an online non-physical workspace but instead an incubator that offers
the service of linking together the entrepreneur with investors and advisors (Morke,
Swensson, n.d.). Lewis et al. define the virtual incubator as an incubator that does
not provide physical space for entrepreneurs and startups (Morke, Swensson, 2020, p.
21). A virtual business incubator is a type of business incubator that provides
enfrepreneurs with access to business resources and services remotely, typically
through an online platform (FasterCapita, 2023). Therefore, the precise concept of
virtual business incubators focuses on leveraging information and communication
technology to provide the incubation process and its accompanying services within
a purely digital environment, whether through websites or through specialized digital
platforms.

Digital entrepreneurship and digital entrepreneur
Due to the recent digital transformations in the world of finance and business, and
the ongoing digital revolution, a new type of entfrepreneurship has emerged that
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infegrates digital technologies and entrepreneurship, referred to as "digital
enfrepreneurship”. It is considered a subcategory of fraditional entrepreneurship, with
a focus on leveraging new digital technologies (Shehadeh, 2022, p. 44).

The European Commission has defined digital entrepreneurship as "Digital
enfrepreneurship involves the creation, or recognition, of digital business
opportunities, and the development of innovative digital business models that
create value for customers and stakeholders. It encompasses the application of
digital technologies to create new products, services, processes, and business
models, and the use of digital platforms and ecosystems to reach and engage
customers, suppliers, and partners" (European Commission, 2015).

Digital entrepreneurship is the use of digital technologies, along with creative and
innovative thinking, to create new business models, products, services, processes,
and experiences that are aimed at solving real-world problems, and creating value
for customers and society at large" (Bosma et al., 2021).

As for the digital entrepreneur, he is the entrepreneur who manages his business
through platforms or electronic networks, and possesses technical skills and abilities
that help him execute various business operations online (Al-Barashdia, 2021, p. 4).

Elements of digital entrepreneurship

The European Commission has identified five fundamental pillars or components

upon which digital entrepreneurship is based, which can be summarized as follows

(European commission, 2021):

- Digital database and ICT market: It is a database used to store complex data
used by computer systems. ICT is one of the most important technologies
responsible for organizing digital businesses and projects. It is through this
technology that information is electronically transferred between industries and
companies. Electronic innovations, as well as e-commerce, can be supported,
and new businesses can be established, strengthened, and developed;

- Availability of risk capital: It is one of the key elements in the success of digital
enfrepreneurship. Providing risk capital can encourage entrepreneurs to launch
new businesses and projects, as well as to develop innovative ideas that can
transform markets;

- Effective business incubators: They provide new businesses with the support and
services they need to grow and thrive. Incubators help entrepreneurs in
developing their business ideas, finding funding sources, and accessing important
industry networks;

- Skilled workforce: It is essential for the success of digital entrepreneurship to have
a workforce with a high level of skill and expertise in digital technologies, business
management, and innovation;

- Favorable regulatory environment: The regulatory environment plays a crucial role
in creating a favorable environment for digital entrepreneurship. It must be flexible
and adaptable to changes in the digital world, as well as encourage innovation
and provide businesses with the freedom to operate and compete in the market.

The stages of digital entrepreneurship

Digital entrepreneurship typically involves several stages or steps. Here are the

commonly recognized stages in the process of digital entrepreneurship:

- ldea Generation: Idea Generation: This initial stage involves identifying and
generating innovative ideas for digital products, services, processes, or business
models. Entrepreneurs explore market trends, consumer needs, and emerging
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technologies to come up with unique business concepts (Brown et al., 2018;
Felicetti et al., 2023).

- Market Research: Conducting thorough market research is crucial to validate the
feasibility and viability of the digital business idea. Entrepreneurs analyze target
markets, assess competition, identify customer segments, and gather insights to
refine their concept. Increasing reach through digital means is a core point here,
allowing sustainable entrepreneurs to improve geographical access, overcome
preconditions of spatial proximity (Holzmmann, Gregori, 2023; Yoruk, Jones, 2020).

- Business Planning: Developing a comprehensive business plan is essential for
digital entrepreneurs. This stage involves four key priorities of digital business
planning: developing a demand-driven business plan, sensing, predicting, and
responding to change, planning holistically across the network, and increasing
strategic agility. It highlights the need for companies to adapt to the digital
economy, run on data, and consider the entire value chain, including customers,
in their planning processes (Howells, 2018; Schwertner, 2017).

- Product Development: Digital entrepreneurs focus on developing innovative
business models, products, and services. For instance, companies can enhance
production processes or develop innovative after-sales service offerings based on
the data generated by their consumers related to the current product (Abdian et
al., 2023).

- Launch and Marketing: Once the digital product or service is ready,
enfrepreneurs proceed to launch it in the market. This involves creating a
marketing strategy to generate awareness, attract customers, and drive user
adoption. Digital marketing techniques such as social media marketing, search
engine optimization (SEO), content marketing, and online advertising are
commonly employed (Husain et al., 2020; Pantelimon et al., 2020).

- Growth and Scaling: digital entrepreneurs strive to achieve sustainable growth.
During the scaling phase, it becomes essential for digital startups and businesses
to innovate their business model to stay competitive. This can be throgh growth
hacking, which emerged as a strategy to support digital entrepreneurs in business-
model innovation during scaling (Cavallo et al., 2023).

Digital entrepreneurship as part of Qatar's digitization plan
Qatar has made significant efforts in developing the telecommunications and
information technology sector, which has been achieved through establishing the
institutional roles by investing in the clear legal framework for telecommunications
and postal services. These investments have translated into rapid expansion of
communication networks and improvements in the availability and quality of
telecommunications services. Qatar ranks first among the highest countries globally
in terms of deploying fixed fiber networks and holds a leading position in
implementing mobile networks and 5G technology (Kaloul, Talha, 2020, p. 42).

In general, we can say that the pillars of the digital economy in Qatar rely on
developing technological infrastructure and enhancing technology and innovation
in various economic sectors. Qatar has a strategic vision aimed at achieving digital
transformation in the country and promoting the use of digital technology in
government, companies, and society in general. Here are some pillars of the digital
economy in Qatar.

38



Croatian Review of Economic, Business and Social Statistics (CREBSS)

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) Vol. 9, No. 1, 2023, pp. 33-50

Education, research, development and innovation

Qatar's education system consists of five levels: Pre-primary, Primary, Secondary,
Higher Education, and Technical and Vocational Education and Training. The
Ministry of Education and Higher Education (MOEHE) is the main governing body for
the sector. Qatar Foundation provides primary funding for education and ensures
high-quality standards through local and global accreditors. Additionally, with the
growing importance of technology in student life, e-learning platforms, ed-tech
hubs, and accelerators are playing a significant role in enabling digital education
(Qatar development bank, n.d., p. 10).

The Qatar National Research Fund (QNRF) is the leading institution in Qatar
dedicated to funding research in the national interest. It addresses priority economic
and social needs and pursues opportunities to atftract internationally recognized
researchers to study topics of regional and global importance (Greenfield et al.,
2008, p. xi).

Table 1 summarizes the total gross domestic expenditure on research and
development (R&D) for the years 2012, 2015, 2018, and 2021. The expenditure on
research shows a general upward trend over the years, increasing from 3.25 billion
QR in 2012 to 4.45 billion QR in 2021. The most significant increase occurred between
2018 and 2021, indicating a growing commitment to R&D investment. This upward
trend reflects a recognition of the importance of research in driving innovation and
technological advancement.

Table 1 Total Gross Domestic Expenditure on R&D

year 2012 2015 2018 2021

expenditure on research and

development (Value (QR)) 3,254,836,183.0

3,054,536,835.4 | 3,545,524,256.6 | 4,452,494,481.9

Source: Planning and Statistics Authority, 2022, p. 56.

The results of the 2021 R&D survey, as appear in table 2, show consistency with
Qatar's good position in the most accurate Global Innovation Index (Gll), placing
Qatar in an advanced position in the Arab world, coming ahead of Saudi Arabia
and the UAE. This is reflected in the increase in patent applications in recent years, in
addition to Qatar's advantage over neighboring countries in terms of scientific
production outputs compared to the number of Population.

Table 2 Comparative indicators for science, technology and innovation, 2021 (or

nearest)
oil Ratio of Number of full- Global. U.S. Patent an.d Publications
Country & GERD to time rese.ar.chers Information Trademark Offlc.e (per million
Gas GDP (per million Infrastructure (USPTO) (per million inhabitants)
inhabitants) (al) inhabitants)
Chinese Taipei No 3.40 13,800 N/A 550.6 1,675.5
Kuwait Yes 0.19 514 72 6.7 615.3
Luxembourg No 0.44 5,076.9 23 145 3,646.7
Norway Yes 2.15 6,674 20 141.3 4,635.7
Oman Yes 0.37 281 76 0.4 523.9
Qatar Yes 0.68 1,470 68 8.6 1,619.3
Saudi Arabia Yes 0.52 N/A 66 28.2 1,292.7
Tunisia No 0.75 1,660 71 N/A 4,594
Bahrain Yes N/A N/A 78 N/A 2,733
U.AE Yes 1.45 2,379 33 13.1 120.1
Jordan No 0.7 596 81 N/A 4,792

Source: Planning and Statistics Authority, 2022, p. 14.
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Qatar is actively developing its incubation and acceleration ecosystem to
support startups and innovation. The country's public and private sectors have shown
support through various incubators, accelerators, and research institutes. The Qatar
Science and Technology Park (QSTP) plays a significant role in providing services and
support to startups, with a focus on ICT and digital solutions (Communications
Regulatory Authority in Qatar, 2022, p. 51). Figure 1 shows the key innovation players

in Qatar.
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Figure 1 Qatar’s Key Innovation Players
Source: Communications Regulatory Authority in Qatar, 2022, p. 52.
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As shown in table 3, Qatar ranks 52nd overall in the Global Innovation Index (Gll)
2022. Among the Arab countries listed, Qatar holds a relatively strong position in
terms of innovation. It surpasses Saudi Arabia in all pillars except for Human capital
and research, and outperforms Kuwait, Morocco, Bahrain, Tunisia, and Egypt in most
pillars. However, it falls behind the United Arab Emirates in several categories.
Overall, Qatar demonstrates a noteworthy presence in the Arab region's innovation
landscape, as highlighted by its rankings in the GIl 2022.

