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Abstract:  

This article aims to study the impact of technological innovation on the growth of 

small and medium-sized enterprises (SMEs) in the non-hydrocarbon sector in Algeria. To 

do this, we conducted an empirical study based on production function estimation, 

highlighting the role of innovation and endogenous technological progress. The results of 

our study show that production factors, in this case innovation, exert positive externalities, 

but with a weak impact on overall productivity. The study recommends to promote an 

inclusive national innovation system, adopt digital technologies to support SME growth, 

and develop synergies through the expansion of the non-hydrocarbon sector market. 
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I- Introduction:  

              Referring to economic theory, we deduce that innovation and technical progress 

are at the heart of growth. The so-called « neoclassical » theory, supported by the Solow 

Swan model, asserts that a stable economic growth rate depends on the factors of 

production, namely: labor, capital, and exogenous technical progress. 

In the extension of classical research work, we note the reappearance of the role of 

innovation, and a certain sense of reconciliation between contemporary analysis and 

Schumpeterian innovation. Thus, the diversification of inputs, the taking into account of 

externalities, technological innovation (Romer, 1990), creative destruction (Aghion and 

Howitt, 1998), seem to play a preponderant role in the attempt to unify the growth of 

companies. 

Such theoretical propositions are, in practice, well founded and a significant number 

of industrialized countries have today made massive transformations in their economies. 

Mainly based on small and medium-sized enterprises and startups. The economic growth of 

these countries is facilitated by the creation of new more productive jobs; mainly urban 

economic activities. "On a global scale, the sectors where employment has grown the most 

in recent decades are all related to non-market (public) services but especially to many 

market services" (International Labor Organization, 2019). Thus, successful growth in 

production implies the transfer of resources within industrial activities with low 

productivity to those with higher productivity. 

In this sense, economic policies in favor of innovation and entrepreneurship allow a 

better reorientation of resources to companies that carry out innovative projects and can 

play an important role in creating extensions towards a wider range of higher quality goods 

and services. Thus, investing in innovation increases the capabilities of companies. 

According to recent reports from (OECD and WTO, 2019), “Product and process 

innovation can help firms diversify by reducing production costs and freeing up resources 

that could be redirected to innovative activities.” 

Following the awareness of the difficulties surrounding the Algerian economic model, 

in terms of growth and innovation, the implementation of an economic recovery plan, 

activating the lever of the non-hydrocarbon sector, has become essential. In this sense, 

economic growth in this sector is an inevitable solution to multiply sources of income and 

make the economy less dependent on imports. 

In this context, the Algerian government's actions are increasing through support 

mechanisms for the production of non-hydrocarbon companies, at all levels, from the 

creation of the company to its maturity phase. The measures taken by the public authorities 

have resulted in "significant reductions in taxes, ease of access to credit, not to mention the 

various support mechanisms for the creation of startups such as ASF" (Ministry of Industry 

and Mines, 2020). 
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This is how the problem of this article is structured around the central question which 

is the following: "To what extent does technological innovation have a positive effect on 

the growth of the non-hydrocarbon sector in Algeria? 

Two main hypotheses will be verified: 

• H1: The interaction of production factors generates positive externalities on the non-

hydrocarbon growth of Algerian SMEs; 

• H2: Innovation exerts an intertemporal carryover effect on the productivity of 

SMEs, but its pace is insufficient to stimulate the overall productivity of production factors. 

In order to address the problem and support or refute the hypotheses, we adopted an 

analytical approach to cover both the theoretical and empirical aspects of our study. Thus, 

within the framework of this article, we will attempt to empirically analyze the implication 

of innovation in the growth of non-hydrocarbon SMEs in Algeria through the advances of 

the theoretical review. It is a current analytical approach that allows us to expose the 

evolution of the non-hydrocarbon sector by researching, at the same time, the contributions 

of the internal factors of the production of non-hydrocarbon companies, and the 

determinants inherent to this growth. 

In order to define the theme of this work, we have divided this article into three main 

sections: 

• The first section will present the literature review on growth theories and their 

contributions to innovation and technical progress in businesses. 

• The second section will analyze the main determinants of growth in SMEs in the 

non-hydrocarbon sector in Algeria. We will focus our analysis on changes in value added, 

job creation, and labor productivity. 

• The third section presents the empirical results from the estimation of the production 

function. Thus, endogenous growth models will be the subject of our reference framework. 

