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Intangibles refer to capitals like machinery or structures, in the
sense that creating them requires foregoing consumption today
(investment) to achieve more output in the future. However,
unlike machinery or structures, intangibles lack a physical
presence. This type of investment has had a significant impact
on increasing productivity for industries in Iran. On the other
hand, since small and medium industries make up more than
80% of all industries, the effect of this type of investment on
the TFP of these industries is of paramount importance. To
measure intangible investment, the CHS approach has been
used for both groups of different sizes. Therefore, in this study,
we have tried to examine the effect of intangible investment on
increasing the productivity of these industries. The results for
industries with a four-digit ISIC code during the years 1996 to
2021 show that intangible investment not only positively
affects the TFP of small and medium enterprises, but also that
this effect is significantly larger than that for large enterprises.
In general, intangible investment positively affects increasing
TFP in all industries. Furthermore, the size of industries and
companies has a decisive role on the degree of influence of
intangible investment on TFP. Hence, for reaching the highest
productivity, it is recommended to focus intangible investment
on SMEs.
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1. Introduction

S mall and medium-sized enterprises (SMEs) or small and medium-sized
businesses (SMBs) are businesses whose personnel and revenue numbers fall
under certain limits. The abbreviation "SME" is used by international
organizations such as the World Bank, the European Union, the United
Nations, and the World Trade Organization (WTQO). SMEs currently account
for a significant share of GDP. The results of Ayyagari et al. (2007) show
that in high-income countries formal SMEs contribute to 50% of GDP (gross
domestic product) on average. Furthermore, in many economies the majority
of jobs are provided by SMEs. For example, in OECD countries, SMEs with
less than 250 employees employ two-thirds of the formal work force (Beck
et al., 2008b; Dietrich, 2010). In any given national economy, SMEs
sometimes outnumber large companies by a wide margin and employ many
more people (Fischer & Reuber, 2000; Olorunshola Odeyemi, 2021). For
instance, Australian SMEs makeup 98% of all Australian businesses,
produce one-third of the total GDP and employ 4.7 million people. In Chile,
in the commercial year 2014, 98.5% of the firms were classified as SMEs
(OECD, 2018). In Tunisia, the self-employed workers alone account for
about 28% of the total non-farm employment, and firms with fewer than 100
employees account for about 62% of total employment (Rijkerset al., 2014).
The United States' SMEs generate half of all U.S. jobs, but only 40% of
GDP (CAFC, 2014).

Considered altogether, firm-level productivity depends on a variety of
factors, including the enterprise’s size and sector of activity. While larger
firms tend to be more productive than smaller ones, productivity in smaller
firms may benefit from the intensive use of information and communication
technologies (ICT), digital tools, and innovations, particularly in new or
younger firms. Obviously, other factors such as human investment (e.g.
workforce skills, management skills) also explain differences in productivity
across firms, but these factors fall outside the scope of this publication
(OECD Compendium of Productivity Indicators, 2021). In Iran, 7 to 9
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percent of the GDP depends on the activities of SMEs, and 60 percent of the
country's employment is accounted for the activities of such units. Iran's
economy is largely determined by government and semi-government

institutions and companies, controlling more than v0% of the country's

economy, especially the activities related to the extraction, refining and
trading of crude oil, oil products, and natural gas, providing about 80% of
the export income and about 40-50% of the government budget. Currently in
Iran, 94% of industrial units include SMEs. These industries account for
43% of industrial jobs. Therefore, identifying the effective factors on
increasing productivity in SME is one of the important concepts to evaluate
the economic growth of any country. According to the results of the studies
by Jahangard et al. (2022), one of the emerging factors with a significant
impact on the productivity of industries in Iran is intangible investment.
Haskel (2017) defines investment as what builds up the investment which
together with labor, constitutes the two measured inputs to production that
power the economy, the sinews and joints by which cause the economy to
work. Traditionally, when economists measured investment, they in fact
measured investment in physical goods, plants, and machinery. However,
with the advent of the internet in the 1990s, the idea of a new “knowledge
economy” emerged based on what economists recognized as the results of
research and development (R&D) and the largely nonphysical ideas resulting
from it. If this new economy were measured by economists, the valuation of
these intangible assets would need to be incorporated into their economic
growth models. It is imperative to acknowledge that in various industries, the
enhancement of productivity plays a pivotal role in promoting sustained
economic growth and serves as a fundamental component of the process of
industrialization (Acemoglu & Zilibotti, 2001; Barro & Sala-i-Martin, 1995;
Diewert, 2014; El-hadj & Brada, 2009). This paper examines the effect of
intangible investment on Total Factor Productivity (TFP) in SMEs and
answers the question whether the size of enterprises affects increasing