Table 3 The overall ranking of the Global Innovation Index (Gll) for the year 2022,
according to innovation pillars

Human Knowledge
Country/economy el Institutions ezt Infrastructure Wy Rusices CIE
Gll and sophistication | sophistication | technology
research outputs
United Arab 31 6 17 7 23 26 59
Emirates
Saudi Arabia 51 50 30 53 22 53 65
Qatar 52 25 56 29 47 73 69
Kuwait 62 86 55 36 73 101 68
Morocco 67 85 83 89 74 94 64
Bahrain 72 27 78 32 75 93 73
Tunisia 73 92 45 85 98 116 53
Jordan 78 45 76 100 52 75 76
Oman 79 57 40 56 71 97 94
Egypt 89 111 97 93 86 103 79
Algeria 115 99 82 102 125 120 118
Yemen 128 132 124 120 87 127 124

Source: Dutta et al., 2022.
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Information and communication technology Infrastructure
Qatar has achieved significant progress in developing its ICT sector and establishing
a robust digital economy. With investments in a strong ICT infrastructure, including
fiber and mobile networks with extensive 5G implementation, Qatar meets the
growing demand for connectivity and adopts emerging technologies like loT and
cloud services. Localizing data center capacity, led by companies such as Meeza,
Microsoft, and Ooredoo, helps enhance efficiency and reliability, transforming Qatar
info a global digital hub (Tasmu Digital Valley, 2022). The digitization of business
registrations through the Single Window platform and streamlined licensing platforms
by entities like Qatar Financial Centre and Qatar Free Zones have improved the
business environment. These endeavors support Qatar's ambition of nurturing an
advanced knowledge economy and positioning itself as a key player in the digital
sector (Writer, Peninsula, n.d.).

As shown in table 4, Qatar has consistently demonstrated a strong position in
digital competitiveness rankings among selected Arab countries. With rankings
ranging from 28th to 31st between 2017 and 2021, Qatar's focus on digital innovation
and advancements has contfributed to its competitive edge in the digital
landscape. This tfrend is expected to continue with a projected improvement to the
26th rank in 2022, showcasing Qatar's commitment to establishing itself as a leading
digital player in the region.

Table 4 Digital Competitiveness ranking of Qatar compared to some Arab countries

Country 2017 2018 2019 2020 2021 2022
Bahrain - - - - - 32
Jordan 56 45 50 53 49 53
Qatar 28 28 31 30 29 26
Saudi Arabia 36 42 39 34 36 35
UAE 18 17 12 14 10 13

Furthermore, within the E-government framework, Hukoomi is an online portal in
Qatar that provides a wide range of advantageous government services to residents
and citizens of the country. The word "Hukoomi" means "my government" in Arabic.
Until now, The State of Qatar provide nearly 2,300 services of which 1,500 are
complete digital ones, covering the different vital sectors to ease procedures for all
audience categories and their access to services (Hukoomi, n.d.).

Smart cities and Internet of things

Qatar has embraced the concept of smart cities, incorporating technology and
connectivity to improve the quality of life for residents. Initiatives like The Smart Qatar
Program (Tasmu Digital Valley, 2022).

The Smart Qatar Program (TASMU) launched by MCIT aims to transform Qatar into
a leading smart nation, driving sustainable economic growth. With an investment of
USD 1.65 billion over five years, TASMU focuses on five priority sectors, as shown in
figure 2, and 107 digital use cases to improve the standard of living and enhance
Qatar's international competitiveness (Tasmu Digital Valley, 2022).

In line with this vision, the Ministry of Transportation and Communications (MOTC)
and Qatar Free Zones Authority (QFZA) established Tasmu Digital Valley as an
innovation cluster. TASMU Digital Valley serves as a hub where enfrepreneurs,
startups, investors, academics, researchers, students, multinational corporations, and
institutions collaborate to create innovative digital solutions (Tasmu Digital Valley,
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2022). It has successfully enrolled 89 companies as TDV members, including both
local and international startups, SMEs, and MNCs. Furthermore, TDV has supported 36
foreign and local tech companies through partnerships, facilitated specific services
tailored to their needs, and conducted webinars that reached over 750 attendees
across 7 countries. TDV has also activated key partnerships with local entities such as
QFZA, QFC, DIC, and iLab to deliver its services effectively. To support the tech
market, TDV has developed the Digital Investment Catalogue, which proes a
sustainable tech supply chain and attracts foreign tech companies to contribute to
the growth of Qatar's tech industry (Tasmu Digital Valley, 2022).

e

Figure 2 The five priority sectors for digitization in Qatar
Source: Ministry of Communications and Information Technology, 2022, p. 9.

loT refers to the networked interconnection of everyday objects, which are often
equipped with ubiquitous intelligence (Xia et al., 2012, p. 1). Thanks to rapid
advances in underlying technologies, 10T is opening tfremendous opportunities for a
large number of novel applications that promise to improve the quality of our lives
(Xia et al., 2012, p. 1).

As shown in Figure 3, the IoT market size in Qatar was estimated at US $614.6
million in 2022, and is expected to grow by 31% annually to reach US $1,822.6 million
in 2026, with the Qatar’'s smart city initiatives such as Tasmu Smart Qatar program
being a major driver of this growth.

Figure 3 loT Qatar Market Size (USD Mn)
Source: Tasmu Digital Valley Qatar, n.d.

Entrepreneurship and digital entrepreneurship

Entrepreneurship is a key driver of development and innovation in the fastest
growing and evolving technology sectors globally. since 1995, Qatar has made
maijor efforts to create a vibrant entrepreneurship ecosystem with the creation of
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significant institutions and organizations to help enfrepreneurs: incubators and
funding structures, and so on, which were confirmed by the rankings published by
different international organizations (Ben, 2020, p. 190).

Table 5 showcases the institutions and organizations that support entrepreneurship
in Qatar. It includes incubators/accelerators like QU business incubator and Digital
Incubation Center, associations such as Entrepreneur's Organization Qatar and
Qatari Businesswomen Association, and consulting firms like Deloitte and PwC. These
entities play a vital role in nurturing startups and providing resources, mentorship, and
expertise to foster a thriving entrepreneurial ecosystem in Qatar. Their collective
efforts contribute to the growth and success of businesses across various sectors in
the country.

Figure 5 The institutions and organizations supporting entrepreneurship in Qatar

Incubators/Accelerators Associations Consulting Firms
¢ QU business incubator e QBIC e Deloitte
¢ Digital Incubation Center e Qatar Sports o PWC
e Qatar FinTech Hub Tech e EY
e Center of Enfrepreneurship e QSTP o KPMG
e Enferprise Qatar e Bedaya Center | ¢ Other SME's (by areas
e FlatéLabs for of specialization e.g.
e Entrepreneur's Organization Qatar Entrepreneurshi business law, foreign
e Global Enfrepreneurship Week Network p and Career frade, real estate, etc.)
e Qatari Businessmen Association Development
e Qatari Businesswomen Association e Oasis500

Qatar Chamber of Commerce & Industry | e Risin Ventures

Source: Villegas-Mateos, 2022, p. 51.

Table 6 summarizes Qatar's rankings in various benchmark reports. Qatar ranks
17th out of 64 countries in the Competitiveness Index, 29th out of 41 countries in the
Global Competitiveness Report, 77th out of 90 countries in the Ease of Doing Business
report, 68th out of 132 countries in the Global Innovation Index, 13th out of 43
countries in Total Early-Stage Entrepreneurial Activity, 8th out of 44 countries in the
National Enfrepreneurship Condition Index, and 22nd out of 31 countries in the
Global Entrepreneurship Index.

Table 6 Qatar's ranking in entrepreneurship according to international benchmark

reports
BENCHMARK REPPORTS RANK BETWEEN SOURCE
COUNTRIES
Competitiveness Index 17 OUT 64 International institute for management
development (2019)
Global competitiveness repport 29 out 41 World economic
Ease of doing business 77 out 90 World bank(2019)
Global innovation index 68 out of 132 World intellectual property organization
(2021)
Total early-stage entrepreneurial 13 out43 Global entrepreneurship monitor (2020)
activity
National entrepreneurship 8 out 44 Global entrepreneurship monitor (2020)
condition index
global enfrepreneurship index 22 out 31 Global enfrepreneurship development
institute (2020)

Source: Villegas-Mateos, 2022, p. 145.
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For digital entrepreneurship, supporting digital enfrepreneurs in their journey from
ideation through incubation, startup, funding, launching and eventual evolution into
a SME is a strategic priority of the State of Qatar. To this end, several programs are
available to help foster an environment of support to enable startups to achieve
their aims (see Figure 4).

Accelerate Your Company Manufacture Your Product Find a Partner Incubation Center

Start Your Company MENA Dojo Startup in Residence Program Product Development Fund

Tech Venture Fund Startup Track Innovation Mindset Ideacamp

Startup Launchpad Ithmar (Seed Funding) QSTP XLR8 Coworking Space

Figure 4 Digital Entrepreneurs Programs in Qatar
Source: Tasmu Digital Valley, 2022.

Table 7 highlights Qatar's ranking among Arab countries in the Global Index of
Digital Entrepreneurship Systems (GIDES). Qatar outperforms several countries in
digital entrepreneurship, such as Bahrain, Saudi Arabia, Kuwait, Oman, Egypft,
Morocco, Tunisia, and Algeria. However, it falls behind the United Arab Emirates,
which holds higher scores and ranks. While Qatar has made progress in its digital
entrepreneurship ecosystem, there is room for further development and
improvement to catch up with or surpass the United Arab Emirates, the leading Arab
country in this field.

Table 7 Global Index of Digital Entrepreneurship Systems 2021 scores

Economy Stand-up system | Start-up system | Scale-up system GIDES
Score Rank Score | Rank Score Rank | Score | Rank

Singapore 79.8 2 83.6 1 80.4 1 81.3 1
United Arab Emirates 549 20 52.3 23 55.7 21 543 21
Bahrain 442 26 39.1 34 41,1 29 41.5 29
Saudi Arabia 4] 30 39.7 32 41.3 28 40.7 30
Qatar 37.9 36 34.1 41 37.6 34 36.5 36
Kuwait 34.3 4] 30.4 44 34.1 4] 33.0 43
Oman 28.0 50 27.4 53 28.5 47 28.0 51
Egypt 19.4 76 18.0 78 22.1 68 19.8 73
Morocco 19.7 73 19.0 75 20.3 73 19.7 74
Tunisia 19.2 77 19.6 72 19.5 77 19.4 77
Algeria 14.2 93 14.8 89 15.1 92 14.7 92

Source: Ralph, 2022, pp. 13-14.

