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Bu ¢alisma, 2004-2022 yillari arasinda Tiirkiye de isgiicii verimliligi biiyiimesi ile yiiksek teknoloji ticareti
arasimdaki iliskiyi, Tiirkive Istatistik Kurumu ve Diinya Bankasi'ndan elde edilen yillik verilerle
incelemektedir. Yiiksek teknoloji ticaret endeksi, yiiksek teknoloji ihracat ve ithalat paylar: temel alinarak
Temel Bilesenler Analizi (PCA) ile olusturulmustur; isgiicii verimliligi ise zincirlenmis hacim GSYH sinin
tam zamanl esdeger istihdamina oram olarak hesaplanmistir. Ng & Perron ve Elliott et al. (ERS) testleri
kullanilarak yapilan analizler, degiskenlerde duraganhk olmadigini ortaya koymugstur. Fourier Shin (2016)
ve Shin (1994) testlerinin sonuglar: karisik cointegrasyon kanitlart sunmaktadir: Shin testi uzun donemli bir
iliski olmadigint ongoriirken, Fourier Shin testi incelenen degiskenler arasinda cointegrasyon oldugunu
gostermektedir.

The nexus between Labor Productivity and High-Technology Trade: Insights from Turkiye

Keywords:

Labor productivity,
technological
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Shin

Abstract

This study explores the relationship between labor productivity growth and high-technology trade in Turkiye
from 2004 to 2022, utilizing annual data from the Turkish Statistical Institute and the World Bank. The high-
technology trade index was constructed via Principal Component Analysis (PCA) based on the shares of
high-tech exports and imports, while labor productivity was calculated as the ratio of chained volume GDP
to full-time equivalent employment. Utilizing Ng & Perron and Elliott et al. (ERS) tests, the results revealed
non-stationarity in the variables. The results of Fourier Shin (2016) and Shin (1994) provide mixed
cointegration evidence: while the Shin test suggests no long-term relationship, the Fourier Shin test indicates
cointegration between the studied variables.
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1. INTRODUCTION