productivity through the channel of increasing intangible investment.
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According to the definition of the Central Bank of Iran, companies with less
than 50 employees are classified as SMEs. The statistics and information of
the Statistical Center of Iran show that in the last few years, 70% of the total
production of the industrial sector has been averagely allocated to SMEs.
Therefore, these companies can play a significant role in increasing
productivity (the focus of the present research).

The current paper is aimed at investigating the effect of intangible
investment on the productivity of SMEs using the CHS approach and our
studies already performed in the field of tangible investment measurement. It
answers the question, is the size of the companies important in the impact of
this type of investment?. To measure intangible investment in Iran, we
follow the approach of Corrado et al., 2005, 2006 (abbreviated as CHS
hereafter), those classifying intangibles into three major types of assets:
computerized information, innovative property, and economic competencies.
Computerized information consists of, for instance, software and databases.
The innovative property includes scientific and nonscientific R&D, with the
latter referring to, for example, mineral exploitation, copyright and license
costs, other product development, design, and research expenses. Finally,
economic competencies include brand equity, firm-specific human
investment, and organizational structure (Jahangard et al., 2021, 2021).Then,
according to the definition of SMEs by Statistical Center of Iran, the effect
of this type of investment on the TFP of these types of companies is
investigated. Subsequently, the results are compared with those of large

companies and the impact of intangible investment on SME:s is investigated.

It is worth noting that the studied data for measuring intangible investment
are four-digit ISIC codes for small and medium Iranian industries during the
years 1996 to 2021 and the model used is the panel by GMM method.

This paper consists of five sections. In the next section, previous studies
in the field of measuring intangible investment, the relationship between
intangible investment and TFP, and the SMEs will be reviewed. Next, the
theoretical points of the subject will be presented. Then, intangible



Intangible Investment and TFP: Evidence from Small and ... 157

investment following the methodology developed by Corrado et al. (2005;
2006) will be estimated, its effect on TFP growth for SMEs will be
examined and compared with large industries. The last section summarizes

the results and their policy implications and discusses future tasks.

2. Literature Review
Jahangard et al. (2021, 2023) have measured intangible investment. In this

study, the CHS approach (a comprehensive and accepted approach used in
most important studies) has been employed to measure intangible investment
(Corrado, Hulten, and Sichel, 2005). In order to find the answers to the
research questions and approach its hypotheses, the study period of 1996-
2018 for industrial workshops of ten employees and above, using the four-
digit ISIC code (ISIC) is used. The results indicate that intangible investment
positively and significantly affect TFP. Additionally, among the
components, Information and Communication Technology (ICT) has a more
prominent role on the TFP variable. The other study examines all the factors
(playing role in measuring intangible investment) on the growth of TFP at
different levels of technology (divided into four categories). Unlike previous
studies, for all industries, apart from technology levels, ICT is very effective
and other components are ignored. The results of this study reveal that other
factors affect intangible investment except ICT in high-tech and
medium/high industries have higher impact on TFP than ICT and vice versa.

According to Albis Salas et al. (2023), investing in R&D positively
affects innovation in both SMEs and larger firms. However, the effect on
productivity is significantly higher for SMEs. Besides, evidence suggests
that the innovation performance of SMEs and larger firms is influenced by
co-evolution among the firm's resources and capabilities, knowledge flows
with external organizations, access to funding, and knowledge
appropriability conditions. However, highly qualified personnel, internal and
commercial sources of funding, and market knowledge sourcing are crucial

for innovation in SMEs. These conclusions are particularly relevant for the
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design of industrial and innovation policies in developing economies, where
innovation is a prerequisite for catching up and economic advancement.