The Digital Incubation Center (DIC) in Qatar

The DIC represents a major effort by the government to promote and develop the
digital economy in Qatar. The initiative has the potential to attract international
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investors and enfrepreneurs to the country, thereby boosting the country's economy
and establishing Qatar as a hub for digital innovation in the Middle East.

Definition of the Digital Incubation Center (DIC)

The the Digital Incubation Center (DIC) was established by the Ministry of Transport
and Communications in 2011 with the aim of creating a supportive environment for
digital startups in Qatar through its diverse programs, guidance sessions by digital
industry experts, and connecting startups to a wide network of investors (Al-Raya,
2022).

The importance and objectives of the Digital Incubation

Center

The Digital Incubation Center (DIC), aoffiliated with the Ministry of Communications
and Information Technology, works to promote innovation and creativity in the State
of Qatar, especially among young people in the critical early stages of starting or
developing a technology-related business. The incubator focuses on entrepreneurs
who are able to harness emerging technologies to create innovative products,
solutions, and services that can contribute to supporting Qatar's digital economy.
Examples of these technologies include smart city solutions and applications, cloud
computing, the Internet of Things, unmanned aerial vehicles or robots, machine-to-
machine (M2M) technologies, big data and analytics, predictive analytics, cyber
security, wearable products and mobility solutions, e-commerce, and
telecommunications services - in the key sectors of the Qatari economy.

The mechanisms for supporting startup companies in the
Digital Incubation Center (DIC)

The Digital Incubation Center (DIC) provides support and assistance to incubated

startups through the following (DIC website, n.d.).

- Training: conducted either through the Business Academy or remotely, with
training courses and programs, or by linking startup companies with trainees from
various universities in Qatar;

- Business, technology, and product development guidance by industry experts
and successful entrepreneurs;

- Networking support: participation in local, regional, and international innovation
and entrepreneurship events;

- Industry expert network: access to potential clients who can support the
marketing of startup companies' products and services;

- Investor network: linking with investment forums, angel investors, venture
capitalists, and hosting events that facilitate connections between investors and
startup companies;

- Co-working space: a free office space with facilities that include hosting cloud,
5G Wi-Fi network, and software licenses.

The Digital Incubation Center (DIC) programs

The Qatari digital business incubator has four main programs (DIC website, n.d.):

- Creative Ideas Camp: The Creative Ideas Camp is a program from the Qatari
digital business incubator for entrepreneurs, developers, and designers who have
an innovative idea for a digital solution;
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- Startup Track: The first year of the Startup Track focuses on the basic stages,
starting from the initial model to registering the business in Qatar;

- Business Development Track: The second year of the Startup Track focuses on
business development. Established businesses can join the Business Development
Track.

- Co-working space: The co-working space changes the way of working. It brings
together entrepreneurs, large and small companies in a collaborative working
environment to create synergies. The co-working space includes seats, free
intfernet, and other facilities.

The following figure summarizes the stages of a starfup company's application to
and incubation process in the Digital Incubation Center.

17th August 27 October
10" September 25'™ October
Opening online Closing Ceremony Start 15" year

applications Screening Start of IdeaCamp Final Pitch Announcement Incubation

Figure 5 Path of the incubation process at the Digital Incubation Center
Source: DIC website, n.d.

The performance of the Qatari Digital Incubation Center
The Digital Incubation Center (DIC) has incubated 160 startups out of more than
1650 applications since its inception. 76 startups have graduated successfully,
creating 614 job opportunities. The incubator hosts 551 teams that have generated
675 ideas, and currently incubates 60 startups. The total funding for incubated
startups is $205.4 million, with an average investment of $3.614 billion per year. The
ninth batch of companies that completed their incubation period at the Qatar
Digital Business Incubator was celebrated in February of this year, with 18 companies
graduating. These companies are: Noor, Mersal, Khtam, Saviour Xavier, Educarso,
Skip Cash, Smart Shuttle, One Life, Bevol, Reward, PetSquare, Wheels, Bookeroo,
Story Post, Ringdeem, Beyond Barriers (Madad), Hey Qatar, and Qcompare (Al-
watan Newspaper, 2022).

Examples of startups graduated from the DIC

The Digital Incubation Center (DIC) contributes to the gradual development of the

Qatari digital economy through the startups that graduate from it each cycle.

Among the graduated startups so far are:

- SkipCash: A Qatari fintech startup registered at the Qatar Financial Center that
focuses on providing mobile payment solutions and mobile point of sale solutions
in the Qatari market (SkipCash, n.d.).

- Smart Shuttle: The first and only school fransportation platform in Qatar that
connects busy parents with certified limousine drivers to accompany their children
to and from school. The company aims to provide safe, reliable, and comfortable
school transportation as well as parental tracking facilities through its dedicated
app for complete peace of min (DIC website, n.d.).

- Dibsyl: An active player in the fintech industry that simplifies payment processes
for both banks, merchants, and developers alike (DIC website, n.d.).

- Speedli: The first electronic car wash booking system in Qatar that provides users
with the most convenient times, locations, and prices. The "Speedli" app connects
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users with car wash service providers through an easy-to-use and time-saving
mobile/electronic platform that eliminates the hassle of long queues.

- LAGYY: A mobile application that aims to enhance e-commerce transactions
between companies and customers by allowing greater product visibility related
to home renovation supplies for consumers.

- Hiba: An indoor farming solution for planting plants in homes, offices, and other
places that conftribute to purifying the environment using IoT technology and an
innovative soil-free planting tray.

- Cwallet: A cross-border fransfer platform as an alternative means to send money
through traditional money transfer operators (MTOs) in the region using blockchain
technology (Cwallet - Beyond Remittance, n.d.).

Conclusion

The research highlights Qatar's efforts to develop its digital entrepreneurship
ecosystem as part of its digitization plan. Qatar has focused on improving its
telecommunications and information technology sector, leading to advancements
in communication networks and quality services. The country has also emphasized
education, research, development, and innovation by investing in its education
system and establishing institutions like the Qatar National Research Fund. Qatar's
expenditure on research and development has consistently increased, showing a
commitment to driving innovation. Qatar has demonstrated a strong position in
digital competitiveness among selected Arab countries. The country has invested in
ICT infrastructure, including fiber and mobile networks with extensive 5G
implementation, establishing Qatar as a global digital hub. E-government services
and initiatives like the Smart Qatar Program and Tasmu Digital Valley aim to
transform Qatar into a leading smart nation. Entrepreneurship and digital
enfrepreneurship have received significant attention in Qatar, with the establishment
of institutions, incubators, and funding structures to support startups. Qatar's rankings
in benchmark reports indicate its competitiveness and ease of doing business in the
enfrepreneurship ecosystem. The Digital Incubation Center (DIC) is a prominent
instifution in Qatar that supports digital entrepreneurs. It provides resources,
mentorship, and support to transform innovative ideas into successful businesses. DIC
offers workspace, access to facilities, and a vibrant entrepreneurial community
through its incubation program. It also provides capacity-building programs,
workshops, and facilitates connections with potential investors. DIC collaborates with
government agencies, academic institutions, and industry partners to create a
supportive ecosystem for digital entrepreneurship in Qatar. Through its initiatives, DIC
contributes to the growth and success of digital startups, promotes innovation, and
strengthens Qatar's position as a hub for digital entrepreneurship and technological
innovation.
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Abstract

This paper examines the relationship between family stressors and subsequent
financial behavior of young individuals in Croatia. Previous research indicates that
family stressors are associated with increased levels of financial stress, resulting in
impulsive purchases, risky financial behavior, and increased debt. More specifically,
family stressors during youth are shown to significantly affect an individual's financial
behavior later in life. Research has shown that youth family stressors, such as poverty,
parental divorce, and parental unemployment, can lead to financial stress and
affect financial behavior in adulthood. This paper provides an illustrative review of
the Family Stress Model (FSM) framework to understand how family stressors influence
youngsters in the financial domain. Using regression modeling, we estimate that
family stress significantly impacts the financial behavior of young individuals in
Croatia. Specifically, the study finds that family stress is negatively associated with
responsible financial behavior. These findings have important implications for
policymakers and practitioners, particularly those involved in financial education
and family support programs, highlighting the need to address family stress as a
potential risk factor for poor financial outcomes among young individuals. It is
important to recognize the relationship between youth family stressors and financial
behavior and work on managing both to improve financial well-being in adulthood.
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In stress-free families, children learn they can rely on the environment to provide
them emotional and physical security, and they acquire behaviors that will allow
them to achieve their own physical and emotional health in the following years. On
the contrary, high levels of family stress can have damaging outcomes for both the
physical and emotional health of children (Repetti, 2002). Adolescence is a critical
phase in the development of an individual, during which young people experience
various stressors that can significantly impact their financial behavior. Family stressors
are one of the most prevalent stressors that youth encounter, and they have been
shown to have a detrimental effect on adolescent behavior. In recent years due to
the pandemic, restricted social life, the war in Ukraine, and inflation, many young
individuals have had a hard time coping with the level of personal and family stress.
Besides that, like in many other countries, young people in Croatia face family
stressors in the form of parental divorce, economic hardship, and domestic violence.
All these stressors can negatively affect the financial behavior of youth, leading to
poor financial decisions, increased debt, and financial instability.

Family sociologists and psychologists have been at the forefront of exploring the
relationship between family structure and the behaviors of individuals. The consumer
research and marketing literature offers limited evidence about the relationship
between dysfunctional families and individual attitudes and behaviors. To
investigate how family stressors affect young people's financial behavior in Croatia,
reliance is placed on this body of literature. It is proposed that poor financial
behavior is exhibited by youth under the strong influence of family stressors. By
analyzing data from a sample of Croatian adolescents, the aim is to identify whether
family stressors (financial and non-financial) impact youth financial behavior i.e. to
investigate if family stressors (both financial and non-financial) will negatively impact
the financial behavior of youth. This research is crucial as it can provide policymakers
and educators with insights into how to mitigate the negative effects of family
stressors on adolescent financial behavior and promote financial literacy among
youth.