The economic research deals with the nexus between labor productivity growth and high-technology trade,
particularly in emerging economies. Incorporating both exports and imports, high-technology trade is
considered a key driver of innovation diffusion, technological advancement, and productivity enhancements.
From the economic performance perspective, labor productivity is influenced by the ability of economies to
integrate high-technology goods into production processes and export them to competitive global markets. A
strong relationship between high-technology trade and productivity growth is identified in the economic
theoretical and empirical studies. High-technology exports reflect an economy’s capacity to produce and market
cutting-edge products, often signaling robust innovation capabilities and competitiveness; conversely, imports
of high-technology products facilitate knowledge transfer and technological spillovers, enabling domestic firms
to adopt advanced production techniques and improve efficiency. Keller (2004) and Coe & Helpman (1995)
highlight that technology diffusion through trade channels is crucial in productivity improvements in developing
economies. Turkiye has recently focused on growth strategies driven by high-tech trade, restructuring its
industrialization and foreign trade policies to increase the production and export of high-value-added products.
High-tech exports hold critical importance for countries' economic development and achieving international
competitive advantage (Akay, 2021; Kalkan & Pala, 2022), demonstrating the positive effects of increased
production and export of high-tech products on labor productivity (Akyol & Demez, 2020; Durgun & Capik,
2018). Few studies in the existing literature address the relationship between high-tech exports and labor
productivity, representing a significant gap in evaluating the effectiveness of Turkiye's economic growth
strategies (Mecik & Afsar, 2014; Seker, 2018). In particular, research is needed to explore the long-term effects
of increased production and export of high-tech products on labor productivity (Akyol & Demez, 2020; Durgun
& Capik, 2018). Moreover, considering Turkiye's industrial and foreign trade policies is crucial. Significant
growth in the production and export of high-tech products is achieved alongside improving labor productivity,
underscoring the success of Turkiye's growth strategies based on high technology (Seker, 2019). Furthermore,
foreign direct investments’ impact on high-tech exports must be taken into account, as FDI enhances Turkiye's
capacity for producing high-tech products, thereby positively influencing labor productivity (Topall1, 2015).
From another point of view, the nexus between Turkiye's high-tech imports and labor productivity is another
important issue for the country's economic development and growth. High-tech imports play a significant role in
Turkiye's technological development and the enhancement of its production capacity (Cakmakli & Sarkgiinesi,
2023; Seker, 2018) since high-tech products entering the country through foreign direct investments and
technology transfer elevate Turkiye's technology level and increase its high-tech exports (Cakmakli &
Sarkgiinesi, 2023; Seker, 2018), positively affecting labor productivity (Cakmakli & Sarkgiinesi, 2023).
However, some studies indicate that the country's technological capabilities are insufficient, hindering the
effective internalization of technology transfer, and ultimately limiting the growth of high-tech exports
(Demirtas & Aktop, 2018), therefore, it is essential to develop a skilled workforce through education and
training programs to enhance labor productivity (Olcay, 2023; Ozdemir et al., 2022). Additional challenges such
as the slow pace of technological transformation in Turkiye's manufacturing sector, the relatively small share of
advanced technology exports, and the dominance of low and medium-low-tech exports continue to hamper labor
productivity (Baskol & Bektas, 2020; Konak, 2018). Building on this, this paper investigates the nexus between
labor productivity growth and a composite high-technology trade index in Turkiye during the period spanning
from 2004 to 2022, which was reconstructed utilizing Principal Component Analysis (PCA) based on two
variables: the share of high-technology exports in total exports and the share of high-technology imports in total
imports. Ng & Perron (2001) and Elliott et al. (1996) unit root tests were used to assess the stationarity of the
employed series, along with utilizing advanced econometric techniques, including the Fourier Shin test (Tsong
et al., 2016) and the Shin test (1994) to examine the long-run relationship between labor productivity and high-
technology trade. Empirical reveals evince the existence of a significant long-run nexus between the analyzed
variables. The potential contributions of this study to the existing literature are demonstrated by: i) extending the
understanding of how technological trade dynamics influence labor productivity in an emerging economy like
Turkiye by utilizing a composite high-technology trade index that considers both imports and exports and, to the
best of our knowledge it is the first work that investigates this relationship employing the high-technology trade
index, and ii) highlighting the significance of including Fourier components to capture structural breaks better
following Tsong et al. (2016). This study is organized as follows: the first segment provides an introduction, the
second reviews the literature, the third presents the data methodology and empirical application, and the final
section discusses the conclusions.
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2. LITERATURE REVIEW

Various theoretical lenses analyzed the relationship between labor productivity and high-technology trade. Each
of them offers insights into how technological advancements and trade flows impact productivity growth.
Endogenous growth theory, pioneered by Romer (1990) and Lucas (1988), plays a central role in understanding
this relationship, positing that innovation, human capital, and technological progress are key drivers of long-
term economic growth and productivity improvements. Firms can enhance their production processes, leading to
increases in labor productivity, by gaining access to advanced technologies and knowledge through high-
technology trade, which facilitates the exchange of innovative products and knowledge, acting as a conduit for
the transfer of cutting-edge technologies across borders. The high-technology trade contribution to productivity
growth is further explained by the technology spillover theory (Grossman & Helpman, 1991). The diffusion of
technology is accelerated by the high-technology trade, as countries and firms exposed to foreign innovations
can adopt, adapt, and improve upon them. Firms can improve their production techniques by learning from the
technology embedded in the imported products; in turn, high-technology exports mirror a country’s innovation
capabilities, contributing to productivity growth through increased technological competence and specialization
in high-tech sectors. Ricardo’s comparative advantage theory (1817) provides a classical framework for
understanding the nexus between trade and productivity, indicating that countries should specialize in producing
goods in which they hold a comparative advantage, thereby improving efficiency and maximizing output.
Accordingly, specialization in high-technology sectors leads to the accumulation of expertise, economies of
scale, and productivity gains as the labor force becomes increasingly skilled in these sectors, contributing to
higher productivity per worker. Moreover, countries engaged in high-technology trade can leverage their
specialization to foster further productivity improvements as global demand for high-tech products increases.
From another point of view, Gereffi et al. (2005) demonstrate that countries gain access to advanced
technologies, best practices, and international standards as they integrate into global value chains. Such
integration allows firms to specialize in specific tasks within the production process, improving efficiency and
labor productivity. Becker (1964) underscores that skilled labors play a critical role in adopting and effectively
utilizing high technologies. As countries engage in high-technology trade, the demand for skilled workers
capable of operating advanced machinery, utilizing cutting-edge technologies, and driving innovation grows,
prompting investments in education, training, and skill development, which in turn creates a feedback loop
where the availability of skilled labor further enhances the ability of firms to adopt new technologies and boost
productivity. Finally, the economic literature demonstrates that high-technology trade is a crucial ingredient that
drives labor productivity by enabling technological diffusion, knowledge spillovers, and innovation, especially
in developing economies aiming to achieve long-term economic advancement.