In the era of the digital economy, the relationship between digital
transformation and total factor productivity at the firm level has incalculable
repercussions for businesses seeking to sustain high-quality growth.
Furthermore, it is crucial to enhance the total factor productivity of a
company as it contributes to the accomplishment of sustainable
development. Consequently, Cong Dinh et al. (2023) investigates the effects
of firm-level digital technology on TFP levels using Vietnamese SMEs data
from 2015 to 2019. Based on their empirical findings, digital technology
positively affects firm productivity. However, the digital technology
productivity premium varies across businesses (Cong Dinh et al., 2023).

Jianguo and Qamruzzaman assess SMEs performance for the period of
2005-2014. Their study measures productivity using Malmquist Productivity
Index (MPI) with one output and three inputs. They run regression analysis
to identify residual by comparing expected output and an actual output with
available inputs. Study result revealed that productivity index (MALM = 1)
remained constant, but technical efficiency increased from 2010 to 2014,
however overall efficiency declined by 2.6%. The residual analysis revealed
no significant deviation between expecting output and actual output using
available inputs. This research outcome give a glimpse about overall SME
performance, which will induce researchers to go further in-depth analysis
for bringing more insight for SME development (Jianguo & Qamruzzaman,
2017). Chen and Lee show that the TFP growth of European micro, small,
and medium-sized enterprises (SMEs) diverged from large firms after the
global financial crisis. The average post-crisis TFP growth of micro, small,
and medium-sized enterprises was, 1.1, 2.9, and 5.4% points lower than that
of large firms, respectively. This SME productivity gap is larger for firms
with more severe credit supply shocks. The gap is partially attributable to a
larger post-crisis reduction in intangible investment at SMEs compared to

that at large firms. Horseraces suggest that SME indicators are more robust



Intangible Investment and TFP: Evidence from Small and ... 159

and more powerful predictors of post-crisis TFP growth than other indicators
(Chen & Lee, 2023). The study for Spain SMEs shows that the introduction of
process innovations yields an extra productivity growth, and that the life span
of this extra productivity growth lasts for only one period (Manez et al., 2013).

The study by Majid et al. (2021) measures and decomposes the SMEs’
TFP in the agricultural sector across 23 regencies/cities in Aceh province,
Indonesia during the 2015-2019 period. Using Data Envelopment Analysis
(DEA), the study found a low level of SMEs' productivity during the study
period. The SMEs in Aceh province recorded different levels of TFP.
Overall, the SMEs' TFP has slightly declined, contributed mainly by an
increase in efficiency level and a decline in the technical efficiency change.
These findings showed the importance of adopting advanced agricultural-
related technologies and implementing good SMEs' governance principles to
further improve SMEs' TFP. Ultimately, the government must prioritize
promoting non-productive SMEs across the 23 regencies/districts in the
province through offering sufficient financial aids and conducting

professional managerial training programs.

3. Materials and methods

Pursuant to Cobb-Douglas production function, we have the following
equation:

Ve = AR LY (1)

where Y is value added; K refers to the stock of investment; L shows
labor units; and A stands for the efficiency level. The relationship between

intangible investment and TFP may be written as:
Yie = AieFit (Lt , Kit , Rit) (2)

Y, A, L, and K have already been defined. The stock of intangibles
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investment is denoted by R, We get the differential Equation 3:
AlnYy, = el AlnLy + eXAInK;, + R AR, + AlnAy, 3)

So that &¥ represents the production elasticity of factor X, basically
different according to input, industry, and time. To empirically examine the
role of intangibles as growth drivers, existing literature is used and this is
done in two stages. First, consider the condition of €. For a company with the

lowest cost, we have:
& =S ,X=LK,R 4)

where S is the share of payments of this invoice in relation to value added.
Therefore, this equation simply expresses the first order condition of a firm in
terms of production elasticity. Now suppose that a firm can benefit from K, L,
or R variables in other firms, industries, or countries. Therefore, as Griliches
(1992) pointed out, the industry elasticity AlnR in AlnY is a combination of
input and output elasticity. Then, we can follow Stiroh (2002) and have:

e =sf +df X=LKR (5)

which shows that the production elasticities of the factors are equal to the
weight of the factors. Moreover, there is flexibility of deviation from the
weight of the factors due to spillovers. All this can be shown by substituting
in Equation 4:

Aln Yi,t = (SLi't + dLLt)AlnLl't + (SKL"t + dKi,t)Alnki,t + (sRi't +
dR;)AInR;, + AlnA;, (6)

To model for TFP, the studies of Caves, Christensen, and Diewert (1982)
have been used, and the index is constructed with the translog production
function as follows:

AInTFP; = dhAlnL;, + dXAInK;, + dRAInR;, + AlnA;, (7)

1. The main method of calculating inventory capital (tangible-intangible) which we used is the Perpetual
Inventory Method (PIM) (Meinen et al., 1998). The Divisia index was also used to estimate TFP
(Diewert, 1993; Divisia, 1925; 1926)(Appendix B)
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4. Empirical results and impulse-response functions analysis

In this part, first, the method of measuring intangible investment is examined.
Then, the position of large, medium, and small industries and their share in the
total production of the industry sector is examined. In addition, the share of
intangible investment for each industry is examined. Finally, the estimation of
the model and presentation of the results will be discussed.

4.1. Measuring the intangible investment

CHS approach has been used to measure intangible investment. Previous studies
have been conducted to investigate intangible investment for all industries with
ten employees and above. In this paper, we have used the method of measuring
this study in accordance with the CHS approach (Appendix A).

4.2. The position of SMEs in Iran

According to the studies of the Statistical Center of Iran, based on worker
classes in 2021 and 2019, the distribution of industrial workshops with ten or
more workers is as follows:

100 people
and more
11%

10-49 people
79%

Fig. 1: Distribution of industrial workshops 2021

Source: Statistical Center of Iran



162 F. Esmaeily Sadrabadi/ International Journal of New Political Economy 5(2): 153-179, 2024

Pie chart 1 shows that in 2021, the share of industries with less than 50
people compared to all Iranian industries has a share equal to 79%, revealing
the high importance of this type of industry compared to all other industries.
Therefore, investigating the factors affecting the productivity of this type of
industry can lead to the productivity of the entire production factors.

The results of studies by Jahangard et al. (2022) show that intangible
investment, like physical investment and labor, have a significant contribution
to increasing TFP. Therefore, in the present study, it is aimed at investigating
the effect of intangible investment on TFP of SMEs industries. Considering
the high share of these industries in the entire industry, it is not unexpected
that this investment variable has a significant contribution. Fig. 2 consists of
three parts. The first part shows the amount of production and intangible
investment in large industries according to the ISIC codes of 2021 (The
horizontal axis represents the four-digit ISIC codes of Iran's industries while

the vertical axis shows the amount of intangible production and investment).
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Fig 2-a. The amount of production and intangible investment in large industries

according to the ISIC codes of 2021, Source: Authors’ own calculation
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As shown in the figure, a significant share of production is allocated to
intangible investment, confirming the previous studies depending on the
positive and significant impact of intangible investment on TFP in industries.

In the second part, a graph is displayed for SMEs industries. As in large
industries, a significant share of production is allocated to intangible
investment, emphasizing the importance of investigating the factors affecting
the productivity of these types of industries.
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Fig. 2-b. The amount of production and intangible investment in SME industries

according to the ISIC codes of 2021, Source: Authors’ own calculation

In the third part, it is focused on the share of intangible investment from
the total production in both groups of industries. As observed in the figure,
the share of intangible investment in SMEs is higher than in large industries,
proposing that SMEs are one of the factors influencing production, with an

investment share more than that of large industries.
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Fig. 3-c. The share of intangible investment in Large and SME industries according
to the ISIC codes of 2021, Source: Authors’ own calculation

4.3. Econometrics Results

Productivity is the efficiency of production of goods or services expressed
by some measures. Measurements of productivity are often expressed as a
ratio of an aggregate output to a single input or an aggregate input used in a
production process, i.e. output per unit of input, typically over a specific
period (Kaliski, 2001). For Estimating TFP in Equation 7, panel data for 134
four-digit classification codes of economic activities during the years 1997-
2021 have been used. The proposed models for them are fixed effects model
and random effects model. Nevertheless, since the TFP dependent variable
appears with an interval on the right side, the most suitable model proposed
is the dynamic pattern in panel data (Appendix c).