Finally, the combination of theoretical and empirical approaches will allow us to draw 

interesting conclusions concerning the effect of production factors and innovation on the 

non-hydrocarbon added values of Algerian SMEs. 

 

1. Literature review 

For a long time, researchers' adherence to the assumptions of the Walrasian model 

hampered the analysis of the effects of technical progress in a capitalist context. For 

example, in Solow-type models (1956), economic growth is limited due to the absence of 

innovation, the assumption of diminishing marginal returns to capital, and exogenous 

technical progress. However, a gradual break with the Walrasian paradigm made it possible, 

during the 1990s, to consider technological change as an endogenous source of growth in 

industrial economies. So-called "endogenous growth" models thus consider technical 

progress as the result of knowledge production that can accumulate over time. The majority 

of these endogenous growth models, based on the postulate of full employment, therefore 

focused solely on the distribution of resources between production and research activities. 

Furthermore, they consider knowledge as strictly cumulative and not subject to 

obsolescence. This approach contrasts with some more nuanced formalisms, which 

recognize that certain innovations can render old processes and production lines obsolete, 

thus affecting the skills of employees. Indeed, the emergence of a disruptive innovation can 
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devalue previous know-how by profoundly changing the conditions in which activities are 

carried out (Aghion and Howitt, 1993, 1998). Thus, innovation plays a dual role, both 

creative and destructive. The decline in employment can result either from an inability to 

innovate or from excessive innovation, which eliminates more old skills than it creates new 

jobs. Public authorities could then intervene to encourage this pace, in particular through 

tax measures, subsidies or by structuring the interactions between fundamental research, 

applied research and economic activity. 

One of the major contributions of endogenous growth theories lies in highlighting the 

diversity of channels through which externalities promote growth. While these theories are 

based on the central hypothesis of a constant return on at least one accumulable factor 

(Guellec and Ralle, 1995), this hypothesis can be expressed in several forms. Some 

researchers emphasize the role of productive capital as a vector of technological 

externalities (De Long and Summers, 1992), while others emphasize externalities linked to 

the accumulation of knowledge (Romer, 1990). Still others highlight the location effects of 

innovation clusters or increasing returns to scale (Krugman, 1992). Furthermore, some 

authors favour the improvement of product quality as a means of maintaining a rent in an 

oligopoly situation (Grossman and Helpman, 1991), or the impact of public infrastructure, 

whether in transport, education, research, telecommunications, the protection of intellectual 

property, or the solidity of financial markets (Aschauer, 1989). Finally, it is worth 

mentioning the essential role of training and the accumulation of human capital (Lucas, 

1988), as well as the learning effects linked to production (Lucas, 1993). 

The approach we favor will highlight the models that emphasize the central role of 

human capital in the dynamics of innovation (Lucas, 1988), those that consider innovation 

as an expansion of the variety of intermediate and final goods (Romer, 1990, 1991), or even 

as an improvement in the quality of existing products (Aghion and Howitt, 1992). 

Lucas's (1988) work highlights a strong correlation between the average level of 

human capital and the productivity of production factors, as (Muet, 1994) points out. In this 

model, the marginal productivity of capital increases with the ratio of human capital to 

physical capital. In the presence of externalities, it also increases with the absolute level of 

human capital formation. It follows that countries with high human capital are likely to 

generate significant positive external effects linked to the individual accumulation of this 

capital.   

Amable and Guellec (1992) particularly emphasize the fact that the introduction of 

variables such as human capital or knowledge allows us to overcome certain limitations of 

traditional neoclassical analyses. Indeed, unlike physical capital, the accumulation of which 

is subject to diminishing returns, knowledge per capita can grow unlimitedly, and its 

accumulation does not depend directly on the level of production. In this framework, 

technical progress results mainly from the accumulation of knowledge. 

Romer (1990) states that a large part of accumulated knowledge, as well as the 

informational externalities associated with its dissemination, comes from the research and 
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development (R&D) effort of companies. Thus, the increase in human capital dedicated to 

R&D, just like that of the overall stock of knowledge, contributes to increasing the 

productivity of researchers. In the long term, economic growth depends in part on the 

capacity of R&D activities, both public and private, to effectively mobilize their human 

capital and knowledge resources to generate technical progress. 