3. DATA, METHODOLOGY, AND EMPIRICAL APPLICATION

This paper investigates the nexus between labor productivity growth (Ipg) and high-technology trade (index) in
the Turkish economy during the period spanning from 2004 to 2022, utilizing annual data from the Turkish
Statistical Institute, including chained volume GDP and employment figures, along with high-technology trade
data from the World Bank database. The high-technology trade index is constructed using Principal Component
Analysis (PCA) based on two variables: the share of high-technology exports in total exports and the share of
high-technology imports in total imports. Labor productivity is calculated by dividing chained volume GDP by
the total full-time equivalent employment. Figure (1) shows the variables. The data reveals fluctuating trends in
Ipg and the index over the years (corr. -0.53). While labor productivity growth remains negative or low, some
years show positive high-tech trade index values. A robust econometric framework was adopted in this study to
investigate the relationship between labor productivity and high-technology trade. Initially, the stationarity of
the employed series is evaluated using Ng & Perron (2001) test designed to address the limitations of traditional
tests like the Augmented Dickey-Fuller (ADF), employing Generalized Least Squares (GLS) detrending for
improved size and power properties. Ng & Perron (2001) test offers greater reliability in small sample sizes and
robustness against structural breaks, making it suitable for real-world data.
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Figure (1): Variables.
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Furthermore, the Elliott et al. (1996) test, which also employs GLS detrending and a Point-Optimal likelihood
ratio, is utilized since it improves the accuracy of unit root detection by minimizing finite-sample distortions,
making it a powerful choice for small-sample sizes or when data exhibits complex characteristics. Table (1)
presents the results of the unit root tests.

Table (1): Results of Unit root tests (with Constant and Trend):

Ing Index
Test Statistic Critical Values Test Statistic Critical Values
1% 5% 10% 1% 5% 10%
ERS ERS Test 9.757 4220 5720 6.770 10.091 4220 5.720 6.770
Test
MGLS MZa -8.620 -23.80 -17.30 -14.20 -8.713 -23.8 -173 -14.2
rest MZt -2.014 -3.420 -2.910 -2.620 -1.878 -342  -291 -2.62
MSB 0.234 0.143 0.168 0.185 0.216 0.143 0.168 0.185
MPT 10.756 4.030 5480 6.670 11.084 4.03 5.48 6.67

Table (1) presents the unit root tests’ results for the variables Ipg and index, evaluating stationarity against
critical values at the 1%, 5%, and 10% significance levels. ERS test’s statistic for Ipg (9.757) exceeds all critical
values, indicating that the null hypothesis of a unit root cannot be rejected at any significance level, suggesting
non-stationarity. The test statistic for the index (10.091) is similarly higher than the critical values, failing to
reject the null hypothesis. Furthermore, both Ipg and index yield MZa, MZt, MSB, and MPT values that fall
outside critical thresholds when utilizing the MGLS Test, reinforcing non-stationarity in the data. The unit root
tests’ results indicate a lack of stationarity in the analyzed variables.