Prior to entering into the estimation of the model, the stationarity of the
studied variables has been investigated. To this end, Levin, Lin, and Chu
(LLC), Im, Pesaran and Shin (IPS) and Fisher (ADF) tests have been used to
check the model variables’ stationarity. Table 1 shows the unit root test of
each of the examined variables.
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Table 5: The results of the unit root test of model variables”

Tests
ADF IPS LLC .
- - - Variable
First order Level First order Level First order Level
difference difference difference
819.25 178.61 -17.69 6.55 -16.16 -4.79 TFP
(0.0000) (1.0000) (0.0000) (1.0000) (0.0000) (0.0000)
1103.64 186.86 -25.00 3.19 -21.27 -1.89 LPhysical
(0.0000) (0.9999) (0.0000) (0.9993) (0.0000) (0.0294) | Investment
955.11 365.62 -20.91 -3.56 -18.36 -13.44 Lintangible
(0.0000) (0.0000) (0.0000) (0.0002) (0.0000) (0.0000) | Investment
662.97 277.93 -13.52 -0.72 -11.54 -4.53 LLabor
(0.0000) (0.2660) (0.0000) (0.2357) (0.0000) (0.0000)

« L refers to the logarithm

Source: Authors' own calculations

As observed, due to the instability of most variables regardless of the time
trend and differentiation, and in some of them with the first order difference at
the 99% level, the null hypothesis of the unit root test is rejected. Therefore, it is
ensured that all the variables used in the model are static. In this part, we have
estimated the Equation 7 with GMM model. We estimated the model for three
groups of small, medium, and large industries based on the size of the

companies and the Statistical Center of Iran. The results are as follows:

Table 2. Intangible investment growth and TFP: SME industries

Variable (Coefficient) | (t-Statistic) (Std. Error) Prob.
LTFP(-1) 0.323 65.2890 0.00496 0.0000
L Intangible Investment 0.448 156.77 0.002 0.0000
L Physical Investment 0/247 64.35 0.003 0.0000
L Labor 0.292 25.56 0.011 0.0000
54.347 Number of
Sargan, J-statistic observations 876
(0.538) N
. Instrument
S.E. of regression 0.591 Rank 57
Arellano-Bond Serial Correlation Test :
-3.481 0.942
AR (0.0001) AR(2) (0.2573)

Source: Authors' own calculations
As Table 2 shows, intangible investment is one of the variables affecting
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productivity in SMEs. The results show that compared to the rest of the
components, intangible investment has the greatest impact on TFP with a
coefficient of 0.44 for SMEs. Sargan Test and J-statistic and Arellano-Bond
Serial Correlation Test at the end of the table show the consistency of the
GMM estimator (The explanation of GMM and the tests performed are
detailed in Appendix C).

Table 3. Intangible investment growth and TFP: Large industries

Variable Coefficient t-Statistic Std. Error Prob.
LTFP(-1) 0.244 57.1342 0.0042 0.0000
LTFP(-2) 0.1574 44.7189 0.0038 0.0000
L Intangible Investment 0.362 151.81 0.006 0.0000
L Physical Investment 0.209 78.841 0.0017 0.0000
L Labor 0.356 44.67 0.005 0.0000
o 50.005 Number of observations
Sargan, J-statistic 790
(0.296) N)
Instrument .
56 S.E. of regression 0.451
Rank
Arellano-Bond Serial Correlation Test
1.902 -1.910
AR(2)

(0.6007) (0/004) AR(1)