The rest of the paper is organized as follows. Section 2 provides a review of the
literature on family stressors and adolescent financial behavior, highlighting the gaps
in existing research. Section 3 describes the methodology used to collect and
analyze data. Section 4 presents the results of our analysis, including a discussion of
the family stressors that have the most significant impact on financial behavior.
Finally, Section 5 concludes with a summary of our findings and recommendations
for policymakers and educators.

Literature review and model development

Theoretical Framework

The socialization process is how young people are equipped to contribute
successfully to society. To do this, children must obtain the knowledge, abilities,
attitudes, and values required for effective functioning in the society they are
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growing up in. Moreover, socialization involves unintended consequences, such as
strict parenting styles and unfavorable home settings that lead to children's low
academic performance and antisocial behavior (Kuczynski, 2012). Parents' actions
significantly impact children's social and emotional development. The family shapes
the child's moral, intellectual, physical, and work attitudes and shapes how they will
perceive themselves and their surroundings (Luci¢ et al., 2020). The socialization of
the child would be seriously hampered if parents fought frequently and frequently
discussed getting divorced. Children in these circumstances experience anxiety,
fear, and constant worry over parent clashes and arguments. This approach harms
children's mental and social development (Hosseinzadeh Baferani, 2015).

One important dimension of children's socialization includes financial socialization.
Financial socialization happens in ordinary everyday family situations (Jorgensen,
Savla, 2010), particularly through the implicit development of financial attitudes and
skills (Alhabeeb, 1996). Since parents have the greatest influence on their children's
lives, as they get older, the parents' financial literacy, behavior, and attitudes toward
money impact the financial literacy, behavior, and attitudes of children and young
adults. The child's general conduct is implanted with parenting behaviors and
qualities. Youngsters frequently mimic what they have observed in their environment,
and as a result, these limitations develop into social behavioral patterns. Very often
children reared in financially stable circumstances exhibit more desirable financial
behavior compared to children reared in families that had poor financial habits and
unstable financial conditions. The same results were obtained by John (1999), and
Clarke et al. (20095).

Obviously, in the process of growing up, children and youngsters are exposed to
various situations within families and some of them might be stressful. Most of these
stressful situations and factors may be categorized as “financial” and “non-financial”
family stressors, and both of them may influence the financial behavior of young
people, which is the main premise investigated in this study. The theoretical
framework that specifically aims to explain how family stressors impact various
aspects of family functioning and individual outcomes, including mental health,
academic achievement, and behavioral problems is called the Family Stress Model
(FSM). The FSM proposes that family stressors, such as economic hardship, parental
conflicts, and psychological distress, are situations that can create stress within the
families and cause adverse outcomes for youth (Chzhen et al., 2020). This stress can,
in turn, lead to negative interactions between family members, such as conflict,
hostility, and withdrawal. Subsequently, this can negatively impact child and
adolescent development, leading to emotional and behavioral problems and poor
academic outcomes. Poor parental socialization that results in ineffective parenting
practices can confribute to the level of family stress. In addition, poor financial
socialization can impact children’s experience of economic hardship, which is one
of the key variables in FSM. Economic hardship relates to various forms of economic
pressure and poor economic conditions, such as worrying about money, debt, or
employment (Chzhen et al., 2020). The FSM has been widely used in research to
explore the relationship between family stressors and various individual and family
outcomes, mostly children's mental health, academic achievement, and emotional
problems (Conger et al. 2010).

We extend the FSM by intfroducing new variables. Firstly, along with economic
hardship, we include non-financial family stressors as factors influencing youth
behavior. Secondly, as an outcome variable, we use youth financial behavior. We
look at financial behavior as the final outcome of the FSM process. To the best of our
knowledge, this is the first paper using the FSM concerning youth financial behavior.
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Our extension accounts explicitly for youth subjective experience about family
stressors. Based on the Family Stress Model, we develop our research model of the
financial behavior of youth where we assume the following: Family stressors (both
financial and non-financial) will negatively impact the financial behavior of youth.

FAMILY

] l
Family Stressors T —™ Financial behaviour
'

Source: Authors.

Family stressors and financial behavior

While there is no universally agreed-upon definition of financial behavior or a
standardized measurement tool, it encompasses any actions or conduct related to
the management of money. Various factors contribute to financial behavior,
including demographic characteristics (such as age, gender, income, and
education), psychological factors (such as self-belief, behavioral control, perception
of control, optimism, and risk aversion), and external influences like financial stressors,
financial knowledge, and financial attitudes (Pali¢ et al., 2020).

According to the principles of behavioral economics, psychological factors,
emotions, and cognitive processes have a significant impact on determining
financial behavior, even among individuals who possess financial knowledge.
According to Hetherington and Stanley-Hagen (1999) children who have
experienced stress- factors are at higher risk of exhibiting behavioral or emotional
problems. Harland et al. (2002) found that family characteristics and stressful life
events are associated with the risk for children of behavioral and/or emotional
problems. Also, they discovered that children who had recently experienced
parental unemployment, divorce, or separation were more likely to have behavioral
or emotional issues than children who had experienced these experiences in the
past. Simons et al. (1999) explored the influence of parents divorce on children's
emotional problems and behavior and concluded that children of divorced parents
tended to be more depressed. Furthermore, studies have demonstrated that
children who suffered parental divorce or unemployment are more likely to have
financial issues and have worse levels of financial well-being as adults (Amato, Keith,
1991; Kalenkoski, Ribar, 2010).

Moreover, family pressures throughout adolescence might influence financial
behavior by passing on to children financial attitudes and actions from parents (Hira,
Loibl, 2005). When parents are under a financial strain, they may set a bad example
for their kids regarding money management.

Repetti et al. (2002) concluded that children who grow up in risky families tend to
exhibit risky and threatening behaviors. McLoyd (1990) found that financial problems
and economic hardship within a family negatively affect children’s socioemotional
functioning. Economic hardship was also found to contribute to lower levels of
academic achievement and socioemotional functioning (Mcloyd, 1990). According
to Westman and Leijon (2019), those who grew up in financially stressed families had
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worse financial literacy and were more prone to behave impulsively while making
purchases. According to a different study by Serido et al. (2018), children who
experienced financial stress within their family were more likely to have poorer
financial health as adults.

McAlexander et al. (1993) concluded that recently divorced adults use material
objects and acts of consumption to cope with the stress produced by this life
transition. It seems reasonable to expect that children faced with the disruption of
their family structure might enact similar coping strategies, perhaps to an even
greater extent (Rindfleisch et al., 1997). Children experiencing the stress from the
disruption of their families appear especially likely to place greater emphasis on
material objects and consumption to adjust to their new roles as members of a
disrupted family. Also, children in single-parent, low-income households frequently
have to take on adult tasks like working for the family or caring for younger siblings.
So, it is possible to see the change in their attitude and financial behavior due to
their adoption of these new responsibilities, including consumption. If divorcing
parents fight for their child's affection by exchanging gifts, this could cause the child
to associate receiving material objects with feelings of love and desire, resulting in
an early indoctrination of increasing materialism (Rindfleisch et al., 1997).

Consumer studies have demonstrated the significance of material items as
symbolic linkages to interpersonal relationships. As a result, children in disorganized
families may start to rely on purchasing to symbolically fill the space left by a missing
parent (Belk, 1988; Richins, 1994).

Methodology

Research design

The research was designed to test the theoretical framework of financial capability
(Luci¢ et al., 2023) on the sample of young adults in the Republic of Croatfia. Young
adults are defined from 15-25, thereby including late adolescents and young adulfs.
The survey was developed and tested before the data collection to ensure that the
respondents understood the questions and they can perform the tasks at hand.

The survey consisted of four groups of questions related to financial capability,
financial behavior, financial socialization agents, and demographics. The
questionnaire considered 15 questions in total and it took 15 minutes of respondents'
time.

In order to concise the information on financial behavior and family stressors
contained in the questionnaire items the principal component analysis (PCA) is
employed. In line with Field (2013), PCA is commonly used fo to understand the
stfructure of a set of variables and construct a questionnaire to measure an
underlying variable. In this research PCA is used to measure financial behavior and
family stressors.

The scale of financial behavior was adapted based on the OECD INFE core
questionnaire (Atkinson, Messy, 2012) and Financial Management Behavior Scale
(FMBS) developed by Dew and Xiao (2013), resulting in the following items:

e | have money "set aside" to use in the future. (FCFinBeh01);

e | have a savings fund "for the dark days" (emergencies). (FCFinBeh02);

e | pay close attention to how much money | spend. (FCFinBeh03);

e In my budget, revenues are greater than expenses. (FCFinBeh05);

e | am confident in receiving and directing payment from my bank account

(FCFinBeh0é);

e | know how to choose financial products for a specific purpose (FCFinBeh07).
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A principal components analysis was performed on the above items, and it was
found that one latent dimension is formed by the six listed items. Reliability was tested
with a Cronbach's alpha coefficient of 0.76.

The family stressors scale was adapted from the Life Experiences Survey (Sarason
et al., 1978). Measuring the intensity of selected family stressors that impacted their
life where 0 measured if the stressor did not occur 1- the perceived impact of the
particular event on their life at the tfime of occurrence extremely negative to 7- the
perceived impact of the particular event on their life at the time of occurrence
extremely positive). The analysis includes the following item:s:

e Life on the edge of poverty. (FamilyStressO1);

e A big and sudden change in your family's financial situation. (FamilyStress02);

e Excessive indebtedness of parents. (FamilyStress03);

e Longer periods in which one or both parents were temporarily absent.

(FamilyStress04);

e Loss (other than death) or separation from family members or loved ones.

(FamilyStress05);

e Violation of the law and contact with social services/police officers.

(FamilyStress06);

e Changes in your family, except the divorce of parents (such as remarriage of
parents, the birth of your own child, etc.). (FamilyStress07);
e Divorce of parents (FamilyStress08).

A principal components analysis was performed on the above items, revealing
that one latent dimension is formed by the five listed items. Reliability was tested with
a Cronbach's alpha coefficient of 0.78.