At a more global level, this process of knowledge expansion has an inter-temporal 

character, due to the irreversibility inherent in the accumulation of knowledge. Thus, in 

light of different theoretical approaches, a close link seems to emerge between the level of 

human capital, the quantity of knowledge and R&D productivity. That means, although this 

link is fundamental, is not sufficient on its own to explain the sustained growth in total 

factor productivity observed during this century. 

Since knowledge can accumulate without limit, the returns associated with R&D can 

increase over time. At the macroeconomic level, growth then results from the diffusion of 

innovation throughout the economy, which triggers a dynamic knowledge accumulation and 

a continuous expansion of technological fields. Indeed, not only does the emergence of new 

activities and production methods constantly renew the industrial fabric, but each 

innovation also contributes to enriching the overall stock of knowledge, thereby increasing 

the average human capital and the productivity of researchers and economic agents. 

However, Romer makes the restrictive assumption that the introduction of new 

intermediate goods has no impact on the production of the firms that use them. In reality, it 

is often necessary to recognize that product diversification can lead to negative externalities 

related to the diffusion of innovation. In a Schumpeterian approach, Aghion and Howitt 

(1998) suggest that improving the quality of existing products can reduce, or even 

eliminate, the monopoly rents enjoyed by dominant firms. Thus, the positive effects of 

R&D on growth must be put into perspective: the impact of innovation depends largely on 

how the new technology influences, for example in terms of employment, the productivity 

and profitability of existing activities (Bouabdellah, 1997). 

Furthermore, several studies show that innovation in large companies is mainly oriented 

towards so-called "business" innovations, in line with the strategic refocusing carried out in 

recent years. Thus, these large structures often choose to entrust R&D Furthermore, several 

studies show that innovation in large companies is mainly oriented towards so-called 

"business" innovations, in line with the strategic refocusing carried out in recent years. 

Thus, these large structures often choose to entrust R&D programs that do not fall within 

their core competencies to external entities, in particular to specialized SMEs. The latter 

have specialized know-how, but it is too costly to maintain internally on a permanent basis 

within large firms (Sessi, 1998). 

There are several methods for assessing innovation capacity. This can be measured 

through the level of investment in research and development (R&D), as suggested by 

(Huang and Liu, 2005) and (Raymond et al. 2013), or by the number of patent applications 

filed, according to (Kleis et al. 2012). Although these indicators are sometimes used in 

studies on SMEs, they often prove unsuitable for the smallest of them. Indeed, the latter 

tend to formalize their innovation approaches to a limited extent, even though they can 

develop a real ability to design and implement innovations (Forsman, 2011). 
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Three broad categories can be distinguished in the literature on innovation in SMEs, as 

pioneered by (Oke et al., 2004).  

The first focuses on the entrepreneurial characteristics of owner-managers and their 

behavior in relation to innovation decisions made within their firms (Cosh and Hughes, 

2000); (Kickul and Gundry, 2002). These studies highlight the central role of the 

entrepreneur or innovator in the success of innovation initiatives within small and medium-

sized enterprises. 

The second category of studies examines the importance of innovation in SMEs, their 

contribution to economic growth, and the associated public policy issues. According to 

(Henderson, 2002) and other authors, SMEs actively participate in job creation, enrichment 

of local communities, and promotion of industrial and economic development through the 

development of local resources, the production of intermediate goods, and their transfer. 

Some researchers, such as (Hadjimanolis, 1999) and (Oyefuga et al. 2008), have also 

highlighted the role of public policies and support programs in strengthening the innovation 

and productivity capacities of SMEs. 

Finally, the third stream of research focuses on how SMEs concretely organize and 

manage the innovation process, particularly the development of new products and services. 

Studies conducted in developed countries (Motwani et al., 1999); (Oliver et al., 2000); 

(Keizer et al., 2002) as well as in developing countries (Sikka, 1999) illustrate the 

approaches and practices adopted by small firms in terms of innovation management. 

 

2. Determinants of growth in the non-hydrocarbon sector in Algeria: some 

measurement indicators. 

The growth of SMEs is characterized, according to statistics from the Algerian 

Ministry of Industry (2023)1, by a considerable increase in the non-hydrocarbon private 

sector in the overall number of SMEs. Indeed, at the end of 2022, the cumulative number of 

this type of company is estimated at 1.356.2092 SMEs. As for the sectors of activity, most 

of these structures are concentrated in the service sectors, construction, agriculture and 

industry. 