Source: Authors' own calculations

Table 3 states that in large industries, as in other industries, intangible
investment play a prominent role in TFP. In this type of industries, this share
is equal to 0.36. Like intangible investment, investment and labor positively
and significantly affect TFP. (It is noteworthy that the capital inventory
(both physical and intangible is used in the production function, the
calculation method of which is given in Appendix B). According to the
results, in all industries with different sizes, the intangible investment
coefficient is larger than the rest of the components. The effect of intangible
investment to increase TFP is evident in all industries, in line with the results
of previous studies. The results indicate that the share of the impact of SME
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industries’ intangible investment on TFP is greater than the rest of the

industries (0.44 compared to 0.3#), suggesting that besides the positive and

significant impact of this intangible investment on all industries and the
obvious focus on this type of investment, small industries have the greatest
effect in reaching the most optimal state of TFP.

5. Conclusion and policy implications

The studies of the Statistical Center of Iran show that small industries
account for a high percentage of the total industry in Iran's economy. Hence,
it is important to examine the factors affecting this type of industry. One of
the key factors in any industry is TFP. Studies in different countries show
that in addition to effective factors like physical investment and labor, being
effective on TFP until now, another important factor called intangible
investment not only is effective, but it significantly contributes to other
variables (Rico, Bhattacharya, and Rath, 2020; Liang, 2021; Hintzmann,
Masllorens, and Ramos Lobo, 2021; Corrado, Hulten, and Sichel, 2009;
Corrado, Haskel, and Jona-lommi, 2013). In this study, we answered the
question, which of the small, medium, and large industries have more weight
in the increase of TFP. The results showed that intangible investment
positively and significantly affects TFP and confirms the previous studies.
Nevertheless, since the companies’ size is a very important component, in
this study, its effect on the amount of intangible investment effect on TFP
was discussed. The high weight of intangible investment in SMEs compared
to other industries (in terms of size) indicates the significant contribution of
SMEs in reaching the optimal point of TFP through increasing intangible
investment. Therefore, in order for industries to have higher productivity,
they should first pay more focus on intangible investment, but not all
industries of different sizes need to invest the same amount on this type of
investment. Small industries with a larger coefficient may focus most on this
type of transitory investment, i.e. the number of workers is not as important

as the hiring of specialized and professional forces to achieve the highest
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productivity, for example. Small industries should expand research and
development, advertising, information and communication technology, and
the components involved in intangible investment to enhance the
productivity growth of industries in the macro state.

Accordingly, due to the very high share of SMEs in industries, it is
suggested to expand the intangible investment factor to reach the optimal
TFP. Le. small industries can achieve higher TFP by employing a skilled and
expert workforce, increasing research and development in the field of their
industry, using ICT and using new and emerging technologies. Besides,
policymakers are advised to support this type of industries to raise the total
productivity by means of high and emerging technologies and increasing the
factors involved in intangible investment. Because small and medium
industries, especially small ones cannot increase intangible investment
compared to large industries. It is proposed to create small industrial clusters
with regard to the expansion of communication networks and the creation of
knowledge-based companies in order to separate intangible investments on
small industries and increase their productivity. For instance, different
industries can outsource innovations and ideas related to technology updated
every day to small industries. In the continuation of this study, it is suggested
that each of the small industries is a specialist in one of the influencing
factors of intangible investment for other industries. In this way, for
example, people working in the wood industry can hand over new designs
with new software to other companies. This same concept of industrial
clusters, which can be implemented with the expansion of the Internet

network, can be a very strong way to increase TFP in industries.
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Appendix A: Intangible Investment

There have been many studies on how to measure intangible capital, with the
first of which conducted by Corrado, Hulten, and Sichel in 2005. As illustrated
in Table 1, they grouped the various items into three broad categories:

computerized information, innovative property, and economic competencies.

