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CrossMark

This study aimed to examine the relationships of technology orientation, organizational
entrepreneurship, strategic management, and their composite index with physical labor
productivity in Iranian cement companies. This applied study employed a documentary,
correlational, and econometric design. The study population comprised cement-producing
companies listed on the Tehran Stock Exchange and Iran Fara Bourse during fiscal years 2023—
2026. A purposive sample was selected based on the simultaneous availability of production
figures, workforce information, and documented managerial evidence, resulting in eight firm-
period observations. Labor productivity was calculated by dividing annualized cement
production by the reported number of employees. Technology orientation, organizational
entrepreneurship, and strategic management were scored from zero to four based on documented
evidence of implemented or ongoing initiatives disclosed in official corporate reports. Spearman
rank correlations and separate ordinary least squares regression models were employed, with
reporting-period type included as a control variable. HC3 heteroskedasticity-robust standard
errors and the residual-degrees-of-freedom t distribution were used for statistical inference.
Spearman correlations between labor productivity and technology orientation, organizational
entrepreneurship, strategic management, and the composite index were 0.125, 0.222, —0.218,
and 0.235, respectively; none was statistically significant. In the regression models, the estimated
standardized coefficients for technology orientation, organizational entrepreneurship, strategic
management, and the composite index were 0.002, 0.219, —0.068, and 0.126, respectively. The
corresponding p-values were 0.987, 0.355, 0.831, and 0.699. Thus, none of the four research
hypotheses was supported at the 0.05 significance level. Sensitivity analyses further indicated
that the estimated relationships were dependent on sample composition, reporting-period type,
and influential observations. The available evidence was insufficient to establish a definitive
relationship between the examined managerial factors and labor productivity. Nevertheless, the
findings indicate that a reliable assessment of technology, entrepreneurship, and strategic
management effects requires a larger multi-year panel, control of firm-level technical
characteristics, and consideration of the time lag between project implementation and
productivity outcomes.

Keywords: Labor productivity; Cement industry; Technology orientation;
entrepreneurship; Strategic management; Econometric analysis.
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Extended Abstract

Introduction

The cement industry is a foundational component of national economic and infrastructural
development because its products are extensively used in housing, transportation systems, public works,
industrial facilities, and urban expansion. At the same time, cement manufacturing is a highly capital-
intensive, energy-intensive, and technologically continuous activity in which productivity depends on the
coordinated performance of kilns, mills, material-handling systems, energy infrastructure, maintenance
operations, and human resources. Interruptions in electricity or fuel supply, equipment deterioration,
unplanned shutdowns, inefficient maintenance, weak production planning, and insufficient integration
between technical and managerial units can directly reduce output and increase the consumption of labor,
energy, and capital. Accordingly, productivity in this industry cannot be understood only through nominal
capacity or financial ratios. Earlier evidence from Iranian cement firms has shown considerable
differences in energy efficiency across companies, indicating that firms operating in the same industry
may differ substantially in their ability to convert inputs into productive outputs (Taghizadeh & Pourrabi,
2013). Studies applying data envelopment analysis and the Malmquist productivity index have similarly
revealed variation in efficiency levels and productivity changes among cement companies listed on the
Tehran Stock Exchange (Kaidpour et al., 2020).

Labor productivity, measured as physical output per employee, provides a practical indicator for
examining the productive utilization of the workforce and operational capacity. Unlike financial measures,
physical labor productivity is less directly affected by price inflation, accounting policies, and short-term
changes in product prices. Nevertheless, labor productivity in the cement industry is influenced by
numerous technical and organizational factors, including plant age, production technology, energy
intensity, outsourcing, product composition, capacity utilization, maintenance quality, and managerial
decisions. Technology orientation is one of the organizational factors that may explain differences in
productivity. It refers not merely to the possession of modern equipment, but to a firm’s willingness and
capability to search for, absorb, deploy, and exploit technologies in alignment with operational and
strategic objectives. Digital orientation has been conceptualized as a strategic orientation that shapes how
firms integrate digital technologies with organizational goals and value-creation mechanisms (Kindermann
et al., 2021). In cement manufacturing, technology orientation may be reflected in process automation,
distributed control systems, online monitoring, predictive maintenance, digital production planning,
energy management, process optimization, research and development, and the adoption of low-carbon
technologies.

The expected productivity benefits of technology, however, are not automatic. Technological
initiatives require financial investment, workforce training, process redesign, data integration, and
organizational adaptation. Empirical research on energy-efficiency technologies in cement plants has
shown that adoption decisions depend on feasibility, investment costs, implementation complexity, and
payback periods (Cantini et al., 2021). The quantitative assessment of industrial energy efficiency also
depends on the selection of appropriate system boundaries, baseline conditions, data aggregation levels,
and measurement methods (Andrijevskaja & Volkova, 2025). Moreover, technological, economic, and
regulatory barriers can delay or restrict the implementation of decarbonization technologies in the cement
sector (Ige & Kabeya, 2025). Therefore, a firm may report several technology projects without achieving
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an immediate increase in output per employee, particularly when projects are still under implementation
or are intended to prevent operational decline rather than expand production.