Through this section, we will simply study the main determinants of the growth of 

these private SMEs and their implications in terms of productive efficiency. 

We will mainly examine the following quantitative indicators: 

• Growth rate of value added of private non-hydrocarbon SMEs 

• Employment growth rate 

• Average and marginal labor productivity. 

 

2.1. Growth in added value in the non-hydrocarbon sector 

                                                 
1 Statistical Information Bulletin of the Ministry of Industry and Pharmaceutical Production, No. 42. Pages 6. 
2 This number is obtained after subtracting the number of SMEs operating in the hydrocarbons, energy, 

mining and related services sectors. 
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According to official statistics, in 2021, the share of the non-hydrocarbon private 

sector in the overall value added was 10334.13 billion DA, or a share of 87.87%. 

A reading of the statistics, relating to the evolution of non-hydrocarbon value added, 

highlights the significant participation of private SMEs operating in the various economic 

sectors, while the value added of public SMEs represents only a marginal share (see Table 

01 below). 

Table 01:  

Evolution of private/public added value and by sector of activity between 2001 and 2022 in (%). 

Source: Ministry of Industry Statistical Information Bulletin No. 42, April 2023 

VA: Value Added. 

The "Services" sector includes transportation and communications, as well as services provided to businesses. 

The "Industry" sector includes the agri-food industry, as well as the leather and footwear industry. 

Considering the added value created by the non-hydrocarbon sector as a key 

determinant of SME growth, we attribute a large share to private SMEs, compared to the 

public sector (Gana and Hani, 2023, p.709). Indeed, if we consider the period 2017-2021, 

the share of value added in the private sector exceeds 89%, compared to 11% for the public 

sector. This evolution of the SME population is the result of an institutional and economic 

policy choice initiated since the 2000s. 

Indeed, to reduce dependence on hydrocarbons, the privatization process has certainly 

allowed an attractive and favorable environment for entrepreneurship and the private sector. 

 Thus, in 2001, Algeria adopted a new code relating to the development of private 

investment in which economic growth was considered a priority to support employment and 

diversification. This orientation gave rise to the creation of several investment organizations 

and funds, for example: National Agency for Investment Development (ANDI), National 

Investment Council (CNI), National Agency for Youth Employment Support (ANSEJ)…. 

In terms of financial support for businesses, several specific funds have been 

established to support the supervision of businesses in the growth process, namely: Special 

Fund for the Development of Southern Regions; Special Fund for the Economic 

Development of the High Plateaux; Agricultural Regulation and Development Fund 

(FRDA), Algerian Startup Support Fund (ASF)…etc. 
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Within the meaning of these provisions, private investments, whether national or 

foreign, benefit by right from the guarantees provided for by the laws and regulations in 

force, with advantages (tax, parafiscal and customs incentives) within the framework of a 

general and exceptional regime. 

 

2.2. Evolution of the growth rate of added value compared to the growth rate of 

employment. 

To better illustrate this comparison between the growth rate of employment and that 

of added value, we propose the following graph 1: 

 

Chart 1: Comparison between the evolution of growth rates of value added and employment (period 

2001-2022). 
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Source: graph produced by ourselves (statistical data from the ONS and Ministry of Industry). 

 

The evolution of the growth rate of added value and that of employment, indicated in 

the previous graph 1, shows that they have progressed in an irregular manner with a 

downward trend (notably over the period 2001 to 2009). This evolution, according to 

previous work developed by (Bouklia-Hassane & Talahite, 2008); (Boutaleb, 2012), is 

mainly linked to "the expansion of non-permanent employment, revealing a greater 

precariousness of employment and by the fact that growth comes from low-productivity 

sectors which produce non-tradable goods and without notable effects on total value 

added". During the period 2010/2021, we note the stability of the two quantities with a 

small gap, except for the COVID19 period where all sectors of economic activity 

experienced major contractions (Beladjine, 2023, p.157). To best illustrate these 

progressions, we will attempt in the following to study the evolution of employment 

productivity. 

 

2.3. Average and marginal productivity of employment in the non-

hydrocarbon sector 

The following graph represents the average and marginal productivies respectively of the 

production factor labor.  
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Chart 2: Average and marginal productivity of employment. 