Table 4. Business intangibles, by broad group

Name of group Type of knowledge capital Current status in the NIPAs
Computerized information Knowledge embedded in Major component, computer
computer programs and com- software, is capitalized

puterized databases

Innovative property Knowledge acquired through Most spending for new product
scientific R&D and nonscientific ~ discovery and development is
inventive and creative activities expensed®

Economic competencies Knowledge embedded in firm- No items recognized as assets of
specific human and structural the firm

resources, including brand names

a. Two small components—oil and gas exploration, and architectural and engineering services
embedded in structures and equipment purchases—are included in the NIPA business fixed capital.
Source: Corrado et al. (2005)

Computerized information includes 1.computer software and 2.computer
database. The innovative property contains 3.science and engineering
research and development, 4.copyright and licenses for the development of
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entertainment and art, and 5.other costs of product development, design, and
research. Economic competencies include 6.equity, 7.company-specific
human capital, and 8.organizational structure. They continued their studies
to achieve a comprehensive segmentation of intangible capital until 2014
(Corrado et al., 2009; Corrado et al., 2012; Corrado et al., 2014). Recently,
they answered the question “can artificial intelligence (AI) raise
productivity?” in a study entitled “Artificial Intelligence and Productivity:
An Intangible Asset Approach”. The approach used in this study is the same
as the CHS approach (Corrado et al., 2021). Liang (2021) used a quantitative
growth model with intangible capitals and endogenously variable markups,
along with U.S. manufacturing. In his paper, he pointed out that he had used
the CHS approach to calculate intangible capital. There have been many
studies on the intangible capital’s impact on productivity in the world. Van
Ark and Timmer (2008) showed that the cause of reduction of labor
productivity growth in Europe compared to labor productivity growth in the
United States is the slower emergence of the knowledge economy in Europe.
Bhattacharya and Rath (2020) examined the impact of innovation on labor
productivity by using the latest World Bank Enterprise Surveys data and
compared the results between the Chinese and Indian manufacturing sectors.
They found out that innovation affects the labor productivity positively for
Chinese as well as Indian manufacturing firms, but its impact on firm
productivity is relatively weak in the case of India as compared to China.
Rico and Cebrer-Bares (2020) found a positive effect of intangible capital on
Spanish companies’ productivity. Hintzmann et al. (2021) examined the
labor productivity growth in the manufacturing sector in a different set of 18
European countries between 1995 and 2017. The main findings revealed that
all the three different categories (CHS approach) of intangible assets
contribute to labor productivity growth. In particular, intangible assets
related to economic competencies were identified as the main drivers.

The ICT factors’ impact on the development of economic and
economically driven processes is indisputable. ICT is a key component in

measuring intangible capital; thus, there are many studies on its effect on
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economic variables. Lefophane and Kalaba (2021) estimated the effects of
ICT intensity on labor productivity, employment, and output of agro-
processing industries. Their findings suggest that industries with higher ICT
intensity experience greater and more significant growth effects. Kim et al.
(2021) studied the contribution of information and communication
technology (ICT) to productivity both directly and indirectly. Sawng et al.
(2021) investigated how capital in the industry of ICT has been interlocked
with South Korea’s GDP growth. The results revealed that ICT and GDP
growth’s effects were positive.

Lall (2000) characterized industries with different levels of technologies.
Soltanisehat et al. (2019) examined the role of R&D expenditures in TFP
growth in Iran’s industry sector, revealing that R&D expenditures in high-
tech and medium/high-tech industries positively affect TFP growth.
Bhattacharya et al. (2021) explored whether the moderating effect of R&D
intensity differs for firms in high-tech versus low-tech sectors, realizing that,
unlike low-tech firms, high-tech firms with higher R&D intensity in the
previous period derive substantial productivity gains from FDI and the

utilization of imported inputs and capital goods.

Appendix B: Intangible Capital and TFP: A Theoretical Analysis
The function of traditional Cobb—Douglas production includes the

conventional inputs of physical capital and labor is formulated as:
Y, =AKPL-e" )

where Y is value added; K refers to the stock of capital; L. shows labor units;
A stands for the efficiency level; e represents an error term;i=1,2, ..., N=135
four-digit ISIC codes, andt =1, 2,..., T = 26 (for the period of 1996-2021).

The production function is estimated in a log-linear form within a lag

framework. The model of empirical panel is specified as follows:
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LTFP, = a; + BAInL, , + B,AInK , + B;AInR; , + B,LTFP, ,_ +u, (9)

i,t-1

R is a real intangible capital. The main method of calculating inventory
capital (tangible-intangible) used is the Perpetual Inventory Method (PIM)
(Meinen et al., 1998). Moreover, the Divisia index was used to estimate TFP
(Diewert, 1993; Divisia, 1925, 1926).