Data collection and sample description
Data were collected using a web-based survey of a convenience sample of young
people in the Republic of Croatia from September 2019 to May 2020. We have
contacted all high schools and registered universities and colleges with the invitation
to join the survey, and asked for the principles and professors to coordinate the link
distribution. Therefore, we are unable to make any estimations of the response rate.
Overall, 970 highschool and university students took part in the survey, aged 15 to
25 years, while 717 of them completed all the survey questions. Out of these, 58.5%
were highschool students and 41.5% were university students, and 26.5 % were male
(190) students and 73.5% (527) female students. Regarding the household type, most
of the respondents live with their families (88.2%), 5.70% live with their roommate,
3.33% live with their partner, 1.95% live on their own, and 0.83% have other types of
household structure. Most of the respondents were born in 2003 (20.3%). Parents' level
of education points to the fact that most of the respondents’ parents, (51.23%
mothers and 54.15% fathers) have a secondary level of education. Data were
analyzed using the IBM® SPSS® Statistics 26 software package.

Results and discussion
The impact of family stressors (FS) on financial behavior (FB) pricing is assessed using
simple linear regression model. Before estimating the linear regression model,
principal component analysis (PCA) is conducted.

The component matrix of financial behavior is presented in Table 1. One financial
behavior component is extracted out of six previously mentioned items. All items are
positively related to one extracted component with loadings shown in the table. The
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extracted component is denoted by FB. Mentioned component explains 45.9% of
the total variance.

Table 1. Component matrix of financial behavior

Component]
FCFinBehO1 0.764
FCFinBeh02 0.768
FCFinBeh03 0.664
FCFinBeh05 0.693
FCFinBeh0é 0.531
FCFinBeh07 0.613

Source: Authors' calculation.

Furthermore, the component matrix of family stressors is presented in Table 2. All
items are positively related to one extracted component with loadings shown in the
table. The extracted component is denoted by FS. the PCA of items referring to
family stressors pointed to one principal component. Mentioned component explains
45.9% of the total variance.

Table 2 Component matrix of family stressors

Component 1
FamilyStress02 0.664
FamilyStressO4 0.584
FamilyStress05 0.653
FamilyStress0é 0.676
FamilyStress08 0.575
FamilyStress10 0.635
FamilyStress12 0.632
FamilyStress13 0.619

Source: Authors’ calculation.

Since the principal component analysis has indicated that one component
adequately comprises the original set of items for both FB and FS, the exiracted
principal component FB is used in linear regression modelling as the dependent
variable and the exiracted principal component FS is used in linear regression
modelling as the independent variable.

The following standardized linear regression model is estimated:

FB = —0.099 FS (1)

The family stressors component is shown to be significant in explaining financial
behavior, with t-statistic equal to 2,665 and a corresponding p-value of 0.012. Thus
the one standard deviation increase in FS leads to the 0.09 standard deviations
decrease in the estimated value of FB. The coefficient of determination of the model
equals 9.4%, which is considered low. It is important to acknowledge that financial
behavior is influenced by variables beyond family stressors. Nonetheless, the primary
focus of this research revolves around examining the impact of family stressors.

Conclusion

This study emphasizes the role that family stressors play in shaping the financial
behavior of adolescents in Croatia. The paper has highlighted the negative impact
of family stressors on financial behavior. The findings are consistent with previous
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research, which indicates that children who experience family stressors are at higher
risk of exhibiting behavioral and emotional problems and that parents' financial
behaviors may be passed down to their children, particularly when parents are
under a financial strain, sefting a bad example in terms of money management.
Evidently, children growing up in risky families tend to exhibit risky and threatening
behaviors, and family problems and economic hardship negatively affect children's
functioning.

Based on the literature review and data analysis presented in this study, it is clear
that family stressors significantly impact the financial behavior of Croatian
adolescents. Our findings indicate that young people who experience high levels of
family stress, including financial stress, problems with law, absence of parents,
parental divorce, or loss of family members, are more likely to exhibit poor financial
behavior.

In light of these findings, it is important to consider the role of family stressors in
shaping financial behavior and the potential impact on children's long-term financial
well-being. These results have important implications for policymakers and educators
in Croatia who are committed to promoting financial literacy and stability among
youth. By addressing these stressors and promoting financial literacy, policymakers
and educators can help young people build a solid foundation for financial stability
and success in the future.

This study has several limitations. Firstly, it only focuses on the financial behavior of
youth in Croatia, and therefore, its findings may not be generalizable to other
populations. Secondly, while the study identifies a correlation between family
stressors and financial behavior, it does not establish causality, i.e., it is unclear
whether family stressors directly cause poor financial behavior or if other factors
mediate this relationship. As the study does not account for other potential
confounding factors that may impact the relationship between family stressors and
financial behavior, such as socio-economic status, education, or cultural factors, this
represents a new area of research for future studies. Thirdly, the study relies on self-
reported data, which may be subject to social desirability bias and other forms of
response bias. Finally, the study does not identify which specific family stressors are
most strongly associated with poor financial behavior. Therefore, future research
should identify the specific stressors that have the most significant impact on
financial behavior so that policymakers can develop targeted interventions and
programs to help young people develop the skills and knowledge they need to
make informed financial decisions.
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Abstract

This study examines the symmetric and asymmetric impact of public debt on
economic growth in Cote d'lvoire using time series data from 1972 to 2021. The
analyses were performed using both linear and nonlinear autoregressive distributed
lag (ARDL) models. The study also ufilised the bounds F-test for cointegration, the
Brock-Dechert-Scheinkman (BDS) nonlinearity test, and the Wald test for
asymmetries. The findings of the bounds F-test provide support for both linear and
nonlinear cointegration. The BDS test results indicate that the series are nonlinear,
while Wald test results revealed an asymmetric relationship between public debt
and economic growth in Cote d'lvoire in the short run and symmetric relationship in
the long run. Estimation results for the symmetric ARDL regression model provide no
evidence of a statistically significant impact of public debt on economic growth,
regardless of whether the analysis was conducted in the short run or long run. The
NARDL findings indicate that, on average, positive changes to public debt lead to
economic decline in the long run, while negative changes cause an economic
upturn in the short run. The findings also show that GDP growth responds rapidly and
strongly to negative changes in public debt. Therefore, the study encourages the
government of Cote d'Ilvoire to be cautious about public debt rise because it was
established that they have a negative impact on economic growth. Negative
changes in the public debt can serve to minimise the uncertainties in the business
environment, thus promoting private, public, and foreign direct investments.
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The severity of the debt crisis in Africa confinues to be a major global socioeconomic
concern. Significant economic upswings or downturns brought on by large
fluctuations in public debt ratios provide difficulties for policymakers around the
world. The difficulties are caused by the impact of public debt on a number of
macroeconomic variables, including domestic interest rates, inflation, public and
private consumption, public and private investment, private savings, fiscal and
monetary changes, access to new and cheap credit lines, total factor productivity,
International Monetary Fund (IMF) lending decisions, timing and size of financing and
more (see, for instance, International Monetary Fund, 2022a; Kose et al., 2021;
Saungweme, Odhiambo, 2019; Barro, 1980; Domar, 1944). For instance, Barro (1980)
contended that shocks related to government debt have an expansionary impact
on output and a negative influence on the unemployment rate. However, it was
established that monetary policy shocks had a greater impact on output and
unemployment than debt shocks (Barro, 1980). Domar (1944) examined debt and
the problems of deficit funding and concluded that carrying a heavy debt load is
largely a challenge to achieving a rising national income and that the country's
debt load decreases in direct proportion to income growth. It is, therefore,
imperative to comprehend how changes in the public debt are anticipated to
affect real gross domestic product (GDP) over the short- to long-term in order to
make prudent policy responses and forward-looking assessments.

In 2021, regional debt trends differed substantially, with advanced and emerging
economies experiencing a decline and low-income countries experiencing a
considerable increase (International Monetary Fund, 2022a; b). The rise in public
debt in low-income nations is a result of governments' expansionary and
discretfionary fiscal policy actions taken in response to the covid-19 health crisis,
global economic downturn and inflationary pressures (International Monetary Fund,
2022a; Kose et al. 2021). This surge in public debft, notably in Africa, raises concerns
about the medium- to long-term economic growth prospects, increasing the already
severe public debt burden and jeopardising efforts to reduce poverty on the
continent. In light of the covid-19 health shock, which caused a large downturn in
the global economy and an increase in debt levels, this study re-examines the link
between public debt and economic growth in one of the Sub-Saharan African
economies.

The empirical literature on the symmetric impact of public debt on economic
growth is extensive and has been rising over time. The findings vary depending on
the estimation modelling technique utilised, model specification, and the time frame
considered, among other variables (see, for example, Saungweme, Odhiambo,
2021; Gémez-Puig, Sosvilla-Rivero, 2018; Ahlborn, Schweickert, 2016). There is also an
ample body of literature that support the nonlinear relationship between public debt
and economic growth. These studies, which looked for threshold effects, discovered
that public debt contributed positively to economic growth at lower levels and
negatively at higher levels and that the growth optimising level of public debt
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differed across analysed economies (see Mupunga Le Roux, 2015; Baum et al., 2012;
Minea, Parent, 2012; Reinhart, Rogoff, 2010a; b).

Despite the existence of a wealth of literature on the relationship between public
debt and economic growth, the asymmetric impact and the magnitude of both
positive and negative debt changes remain highly unknown, and literature is still in its
infancy (see, for example, Abate, 2023; Jusuf, Mohd, 2023; International Monetary
Fund, 2022a; Mosikari, Eita, 2021). Using a NARDL technique, Jusuf and Mohd (2023)
looked into the asymmetric effect of foreign public debt on economic growth in
Nigeria from 1980 to 2020. According fo the study, an increase in the stock of foreign
public debt of 1%, ceteris paribus, resulted in an increase in economic growth of 0.6
%. Similarly, a percentage point fall in the stock of foreign public debt was
associated with an increase in economic growth of 0.32 %.

Abate (2023) used data covering the years 1982-2018 to evaluate the nature of
the relationship between Ethiopia's state debt and economic growth. An NARDL
approach, multiple thresholds nonlinear ARDL model, and an instrumental variable
regression model with a quadratic specification were among the techniques used in
the study. According to the findings, there is evidence to suggest that there is an
asymmetric link between public debt and economic growth. Contrary to existing
literature, the findings indicate that while the impact of a modest and negative
shock to debt is undesirable, a substantial positive shock to debt is favourable to
economic growth. The findings also show that debt has a threshold effect and that it
only helps Ethiopia's economy expand when it is significantly below 66.8% of GDP or
36.3% of GNI.