Source: Produced by us using data from ANDI and CNAS and the Statistical Bulletins of the Ministry of 

Industry, between 2001 and 2024. 

AV: Added value 

L: Labor 

• (AV/L): Represents labor productivity, which is measured by the ratio between the value added produced 

and the quantity of labor used. 

• (ΔAV/ΔL): Represents the marginal productivity of labor, which indicates the expected profitability that 

hiring an additional employee would bring. 

The results of our calculations show that average productivity has evolved 

disproportionately for the five sectors of economic activity covered by our study. For the 

period 2001-2024, we note the following observations: 

• Productivity in the transport, construction, industry, services, and agriculture sectors 

experienced uneven growth, by 29.3%, 11.4%, 1.9%, 5.7%, and 45.8%, respectively. 

Productivity in the industry sector declined from an average of 2.3% during the 2002/2005 

period to 1.1% between 2014 and 2017, and reached an average of 1.9% between 2021 and 

2024 (our calculations). The other four sectors (transport, construction, services, and 

agriculture) experienced uneven growth in labor productivity average throughout the study 

period, with significant fluctuations in the agricultural sector. These findings confirm the 

unevenness of employment generated. 

Regarding marginal productivity, we note that it is lower than average productivity 

and this according to the periods studied. This result shows that each unit of added value 

created, following an additional job, progresses at a decreasing rate. This observation 

requires further investigation to deduce the causes. To this end, we have put forward two 

main postulates: 

1. Innovation and technical progress are poorly endowed in the non-hydrocarbon economic 

sector, which has led to a gradual decline in SME productivity gains; 

2. Production factors interact weakly, which has generated diminishing returns to scale. 

For a more detailed analysis of these propositions, we conducted an empirical study 

based on the estimation of the production function of non-hydrocarbon SMEs in Algeria. 

This estimation is carried out according to the theoretical propositions we mentioned 
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previously. More specifically, the aim is to deepen the analysis of the empirical results by 

drawing inspiration from the principles of endogenous growth theory, attributed to the 

Romer, Aghion, and Howitt models. These advances will be the subject of our analysis, 

which will be developed in the following section 3. 

 

3. The Production Function of SMEs excluding hydrocarbons: Empirical Estimation 

During the 1990s, the emergence of theories of endogenous technological progress 

rekindled debates on economic policy, while stimulating research in applied economics, 

particularly on innovation issues. The results of this work provide valuable insights to guide 

choices in education, research, and innovation policy. It is noteworthy, therefore, that the 

research developed by (Stiglitz, 1977), (Ethier, 1982), and (Romer, 1990) modeled the 

hypothesis that production uses several intermediate goods. 

Taking these theoretical extensions into account, this section focuses on three key points: 

 Presentation of the production function with several intermediate goods, in which factors 

of production and innovation are heavily incorporated ; 

 Presentation of the creative destruction model approach, as well as its contributions to 

innovation and technological progress ; 

 Empirical estimation of the production function of Algerian SMEs, taking into account 

theoretical advances in endogenous growth models. 

3.1. The Production Function with Multiple Intermediate Goods 

The theoretical modeling of the production function of firm "i" proposed, within the 

framework of the intermediate product diversification model (endogenous growth model), 

can be presented in the form of an additive function, as follows: 

 

 
With; 

: the quantity produced of good i 

: the quantity of labor used to produce good i 

: the quantity used of the jth intermediate good 

: a coefficient between 0 and 1 

N: the number of goods produced. 

This production function indicates that if there is only one production good, we then find 

the usual Cobb-Douglas type production function, the production factor "capital" is then 

incorporated into the only production good used in quantity , i.e.: 

 

 
When the number of production goods is equal to two (N=2), we will have: 
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According to the results from the theoretical resolution of this type of model, the 

defenders of the theory of endogenous growth, with Romer, show that in equilibrium, the 

price is constant over time and is identical for all intermediate goods. This implies that the 

quantity produced of each good is the same, i.e.: 

 
This reasoning explicitly implies that if we had a quantity of capital K, it would be 

equal to N . The production function initially presented by the Cobb-Douglas form is 

written as follows: 

 
 

With, 

 

 
Hence; 

 

 
 

This founding model presents several unique features : 

 The production of a new good is assumed to incorporate a given amount of new 

technology ; 

 It is the research sector that enables the discovery of new intermediate products ; 

 Companies that prioritize the research sector find new innovative ideas and increase 

the number of available intermediate goods, thereby ensuring production 

diversification. 