The Divigia method with the Trenquist approximation is the appropriate
method for measuring TFP in Iran, suitable for discrete statistical data, since
the contributions of the production factors are different from one activity to
another and change from year to year. It considers changes in the quality of
production factors. In the current research, a production function has been
used to calculate TFP, where production Y is a function of three inputs labor
L, physical investment inventory K, and intangible investment inventory I,

and the calculation formula of TFP is as follows:

Yt

a;B1-a-p
KELE L

TFP = (10)

where Y is the output value, K shows the value of investment services, L
represents the number of employees and I stands for the value of intangible
investment. Besides, f = (employee compensation/total production) and
1 - a - B is the production elasticity of intangible investment that is equal
to dividing the payment for intangible investment by total output. Moreover,
a is obtained by subtracting the above two tensions.

In Equation 7, the two variables of physical investment inventory and
intangible investment inventory are considered independent variables of the
productivity of the total production factors, and the following method is
employed to calculate its inventory. Accumulation data of physical and
intangible investment is obtained by the formula below:

intangible;;

INTit= (1_6i)INTit—1+ P
t

(11)

so that INT; is the accumulation of intangible investment for the four-

digit economic activity classification code 1 at time t. The intangible variable
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t is the intangible investment variable for the classification code of the four-
digit economic activity rank i at time t. A bunch of studies have been

conducted on how to calculate the depreciation rate. In this research, the

study by Amini (2014) was used, where 0 ; 1s different for each code.

Appendix C: GMM
Since the dependent variable in the research model appears as an interval on
the right side of the equation, we are faced with a dynamic panel data

pattern. The general form of a dynamic pattern in panel data is as follows:
Yie = aYie1 + BXie + i + &t (12)

where: Y; is the dependent variable, X; represents the vector of
independent variables also used as instrumental variables, u; shows the error
factor related to sections and ¢g; refers to the error factor of the i section at
time t. When in the panel data model, the dependent variable appears as an
interval on the right side, ordinary least squares (OLS) estimators are no
longer compatible (Arellano and Bond, 1991), and one must resort to the
two-stage least squares (2SLS) method of Anderson and Hsiao (1981) or
Generalized Method of Moments (GMM) of Araleno and Bond (1991).
According to Matyas and Sevestre (2008), the 2SLS estimation may give
large variances for the coefficients due to the difficulty in choosing the tools,
and the estimates are not statistically significant; hence, the two-stage GMM
method is proposed by Araleno and Bond to solve this problem. Araleno and

Bond proposed the following differential equation:
Yie = Yiemr = a(Vie—1 — Yie—2) + BXie — Xie—1) + (&it — €ie—1) (13)

That is, initially, differentiation is performed to remove the effects of
sections or L; from the model and in the second stage, the residuals from the
first stage are used to balance the variance-covariance matrix. In other
words, this method creates variables called instrumental variables to have

consistent estimates without bias (Baltagi, 2005). The consistency of the
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GMM estimator depends on the validity of the assumption of error sentences
and instruments’ serial non-correlation, which can be tested by two tests
specified by Araleno and Bond (1991), Araleno and Bower (1995), and
Blundell and Bond (1998). The first one is the Sargan test of predetermined

limits, testing the validity of the instruments. The Sargan test statistic (J-

Statistic) has a distribution X * with a degree of freedom equal to the number
of excess restrictions. The second one is the serial correlation test, testing the
presence of second-order serial correlation in the first-order differential error
sentences using the M2 statistic. In this test, when there is no second-order
serial correlation in the error statements from the first-order differential
equation, the GMM estimator is consistent. Failure to reject the null
hypothesis of both tests provides evidence for the hypothesis of no serial
correlation and the validity of the instruments. In this study, Sargan's test
was employed to check the consistency of the GMM estimator. Moreover,
Eviews 13 and MATLAB software were used for statistical and econometric

analysis, respectively.