The International Monetary Fund (2022a) examined the effects of unexpected
changes in public debt on real GDP for 178 countries between 1995 and 2020. The
study used forecast errors in public debt to detect exogenous changes in public
debt and then analysed how a change in the debt-to-GDP ratio would affect real
GDP. The findings were mixed. On the one hand, the findings show that for countries
with a high initial debt level or a rising debt trajectory over the five preceding years,
the impact of an unexpected increase in public debt on the real GDP level is
typically negative. On the other hand, an unexpected increase in public debt
increases real GDP for counftries that have a low-income level or completed the
highly indebted poor countries (HIPC) debt relief initiative.

Mosikari and Eita (2021) investigated the asymmetric relationship between public
debt and GDP growth in Namibia using data spanning the years 1980-2019. The
study used the non-linear autoregressive distributed lag approach to ascertain the
asymmetrical impact of public debt on GDP growth. The results show that GDP
growth is negatively associated with rising public debt levels and positively linked
with falling debt levels. The results also revealed that GDP growth is more sensitive to
changes in negative debt than to changes in positive debt.

In contrast to past studies, this current study examines both symmetric (linearity)
and asymmetric (nonlinearity) effects of public debt on economic growth in Cbote
d'lvoire. The asymmetric ARDL model incorporates additional excellent qualities while
preserving the merits of the conventional ARDL (see Pesaran et al., 2001). For
instance, the NARDL technique enables public debt to be decomposed into positive
and negative partial sums of squares and examines the magnitude of their effects on
economic growth. The method also permits the inclusion of the potential for
nonlinear impacts of both positive and negative changes in other explanatory
variables (Shin et al., 2014). Furthermore, the asymmetric ARDL model's cumulative
dynamic multipliers shed light on how asymmetric debt shocks influence growth in
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response to the previously identified long-run equilibrium from the dynamics of
disequilibrium (Shin et al., 2014). Therefore, it is essential to comprehend the
asymmetric impact of public debt on economic growth in designing an economic
system that supports sustainable economic growth and public debt sustainability in
Cote d'lvoire.

Cote d'lvoire is a lower-middle income country whose exports are still heavily
composed of a small number of raw materials, including cocoa, raw cashew nuts,
coffee, rubber, timber, petroleum products, and gold, making it particularly
vulnerable to changes in the price of these commodities on a global scale (World
Bank, 2020). Three major phases may be identified in Cote d'lvoire's economic
history: the 1960-1979 boom, the 1980-2003 crisis, and the 2004-2021 growth and
recovery phase. Between 1960-79, the country's economy grew strongly on average
by 7.4%, driven mostly by the commodity price boom, political stability, and massive
public investment (Keho, 2017). Between 1980 and 2003, the country experienced a
number of economic and political crises, including drought, low commodity prices
on international markets, rapidly rising debt-related costs, socio-political instability,
and suboptimal domestic revenue performance, all of which had a negative impact
on the country's growth prospects (World Bank, 2007; International Monetary Fund,
2003). From 2004, the economy grew at rates of 5.0% (2.6%), 5.8% (3.4%), and 7.2%
(4.6%), between 2004-2021, 2008-2021, and 2012-2021, respectively (World Bank,
2022). The covid-19 pandemic, however, had a negative impact on the domestic
economy in 2020, causing disruptions to frade, notably with the country's key trading
partners, and reducing foreign funding flows, which caused real growth to drop to
1.9% (World Bank, 2022).

From a public debt front, the country is currently considered to be in the
moderate debft distress category following a debft relief of 60% (almost US$7.7 billion)
in 2012 (International Monetary Fund, 2022c; 2012). However, over the period of 2016
to 2021, the country's debt stock dramatically grew, raising red flags about potential
debt-related problems in the future. The rise was caused by a growing recourse to
commercial foreign borrowing, including to finance an increase in public investment
and social spending in the context of the National Development Plan 2015-2020
framework and the covid-19 crisis (International Monetary Fund, 2022d). In
December 2021, the public debt as a percentage of GDP was 53.5%, up from 33.5%
in 2017 (International Monetary Fund, 2022d; World Bank, 2022). Commercial
creditors, including members of the Paris Club and non-members like China, India,
Saudi Arabia, and Kuwait, hold about half of the total debt stock, and nearly 0% of
that debt is in the form of Eurobonds (International Monetary Fund, 2022d). France is
the major bilateral creditor, followed by the United States and Germany. The World
Bank, the IMF, and the African Development Bank are the major multilateral
creditors. Debt from these multilateral creditors has surged since 2020 and made up
approximately 29% of the country's total foreign public debt in 2021, primarily due to
the country's response to the covid-19 pandemic (International Monetary Fund,
2022c; d).

The rest of the research is arranged as follows: the next Section discusses the
public debt and economic growth frends in Céte d'Ivoire. It is followed by model
specification and estimation techniques in Section 3. The empirical analysis is
presented in Section 4, while the main conclusions and policy implications are
summed up in the last Section.
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Public debt dynamics and economic growth patterns in

Cote d'lvoire

The Coéte d'lvoire debt problem during the review period can be considered as
being caused by a number of factors. Among them is the government's excessive
borrowing between the 1970s through the 1990s to cover for the country's capital
and recurrent financial demands (International Monetary Fund, 1998). During that
time, the government chose to implement extensive development programs and
budgetary policies that were quite expansionary, especially during periods of
commodity boom (International Monetary Fund, 1998). Unfortunately, these
spending patterns persisted in the 1980s, during economic downturns, causing the
government to turn to foreign borrowing in order to keep implementing its programs
in the face of declining export revenues (African Development Bank, 2005). As the
budgetary imbalances worsened, the government's capacity to make its
outstanding debt service payments weakened, which exacerbated additional debt
problems, including inflationary pressures and exchange rate misalignments
(International Monetary Fund, 2012; 2000). Another factor that contributed to Cote
d'lvoire debt crisis during the 1980s was the rise in foreign interest rates because the
country had made significant use of commercial borrowing (Greene, Khan, 1990;
Krumm, 1985). Figures 1 and 2 present public debt and economic growth trends in
Cobte d'lvoire over the period 1980-2021.
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Figure 1 Public debt trend in Cote d'lvoire (1980-2021)
Source: Authors’ compilation using the World Bank (2022) and International Monetary Fund
(2022d, 2012, 2000) data.

Figure 1 shows how quickly public debt increased, from less than 50% of GDP in
1979 to a peak of 219% of GDP in 1994, consisting of 184% of foreign public debt and
35% of domestic public debt (International Monetary Fund, 2000). The average debt-
to-GDP ratio from 1988 to 2000 was 154.7% (World Bank, 2022). However, the foreign
public debt component decreased between 1995 and 1999, faling from US$16
billion to around US$12 billion in absolute terms and from 158% to 98% as a share of
GDP (International Monetary Fund, 2000). This decline is mostly attributable to the
1998 partial debt relief and restructuring by the London Club (International Monetary
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Fund, 2012). The sharp rise that became apparent between 1999 and 2000 was
driven by both commercial loan defaults and the sharp output decline brought on
by political instability (World Bank, 2007).

The World Bank and IMF, Paris Club and non-Paris Club bilateral creditors’ debt
relief initiatives between 2002 and 2012 led to the drastic decline in foreign public
debt as evidenced by the faling public debt/GDP trend in Figure 1. During the
interim phase, the Paris Club HIPC interim debt relief was provided through debt
rescheduling, swaps and cancellation in accordance with the Cologne provisions.
By 2007, the Paris Club has either cancelled or rescheduled a debt of approximately
US$1.4 billion, followed by multilateral creditors with US$711.4 and non-Paris Club
creditors with $17.3 million (International Monetary Fund, 2012). Overall, the stock of
foreign public debt was decreased by US$3.1 bilion under the HIPC Initiative, with
43% from Paris Club, 27% from bilateral creditors, 23% coming from multilateral
creditors, and the remaining 7% from other bilateral and commercial creditors
(International Monetary Fund, 2012).

15 -

-15 -

Figure 2 GDP Growth rate in Cote d'Ivoire (1980-2021)
Source: Authors’ compilation using the World Bank (2022) data.

Figure 2 shows that economic growth largely remained below the SSA average
between 1980-2011. However, political stability and public investment, facilitated by
the extensive debt relief under the heavily indebted poor countries and multilateral
debt relief initiatives, and reforms to strengthen the business climate, have enabled a
strong pickup in economic activity between 2012 and 2021. Real GDP grew from
0.7% between 2000-2011 to 7.2% between 2012 and 2021 (World Bank, 2022). In
Figure 2, the notable strong economic rebound in Cote d'Ilvoire in 1994 was brought
about by a currency devaluation, accompanied by several economic policies,
including Competitiveness Sector Adjustment Programme (PASCO), the Financial
Sector Adjustment Programme (PASFI) and the Health and Human Resource
Adjustment Programme (PAS-RH) (African Development Bank, 2005). These reforms
enabled the government in restoring the country's financial sustainability on both the
domestic and foreign fronts. GDP growth slowed to 1.9% in 2020 due to covid-19
induced lower exports and a decline in both foreign direct investment and foreign
financial flows, signifying the need to increase economic resilience to externally
unfavourable shocks (World Bank, 2021).
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Figures 1T and 2 seem to depict an inconsistent picture of how public debt and
economic growth in Cbte d'lvoire relate to one another. However, a close
examination of the figures suggests that there is a negative correlation between the
variables, with economic booms and recessions being accompanied by a reduction
and an increase in the debt/GDP ratio, respectively. The next step in this research is
to look at the symmetric and asymmetric relationships between public debt and
economic growth in this country.

Data, model specification and estimation techniques

In this analysis, annual time series data from 1972 through 2021 were used. The World
Bank Development Indicators, an online World Bank database, and the International
Monetary Fund global debt database were used to get the data. Table 1 presents
the definitions of the variables, measurements, and a priori expected sign for each
variable.

Table 1 Definitions of variables and expected signs

Variables Definitions of variables (Measurements) Expected signs
Economic Growth (Y) Annual GDP per capita growth (%)
Public debt (PD) Central government debt (% of GDP) -
Investment (INV) Gross fixed capital formation (% of GDP) +
Gross domestic savings (GDS) Gross domestic savings (% of GDP) +
Trade openness (TO) Exports +Imports (% of GDP) +
Inflation Consumer price index inflation (annual %) -/+

To examine the symmeftric dynamic relationship between public debt and
economic growth in Cbte d'lvoire, the following theoretical model framework is
specified:

Y, = f(PD,INV,GDS, TO,INF) (1)
where all variables are as defined in Table 1.