According to this type of model, technology increases at the following rate : 

 

 
Or, 

δ: Parameter that reflects the efficiency of the technology; 

H: Represents the share of human capital devoted to improving the technology. Given that 

the aggregate quantity of human capital, in this type of model, is available in a fixed 

quantity; 

N: Represents the number of production goods. 

Based on the initial postulate proposed, in the wake of this model, it appears that the 

cost of inventing a new product is a decreasing function of the accumulation of knowledge 

in the company. This accumulation is perhaps represented by the parameter N. Indeed, the 
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model considers knowledge as "non-rival"3 and "non-exclusive"4, and each unit of capital 

"H" involved in research can use the knowledge of other researchers and of all previous 

periods. 

3.2. Growth models with creative destruction 

Drawing inspiration from Romer's model and Schumpeterian theory, Aghion and 

Howitt (1998) focused their work not on deepening the specialization of goods, but on 

improving their intrinsic nature. 

Their model has three sectors of activity, with the same characteristics as Romer's. 

However, they differ in at least two respects: 

 Technical progress manifests itself through an increase in the intrinsic quality of 

intermediate products, or the number of these products available on the market is finite. 

The innovation process then makes it possible to renew goods within the range of 

intermediate products and lower their cost permanently and cumulatively ; 

 The model recognizes the existence of innovation with a negative carryover effect 

resulting from dissipation or rent theft (the "business stealing effect"), which is similar to 

"creative destruction" : monopolists who have acquired the exploitation rights to an 

innovation are dispossessed of their quasi-rent as soon as the next innovation appears, 

the exclusivity of which is granted to a new and successful innovator. Thus, innovation 

substitutes a new rent for the old one, which it destroys. Technical progress thus has a 

"destructive" aspect: it renders previously discovered production techniques and 

processes, as well as intermediate products, obsolete. 

Beyond these peculiarities, the general structure of the Aghion and Howitt type model is 

essentially similar to that of the Romer model that we explained previously. 

3.3. Effects of Factor Productivity on the Non-Hydrocarbon Value Added of 

Algerian Companies: An Empirical Study 

After providing a theoretical overview of the Cobb-Douglas production function based on 

the concepts of Romer and Aghion and Howitt, in this section we will conduct an empirical 

study of the growth in value added of non-hydrocarbon SMEs over a 24-year period (2001-

2024).  

The different series of the model were constructed from a combination of data drawn from 

the National Statistics Office (NSO) database, supplemented by simulations covering recent 

periods (2022–2024). These simulations were carried out on the basis of growth rates 

applied to values already observed in previous years, provided by staff of the Ministry of 

SMEs following a survey conducted among these departments. 

                                                 
3 Non-rivalry of knowledge means that its use by one firm or researcher does not exclude its use by another 

researcher. 
4 Non-exclusivity of knowledge means that it is accessible and free of cost. 
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With regard to the number of patents, missing data were identified in the database of the 

World Intellectual Property Organization (WIPO); these were supplemented with simulated 

values calculated directly by the staff of that organization. 

 

The estimated and statistically validated production function can be written as follows: 

 

NHAVi= A.Li
1-α    

With; 

NHAVi: represents the non-hydrocarbon added value of Algerian companies 

Li: indicates the amount of labor involved in generating added value 

∝: is a positive parameter 

K: measures the amount of capital. 

The statistical data series was introduced on the Eviews 10 software and we carried 

out the regression of the production factors (capital, labor and technical progress) on the 

non-hydrocarbon added values using the OLS method. Based on the different hypothesis 

tests and moving from an estimation of a non-linear model to a reliable conclusion 

regarding the effect of the productivity of production factors on the non-hydrocarbon added 

value of Algerian SMEs, the results of our model are shown in Table 3 below: 

 

 

 

Table 03: Estimation of the Log-linear model 

 
 Source: Eviews 10 software releases. 

 

The estimation of the model by the OLS method, after the logarithmic transformation, 

shows that the probabilities assigned to each coefficient, according to the individual Student 

test, are all higher than the 5% risk threshold (see the table above). Therefore, innovation 

and the overall productivity of production factors (labor and capital respectively) have a 

significant and positive effect on the non-hydrocarbon added value of Algerian SMEs. 