The second step is to conduct cointegration tests to identify long-run relationships between non-stationary series
integrated of the same order. The results of the cointegration test on the long-run relationship between labor
productivity growth and the technology trade utilizing Fourier Shin (Tsong et al., 2016) and Shin test (Shin,
1994) are presented in Table (2). Table (2) presents the cointegration results, indicating varying outcomes
depending on the estimation method and test applied. Under the Fourier Shin test, the OLS model suggests
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strong evidence of cointegration since the F-statistic of 2.610 exceeds all critical values at the 1%, 5%, and 10%
levels.

Table (2): Cointegration Results

Fourier Shin Shin (constant and trend)

F-Stat Freq. CIf Test Stat.
OLS: 2.610 1 0.043 0.081
DOLS: 1.537 3 0.088 0.023

Critical Values:

1% 5% 10% 1% 5% 10%
OLS: 0.507 0.304 0.224 0.184 0.121 0.097
DOLS: 0.507 0.304 0.224 0.184 0.121 0.097

In contrast, the DOLS model indicates weaker evidence of cointegration compared to OLS, with an F-statistic of
1.537, which only surpasses the 10% critical value. The results of the Shin test reveal that both OLS and DOLS
have test statistics (0.081 and 0.023, respectively) below their corresponding critical values, implying no
cointegration in either model according to this test. Thus, while the Shin test indicates no cointegration for both
methods, the Fourier Shin test suggests cointegration for OLS, highlighting the significance of including Fourier
components to better capture structural breaks in the deterministic trend. The Dynamic Least Squares (DOLS)
and Fully Modified Least Squares (FMOLS) models were employed to assess the long-run relationships
between the variables. The results were reported in table (3).

Table (3): Coefficient estimation reveals

DOLS FMOLS
INDEX -0.133407 (t = -20.79, p = 0.0002) -0.034679 (t = -2.47, p = 0.0251)
Constant (C)  -0.093847 (t = -15.83, p = 0.0005) -0.029541 (t = -2.33, p = 0.0331)

The coefficient of INDEX is -0.1334, which suggests that a one-unit increase in INDEX is associated with a
0.1334 decrease in LPG in the long run, holding other factors constant. This negative relationship indicates that
as the INDEX increases, LPG consumption tends to decrease. Furthermore, the Fully Modified Least Squares
(FMOLS) model indicates a weaker fit. The coefficient of INDEX is -0.0347, which is statistically significant at
the 5% level (p-value = 0.0251). Although the relationship is negative, it is less pronounced than in the DOLS
model. This suggests that while there is a significant long-run relationship between INDEX and LPG, the
magnitude of the effect is smaller compared to the DOLS model. The negative nexus between labor productivity
growth and a high-tech trade index, constructed from high-tech exports and imports, can be attributed to factors
such as a) technological dependence (Kavacik, 2023) without sufficient domestic innovation, where reliance on
high-tech imports limits productivity gains and hinders local capability development, b) trade imbalances,
characterized by high-tech imports exceeding exports, could stifle local industries and signal a lack of
competitiveness, c¢) inadequate absorption of high-tech innovations prevent the effective integration and
utilization of advanced technologies due to workforce skill gaps, d) Structural changes, such as job displacement
caused by an influx of high-tech imports, can slow productivity growth in the short term and disrupt traditional
industries, e) prioritizing low-value high-tech products with minimal knowledge transfer reduces the potential
impact on labor productivity. Samaniego (2006) explains that when new technologies conflict with old ones,
there is an initial slowdown in productivity followed by recovery, with outcomes varying by establishment age
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and capital, highlighting that productivity slowdowns can arise from the incompatibility of old expertise with
new techniques

4. CONCLUSION

This paper examines the nexus between labor productivity growth and high-technology trade in Turkiye from
2004 to 2022, demonstrating a negative long-run relationship between the variables. Decision-makers should
focus on promoting domestic innovation through R&D, technological entrepreneurship, and local industry
development. Policies to balance trade flows by boosting high-tech exports and supporting industries affected
by technological disruptions with retraining programs and social safety nets will help mitigate short-term
productivity losses, ensuring long-term economic growth
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