The choice of independent variables in model 1 is underpinned by theory. The
debt overhang theory argues that the accumulation of public debt crowds out
private sector investment (Myers, 1977). Contrarily, government expenditure
financed by deficits rather than taxes has a more favourable multiplier impact on
the economy (Barro, 1980). Investment boosts productivity across many economic
sectors, both formally and informally (African Development Bank, 2022). Public
investment stimulates economic activity through short-term effects on aggregate
demand; it raises total factor productivity and has a crowding-in effect on private
investment (Makuyana, Odhiambo, 2019).

The Modigliani and Ando (1957) Life Cycle Hypothesis presents the potential
impact of savings on economic growth. The hypothesis contends that financial
factors, including interest rates, inflation rates, the availability of financial instruments,
and initial wealth levels, have a direct impact on both saving throughout working life
and spending after retirement. These factors are important because they have a
dynamic impact on how households choose to invest and consume throughout the
course of tfime. Grossman and Helpman (1990) claim that trade openness can spur
economic growth by easing access to goods and services, improving resource
allocation efficiency, and enhancing total factor productivity through the spread of
technology and knowledge (see also Barr, Sala-i-Martin, 1997). Depending on
whether money is completely neutral, a substitute for capital, or a complement to
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capital, the impact of inflation on economic growth might be neutral, positive, or
negative (see Ndoricimpa, 2017).

Equations 2 and 3 give the linear ARDL model specifications. Symmetric ARDL
model speaﬂcohon

Ay, = ag + Z“le}’t 1+Za21APDt l+2a31A1NVt l+2a4l AGDS;_;
i=1 i=0 i=0 i=0

(2)

+ Za5AT0t i +Za6AINFt i T 01Yt—q + 0,PD;_1 + 03INV,_4

i=0 i=0
+ 04GDS;_1 +05TOr_1 + 0gINF + iy

where: «a, = constant; a; — ag and o, — o, = short-run and long-run regression
coefficients, respectively; A = change; n = lag lengths; p,; = white-noise error term; t =
time period.

ECM symmefnc ARDL model specn‘lco’rlon

Ay, = ag + Z aq;Ay,_; + Z a;APD,_; + Z az;AINV,_; + Z a4 AGDS,_;
(3)

+ z aSiATOt_i + Z a6iAINFt_l- + (A)lECMt_l + Uy
i=0 i=0
where: a, = constant; a; — ag and w,; = regression coefficients; ECM,_; = error-
correction term lagged once. The other variables and symbols remain as earlier
defined in Table 1 and equation 2.

The standard linear specifications (2) and (3) are unable to capture the
asymmetric relationship between public debt and economic growth. Accordingly, in
line with Shin et al. (2014), the study incorporates the NARDL technique to account
for both short-run and long-run asymmetric dynamics between variables. Thus,
following Shin et al. (2014), public debt (PD,) can be decomposed into partial sums
of positive (PD;{") and negative (PD;) changes as follows:

Y, = 8"PDf + 6" PD; + X; + ps;t (4)
where:
t t
PD{ = APD} = Z max(APD;; 0) (5)
j:l ]=1
t t
PD; = APD[ = Z min(APD;; 0) (6)
j:l ]=1

Using equations (5) and (6), the nonlinear autoregressive distributive lag model can
be given as NARDL model specification:
q1 q2 q3
AY, = &, + Z 810, +z 85APD!  + Z 85;APD;_; + z 84AINV,_;
q4 q5 q6 (7)
+ Z 85; AGDS,_; + Z Se:ATO_; + z 8, MINF;_; + a;Y;_y + ai PD} 4

+ a3 PDt 1+ a4INVt 1+ asGDS;_4 + a6T0t 1+ asINFr_q + ust
where: A= change; p; q1 — q6 = optimal lag order; §, = constant; §; — §,= short-run
coefficients; a; — a; = long-run coefficients; us;; = white noise error term.
The critical values for the linear and nonlinear ARDL models are the same.
Cointegration is ascertained by comparing computed F-statistic to the upper and
lower critical bounds from Pesaran et al. (2001) critical values. An asymmetric
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cointegration test is present if the joint null hypothesis, a; = af = a5 = a, = as = ag =
a, = 0 is rejected.
NARDL ECM representation:

4 q1 q2 q3
AY, = 8, + Z 81 AY,_; + Z 53.APD} ; + Z 85 APD;_; + Z 84;AINV,_;
i=1 i=0 i=0 i=0 (8)
q4 q5 q6

+ Z 55; AGDS,_; + Z 8¢;ATO,_; + Z 8., AINF,_; + OECM,_, + piyy
i=0 i=0 i=0

To confirm convergence to long-run equilibrium following a shock or short-term
disequilibrium, the coefficient of the error correction term (@) is anticipated to be
negative and statistically significant. According to Shin et al. (2014), the asymmetric
cumulative dynamic multiplier is used to assess how GDP growth responds to
changes (an increase or decrease) in public debt using the following representation:

h oy
+ th
o - Loox; %)
i=0
h
_ aYt+j
Mh = 2 ok (10)

i=0
where: as h - o, mif » L* and m;; —» L~; Long-run coefficients: Lt = - px*/py and L™ =
- px~/py.

The current study makes use of time series dataq, so it is necessary to pre-test each
variable for unit root in order to prevent spurious regressions and to determine the
order of integration for each variable. According to Pesaran et al. (2001) and Shin et
al. (2014), ARDL and NARDL models require that no variable be integrated of an
order higher than one. To determine the order of integration, the study uses the
Dickey-Fuller Generalised Least Square (DF-GLS) and Phillips-Perron (PP) approaches.
After ascertaining the order of integration for each variable, the study then conducts
a cointegration test and, consequently, the validity of the ARDL and NARDL
processes. Furthermore, this study undertakes nonlinearity tests in the series using the
Brock-Dechert-Scheinkman (BDS) test, which was first developed by Brock et al.,
1996). The null hypothesis of linearity, under various BDS statistical dimensions (m = 2,
3. 4, 5, 6), is put to the test. The Wald test is also included in this study to check for
both short- and long-run asymmetries. The study then applies the above specified
models 2, 3, 7 and 8 to estimate the symmetric and asymmetrical long- and short-run
effects of public debt on economic growth. Finally, the study carries out a battery of
post diagnostic  tests, including tests for normality, heteroscedasticity,
autocorrelation, misspecification of the functional form, model stability and
apparent asymmetries in the adjustment patterns tfraced by the dynamic multipliers.

Empirical analysis
Stationarity results reported in Table 2 show that the variables have different
integrating orders. While it was found that GDP growth and inflation were stationary
in levels [I(0)]., public debt, investment, savings and trade openness all became
stationary after the first differencing [I(1)]. The findings support the applicability of the
ARDL and NARDL analyses since the order of integration is a mixture of no more than
one.

The BDS test findings shown in Table 3 indicate that the series are nonlinear in all of
the BDS dimensions. This has been confirmed by the BDS test statistics for all the
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variables, which have been found to be statistically significant at 1%. This finding
shows that the relationship between total public debt and economic growth in the
current study is best examined using a nonlinear model.

Table 2 Stationarity test for all variables

Dickey-Fuller Generalised Least Square (DF-GLS)
Variable Level First Difference
Without Trend With Trend Without Trend With Trend
Y -4.205%** -4, 469*** _ _
PD -0.283 -0.419 -2.957*** -3.084*
INV -1.473 -1.721 -5.028*** -5.467***
GDS -1.032 -2.488 -6.355*** -6.376***
TO -1.840* -3.102* _ _
INF -3.439*** -4.291*** _ _
Phillips-Perron (PP)
Level First Difference
Without Trend With Trend Without Trend With Trend
Y -4.189*** -4.380*** _ _
PD -0.869 -0.919 -6.392%** -6.538***
INV -1.681 -1.562 -5.553*** -5.634***
GDS -2.577 -2.508 -6.618*** -6.603***
TO -1.611 -3.627** -8.039*** -7.975%**
INF -3.778*** -5.419*** _

Notes: *, ** and *** denotes stationarity at 10%, 5% and 1% sign_ificonce level.

Table 3 BDS test for nonlinearity

BDS Statistic

Dimension 2

Dimension 3

Dimension 4

Dimension 5

Dimension 6

Variables BDS P- BDS P- BDS P- BDS  |pgue| EDS P-

Statistic  |value Statistic value Statistic value Statistic Statistic value

Y 0.0371*** 0.000 0.067*** 0.000 0.078*** 0.000 0.078*** 0.000 0.074*** 0.000

PD 0.1771%* 0.000 0.287*** 0.000 0.357*** 0.000 0.39 71+ 0.000 0.404*** 0.000
INV 0.126*** 0.000 0.204*** 0.000 0.2471*** 0.000 0.257*** 0.000 0.255*** 0.000
GDS 0.086*** 0.000 0.130*** 0.000 0.164*** 0.000 0.1771%** 0.000 0.166*** 0.000
TO 0.094*** 0.000 0.135*** 0.000 0.176*** 0.000 0.188*** 0.000 Q.19 7%+ 0.000
INF 0.098*** 0.000 0.179*** 0.000 0.230*** 0.000 0.255*** 0.000 0.260*** 0.000

Notes: *** denote statistical significance at 1% level.

Table 4 presents the findings of the cointegration tests based on the ARDL and
NARDL bounds testing methods. The estimated ARDL and NARDL models have F-
statistics of 7.917 and 9.674, respectively, and these values are statistically significant
at the 1% level, as shown in Table 4. This result indicates that the variables included in
the linear and nonlinear models have a cointegrating relationship.

Table 4 Bounds F-test for cointegration results

ARDL Model NARDL Model
F-Statistic Cointegration Status F-Statistic Cointegration Status
7.917%% Cointegrated 9.674%** Cointegrated
Asymptotic critical values for ARDL Model
10% 5% 1%
Pesaran et al. 1(0) I(1) 1(0) I(1) 1(0) I(1)
(2001), p. 300, 2.26 3.35 2.62 3.79 3.4 4.68
Table Cl(ii) Case Asymptotic critical values for NARDL Model
U 10% 5% 1%
1(0) (1) 1(0) I(1) 1(0) (1)
2.12 3.23 2.45 3.61 3.15 4.43

Notes: *** denofte statistical significance at 5% level.
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The Wald test results presented in Table 5 indicate that the corresponding p-value
of the Wald F-stafistic (Wwr) is above 0.05, indicating that the levels of public debt
and their positive and negative partial sum of square effects on economic growth
are equal in the long run. Furthermore, with a p-value of the F-statistic (= 0. 014) that
is less than 0.05, the Wald test results (Wsg) show an asymmetric relationship between
public debt and economic growth in Cote d'lvoire in the short run. This suggests that
the effects of rising and falling public debt levels on economic growth are different
in the short run.