 

 

The estimation of the different parameters taken from the previous table 3 also allows 

us to present the production function, according to the following form: 
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Among the reliability tests of statistical models are those related to the autocorrelation of 

errors and heteroskedasticity. In this regard, the Breusch–Godfrey test and the White test 

made it possible to highlight these two problems, respectively. 

 The Breusch–Godfrey test   

Since the data are annual, we test for second-order autocorrelation, as an order higher than 

two years does not seem justified. We therefore estimate the following model under the 

hypothesis H0 : = =……….= =0 

 = . 

 

t = 17,33+ 0,4325 + 0,0369 -0,560 + 0,447  

 

With: R2 = 0,16 and n=22 (because we lost two observations due to the shift).  

(2) = 5,990,16=3,52<= 22×  2LM= n×R 

Given that the LM statistic is lower than the critical Khi-deux value from the table, it 

follows that the errors do not exhibit autocorrelation. 

 

 The White test  

The estimation of the following intermediate relationship was used to test for the possible 

existence of heteroskedasticity in the errors. 

 

=  +  

 

= -56,43 +  

 

With: n=24 and R2 = 0,14 

LM= n× R2 = 24×0,14= 3,36< (2) = 5,99 

 

 

We are led to accept the null hypothesis H₀ ; therefore, the errors are homoskedastic. 

 

After performing the test of returns to scale, we conclude that the model is statistically 

validated at this stage. 

 

 Test of returns to scale 

 

By fixing β= 1-α, we deduce, according to the value of the estimated coefficients, that: 

 

α + β= 0.82 < 1. 
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Therefore, the left-tailed test is necessary to show the type of returns to scale and we test 

the following hypotheses: 

 

    :  α + β =10H             

 

      VS 

:  α + β <11H               

 

 

Student's t calculated under H0 is equal to: 

 

 
 

Referring to Table 2 below, relating to the variance-covariance matrix of the coefficients, 

we deduce Student's t as follows: 

Table 02: Returns to scale test 

 Source : Sorties du logiciel Eviews 10. 

 

The variance equation can be presented in its usual mathematical form, namely: 

 

 
= 0.000479 + 0.001261+ (2  

= 0.001774. 

 
 

 
 

-4.273626   

 

We have a 1% chance of wrongly rejecting hypothesis H0. We can therefore consider the 

returns to scale as significantly decreasing. 

3.4. Statistical and economic analysis of the results 
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Our empirical study aims to determine whether innovation and total factor 

productivity have an impact on the value-added growth of Algerian SMEs operating in non-

hydrocarbon sectors. 

On the one hand, the significance of the nonlinear regression of the exogenous 

variables on the endogenous variable demonstrates the existence of a positive relationship 

between these variables; in other words, innovation and factors of production boost 

economic growth, which validates our first research hypothesis. However, the R2, which is 

equal to 73%, shows that other factors, such as human capital, the banking sector (public 

and external debt), foreign trade, research and development spending, FDI, and so on, 

account for 27% of the economic growth of non-hydrocarbon companies. 

On the other hand, the left-sided test of constant returns to scale led us to conclude 

that returns are diminishing, meaning that non-hydrocarbon value added increases less than 

production factors and, more specifically, less than the pace of innovation. This result is 

consistent with one of the theoretical principles discussed in endogenous growth models: 

technological innovations by firms can exert a negative dissipation or externality effect on 

growth. However, in the case of Algerian SMEs, we make the following observations: 

In Algeria, the share of research and development expenditures in GDP is moderately 

low, although they have been increasing fairly rapidly in recent years. This low share is 

largely explained by the private sector's weakness in research and development investment. 

 

Access to bank financing for SMEs remains difficult, and the authorities have 

established guarantee funds such as the SME Credit Guarantee Fund (FGAR) and the SME 

Credit and Investment Guarantee Fund (CGCI). Furthermore, for business loans intended 

for investment, the State has introduced preferential rates (3.5% instead of 5.5%), with 

loans granted under this framework having been increased from 5 to 7 years with a grace 

period of 2 to 3 years, and may reach 15 years with a grace period of 5 years. The public 

authorities have also included, in the 2012 Finance Act, support for SMEs in financial 

difficulty by restructuring their debts and having the Treasury cover the financial costs and 

interest related to their debts. In addition, businesses will be able to benefit from hedging 

their foreign exchange risk, and tax breaks are planned for SMEs in the southern regions. 

 

 

 

General conclusion 

In this article, we focus on the growth of Algerian SMEs operating in the non-

hydrocarbon sector. This growth is analyzed, first, through a theoretical analysis, then 

through an empirical estimation. 

Theoretical analysis has revealed that the study of economic growth of companies is 

enriching, particularly in identifying the importance of technical progress, research and 

development and innovation and their implications in the creation of economic wealth. We 
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therefore deduce the interest represented by the appearance at the end of the 1980s of the 

so-called "endogenous growth" current which, still in a context of unification of the growth 

of companies, attempted to explain the methods of implementation of technological 

innovations in the context of increasing returns to scale. A second important aspect of the 

contemporary economic theory of endogenous growth seems to be clearly marked by the 

return to Schumpeter: Innovation, creative destruction, patents and innovation clusters are 

all parameters that appear to be incorporated into recent research work by economists. 

The empirical part of our article perfectly complements the theoretical models, by 

examining both the determinants of SME growth and the overall productivity of production 

factors. This investigative approach led us to carry out an empirical estimation, through the 

estimation of a Cobb-Douglas type production function, over a period of 24 years (2001-

2024), to identify the main determinants that could stimulate the growth of Algerian SMEs 

outside the hydrocarbon sector. The results of our estimations have sufficiently enlightened 

us on a certain number of shortcomings concerning: the technical efficiency of production 

factors, the integration of technical progress and innovation within this category of 

companies: 

On the one hand, the non-linear regression of production factors on the added values 

of SMEs in our sample reveals the existence of a positive relationship. This result confirms 

the existence of a positive externality of innovation on total factor productivity. However, 

these externalities are insufficient to maintain stable labor and employment productivity 

over a long period. 

On the other hand, the one-sided test showed that the added values of SMEs evolve 

according to decreasing returns to scale, which could be interpreted by the low impact of 

technological innovations on the total productivity of production factors. This result 

confirms our initial hypothesis, but also suggests a number of recommendations. Thus, on 

the economic level, it is recommended to strengthen the innovation capacities of SMEs 

through the following essential levers of action: 

• Promoting an inclusive national innovation system 

Promoting a high-performing innovation ecosystem that is accessible to all SMEs, 

regardless of their sector, is more than essential. This involves strengthening knowledge 

exchange among stakeholders (businesses, universities, research centers, funding bodies, 

etc.) through mechanisms such as collaborative research, incubators, competitiveness 

clusters, and technology transfer services. 

Building a national innovation system tailored to Algerian SMEs is an effective approach, 

both for existing enterprises and for new ventures seeking to enter the national market, 

while also enabling them to compete globally in the era of globalization. To this end, 

various economic actors—such as banks, ministries, large companies, research centers, and 

incubators—are called upon to contribute. Today, this entrepreneurial drive is closely 

linked to the digital and technological sphere, within an environment where Information 

and Communication Technologies (ICT) have become indispensable in every economic 

setting. 
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• Supporting the growth of non-hydrocarbon SMEs through the integration of digital 

technology 

Digital transformation can support non-hydrocarbon SMEs, notably through the creation of 

their own digital platforms and knowledge sharing. Indeed, when adapted to the specific 

characteristics of the SMEs concerned, digital technologies are a source of positive 

externalities. These may arise from two distinct mechanisms. The first is the existence of 

complementarities between existing economic activities. The second mechanism stems 

from knowledge diffusion, also referred to as learning by doing, from which other firms 

benefit through the circulation of information. 

 

• Encouraging the use of intellectual property 

It is crucial to encourage SMEs to protect and leverage their innovations by increasing 

awareness of the various intellectual property rights. This can be achieved through training, 

simplified procedures, more affordable fee structures, and improved legal remedies. 

 

• Developing synergies through the expansion of the non-hydrocarbon SME market 

Algeria has enormous potential across many economic sectors. In this regard, Algerian 

SMEs could consider expanding their product range by developing synergies and 

innovative projects through the creation of competitiveness clusters. Indeed, market 

expansion will have a positive effect not only on income levels and well-being, but also on 

the growth rate of the non-hydrocarbon economic sector. A larger market allows for greater 

research opportunities and positive technological externalities, leading to faster growth. 
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