Table 5 Long- and Short-Run Asymmetry Results

Test F-statistic P-value Decision
Wir 0.446 0.509 symmetric
Wsr 6.656** 0.014 asymmetric

Notes: Wir is long-run asymmetric test; WSRis short-run asymmetric test; ** signifies
significance at 5% level.

Table 6, Panels A and B, presents the long-run and short-run results, respectively,
for both ARDL and NARDL models.

Table 6 Results of long-run and short-run estimation

Dependent Variable is Y

Panel A: Long-Run Results

ARDL NARDL
Regressor Coefficient T-ratio [p-value] Coefficient T-ratio [p-value]
PD 0.014 0.578 [0.567] _ _
PD* . _ -0.077* -1.986 [-0.055]
PD~ . _ -0.063 -1.636 [0.110]
INV -0.012 -0.061 [0.952] -0.137 -0.741 [0.463]
GDS 0.671*** 2.957 [0.004] 0.469** 2.626 [0.013]
TO 0.075 0.835 [0.409] -0.050 -0.498 [0.622]
INF -0.491** -2.595 [0.014] -0.407** -2.339 [0.025]
Panel B: Short-Run Results
ARDL NARDL
Regressor Coefficient T-ratio [p-value] Coefficient T-ratio [p-value]
C -13.858*** -7.113 [0.000] 1.141* 2.012 [0.052]
APD -0.062 -1.324 [0.194] _ _
APD* _ _ 0.069 0.941 [0.353]
APD~ _ _ -0.311%** -4.726 [0.000]
AINV 1.024*** 4.876 10.000] 1.134%** 6.015 [0.000]
AGDS 0.59 1%+ 2.750 [0.009] 0.380** 2.618 [0.013]
ATO 0.066 0.866 [0.392] -0.041 -0.487 [0.629]
AINF -0.432** -2.688 [0.011] -0.330** -2.661 [0.012]
ECM(—1) -0.880*** -7.355 [0.000] -0.8171%** -8.871 [0.000]
Test Statistic ARDL NARDL
R- Squared 0.657 0.719
R-Bar-Squared 0.632 0.693
F-Statistic [Prob] 26.170 [0.000] 27.528 [0.000]
DW Statistic 2.069 2.175
Akaike info criterion 5.121 4.960
Schwarz info criterion 5.282 5.155

Notes: *, ** and *** denote statistical significance at 10%, 5% and 1% levels, respectively. _+
and _- denotes positive and negative shocks.

Estimation results for the symmetric ARDL regression model, presented in Table 6
(Panels A and B), provide no evidence of a significant impact of public debt on
economic growth, regardless of whether the analysis was conducted in the short run
or long run. Further, the NARDL results show that positive changes in public debt
(PD*) have a significant negative impact on economic growth, but only in the long

71




Croatian Review of Economic, Business and Social Statistics (CREBSS)

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) Vol. 9, No. 1, 2023, pp. 61-77

run. The findings imply that, on average, positive changes to public debt lead to
economic decline in the long run. Additionally, negative changes in public debtf,
signifying a downward debt trajectory, lead to economic growth in the short run only
and have no significant effect on economic growth in the long run. Thus, negative
changes in the public debt can serve to lessen the uncertainty in the business
climate, which will increase private, public, and foreign direct investments (see also,
International Monetary Fund, 2022b). In the main, the results show that GDP growth is
negatively associated with rising public debt levels and positively linked with falling
debt levels. Also, the results indicate that negative shocks in public debt have a
sfrong impact on economic growth in Cbte d'lvoire. Overall, based on these
findings, the analysis acknowledges the fact that the debt trajectory of Cote d'Ivoire
can be a critical factor in determining the country's future growth prospects. The
results are in line with earlier research by the International Monetary Fund (2022a) for
countries with a high initial debt level and an upward trajectory in debt over the past
five years, as well as Mosikari and Eita (2021) for Namibia.

In accordance with additional findings in Table 6 (Panels A and B) for ARDL and
NARDL models, the coefficient of investment is positive and statistically significant in
the short run, pointing to a positive impact of investment on economic growth in
Cote d'lvoire. The coefficient of savings in both ARDL and NARDL models is positive
and statistically significant, regardless of whether the estimation is carried out in the
long run or in the short run. These findings imply that savings have a significant role in
promoting economic growth in Céte d'lvoire. This result is consistent with the earlier
expectations made by the study and the underlying economic theory. Furthermore,
the results show that the coefficient of inflation in both ARDL and NARDL is negative
and statistically significant in both the long run and short run. This implies that
inflationary forces have a severe negative impact on the growth process of the
country. Confrary to expectations, both symmetric and asymmetric models found
the coefficient of frade openness to be statistically insignificant. Finally, in both ARDL
and NARDL models, the coefficients of the error term lagged by one period, ECM(1),
are negative, as anticipated, and statistically significant at the 1% level of
significance. According fo this, in the event of an economic shock, economic
growth would return to equilibrium at a rate of 88% and 81% per annum in the ARDL
and NARDL models, respectively.

In Table 6, the p-values of the computed F-statistic for the estimated ARDL and
NARDL models are less than the 1% significance level. This implies that the
coefficients are jointly significant, indicating that the sample data are sufficient to
support the conclusion that the two regression models adequately describe the
data. It is further confirmed that the regression models offer the best fit for the
observed data values by the adjusted R-square values of 63% and 69% for the ARDL
and NARDL models, respectively. Lastly, the Durbin-Watson values of 2.069 and 2.175
signify the absence of first-order autocorrelation.

The findings in Table 7 indicate that normality, heteroscedasticity, and
autocorrelation have p-values that are above 0.05, implying that the estimated
parameters in the two models are consistent and reliable. However, since the p-
value for the functional form in the ARDL model was found fto be statistically
significant at the 10% significance level, a NARDL model was also used in the
analysis.

The study also plofted the Cumulative Sum of Recursive Residuals (CUSUM) and
Cumulative Sum of Squares of Recursive Residuals (CUMUMSQ) for ARDL and NARDL
models to test for model stability, and the findings are shown in Figure 3. The CUSUM
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and CUSUMSQ graphs are within the bounds at a 5% significance level, implying that
all the models pass the stability test, confirming the consistency and reliability of the
estimated results.

Table 7 Diagnostic tests results

LM Statistics

ARDL

NARDL

Normality

2.813 [0.249]

4.441 [0.109]

Serial Correlation

0.118 [0.733]

0.886 [0.422]

Heteroscedasticity

1.158 [0.350]

1.108 [0.382]

Functional Form

3.306 [0.078]*

2.294 [0.139]

Notes: Normality test using the Jarque-Bera test; Serial correlation using the Lagrange
Multiplier test; Heteroscedasticity using the Breusch-Pagan-Godfrey test and Functional form;
the value in parenthesis is p-values. * Signifies significance at 10% level.
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Figure 3 Plot of CUSUM and CUSUMQ

The findings of the dynamic multipliers shown in Figure 4 support the existence of
an asymmetric impact of positive and negative shocks in total public debt on
economic growth in Cote d'lvoire. Figure 4 explicitly shows that economic growth
responds more quickly and strongly to negative shocks to public debt in the very
short run. Contrarily, economic growth responds only moderately to increases in
public debt. These findings support previous NARDL findings reported in Table 6
(Panels A and B).
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Figure 4 Plot of dynamic multiplier graph

Conclusions and policy implications

The study examined the symmetric and asymmetric impact of public debt on
economic growth in Coéte d'Ivoire based on a multivariate linear and nonlinear ARDL
model using fime series data spanning the years 1972 to 2021. The study also used
the Wald test for asymmetries, the Brock-Dechert-Scheinkman nonlinearity test, and
the ARDL and NARDL bounds test for cointegration. A review of country-based
literature revealed that Cote d'lvoire is a lower middle-income country that is sfill
dependent on commodity exports. The export structure makes the economy of Cote
d'lvoire highly susceptible to global shocks, such as adverse movements in
commodity and mineral prices. Three major economic phases were identified in
Cote d'lvoire: the 1960-1979 boom, the 1980-2003 crisis, and the 2004-2021 growth
and recovery era. These economic trajectories, along with the recent health crises
brought on by covid-19, significantly influenced the country's debt dynamics. In the
1980s and 1990s, debt stocks dramatically increased, forcing the government to take
many corrective actions, including seeking debt relief and rescheduling, as well as
implementing aggressive economic, trade, and financial reforms. The country
started to receive partial debt relief in 1998, and major debt relief followed between
the period 2002-2012. The country was categorised as being in moderate debt
distress in 2021, with the public debt as a proportion of GDP rising from 33.5% in 2017
to 53.5% in December 2021.

The ARDL and NARDL bounds cointegration test results indicated that the
variables in the two models had a long-run symmetric and asymmetric relationship.
The Wald test results revealed the existence of an asymmetric relationship between
public debt and economic growth in Cote d'lvoire in the short run and a symmetric
relationship in the long run. Estimation results for the symmetric ARDL regression
model provide no evidence of a statistically significant impact of public debt on
economic growth, regardless of whether the analysis was carried out in the short run
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or long run. The NARDL findings indicate that, on average, positive changes to public
debt lead to economic decline in the long run, while negative changes cause an
economic upturn in the short run. Negative changes in the public debt stock can
help to reduce the uncertainties in the business environment, which will boost
private, public, and foreign direct investments. The findings also show that GDP
growth responds rapidly and strongly to negative changes in public debt. In light of
the fact that rising public debt has a negative impact on the real economy, the
study advises the government of Céte d'lvoire to exercise caution in this regard. The
government should also continue implementing and enforcing prudent public
finance and debt management measures to maintain the increase in public debt
within manageable bounds and to boost domestic savings. In order to keep the
country on its optimal growth path, inflationary pressures must also be kept within
control.
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