The productivity effects of technology orientation may also depend on organizational
transformation and innovation capabilities. Information technology capabilities improve performance
when they support digital orientation and meaningful transformation in organizational processes rather
than merely expanding technical infrastructure (Barba-Sanchez et al., 2024). Technology orientation may
likewise influence innovation performance through digital innovation, suggesting that technical resources
must be translated into new processes, products, and managerial practices before their performance effects
become visible (Nassani et al., 2023). Meta-analytic evidence further indicates that digital transformation
capabilities generate stronger efficiency and innovation outcomes when they are guided by a clear value-
creation purpose and strategic vision (Chang et al., 2026).

Organizational entrepreneurship is another factor that may influence productivity by enabling
firms to identify and exploit opportunities related to new products, new markets, commercialization, and
value-chain development. In cement companies, entrepreneurial initiatives may include blended and
specialized cement products, export-market expansion, pilot production, commercialization of technical
knowledge, and the development of complementary business activities. Evidence from emerging markets
suggests that international-market participation and new digital technologies can stimulate business
innovation through entrepreneurial orientation (Dana et al., 2022). Digital entrepreneurial orientation and
technological absorptive capacity have also been identified as complementary capabilities that strengthen
digital innovation and business performance (Jang & Lee, 2025). However, entrepreneurial activities may
initially increase production complexity and require experimentation, marketing, standardization, and
logistical investment, meaning that their productivity effects may emerge only after a time lag.

Strategic management may provide the organizational mechanism through which technology and
entrepreneurship are aligned with productivity objectives. Cement companies must allocate limited
financial resources, specialized labor, shutdown time, and managerial attention among competing projects
such as equipment modernization, energy-efficiency improvement, product development, market
expansion, and environmental compliance. Strategic analysis of the Iranian cement industry has
highlighted the simultaneous presence of opportunities associated with production capacity and raw-
material availability and threats related to energy shortages, unstable markets, export competition, and
policy uncertainty (Eskandari & Mohammadi-Nasab, 2023). Industry 4.0 frameworks developed for the
cement sector have also emphasized organizational diagnosis, priority setting, and continuous Plan—-Do-
Check—-Act cycles as prerequisites for effective technological transformation (Mahnashi et al., 2023).
Production decisions are additionally affected by product mix, capacity limitations, carbon taxation, and
carbon-credit costs (Tsai & Lin, 2024).

Environmental and sustainability considerations further reinforce the need for integrated
productivity management. Studies of environmental efficiency have documented substantial heterogeneity
among cement plants and significant potential for simultaneous production improvement and reduction of
undesirable outputs (Tu et al., 2022). Sustainable factory design in Iran has similarly emphasized the
integration of energy productivity, pollution control, and plant design (Eghbalian et al., 2024).
Benchmarking research in Brazilian cement plants has shown that sustainability maturity varies across
economic, managerial, and environmental dimensions (Santos Junior et al., 2026). Furthermore, evidence
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from India suggests that market-based energy policies may produce heterogeneous productivity effects,
with initially more efficient plants responding more favorably (Bansal et al., 2026). Against this
background, the present study examined the relationships of technology orientation, organizational
entrepreneurship, strategic management, and their composite index with physical labor productivity in
Iranian cement companies.

Materials and Methods

This applied study used a documentary, correlational, and econometric design. The study
population consisted of cement-producing companies listed on the Tehran Stock Exchange and Iran Fara
Bourse during fiscal years 2023-2026. The unit of analysis was the firm-reporting-period observation.
Companies were purposively selected according to the simultaneous availability of official production
data, employee information, and sufficient documentary evidence for evaluating managerial orientations.
Observations lacking cement-production figures, workforce data, or relevant managerial disclosures were
excluded, and no statistical imputation was used for missing values.

The final sample included eight firm-period observations relating to Tehran Cement, Abyek
Cement, Fars Cement, Shahroud Cement, Saveh Cement, Gharb Cement Industries, Arta Ardabil Cement,
and Behbahan Cement. Five observations were derived from 12-month reports, one from a six-month
report, and two from three-month reports. For interim reports, cement production was annualized by
assuming a constant average monthly production rate. Physical labor productivity was then calculated as
annualized cement output divided by the reported number of employees. The natural logarithm of labor
productivity was used as the dependent variable in the regression analyses.

Technology orientation, organizational entrepreneurship, and strategic management were
operationalized through documentary coding. Each construct consisted of four binary criteria scored as
one when a clear implemented or ongoing action was documented and zero when no such evidence was
found. Technology orientation covered automation or digitalization, energy- or process-improvement
technologies, online monitoring or operational data systems, and research and development or pilot
technical solutions. Organizational entrepreneurship covered new products or pilot production, entry into
new markets, commercialization or innovation programs, and new value-chain activities. Strategic
management covered explicit and trackable objectives, performance-monitoring mechanisms, risk-
management systems, and resource-allocation or investment plans aligned with organizational goals. Each
construct ranged from zero to four. A composite managerial index was calculated as the arithmetic mean
of the three construct scores.

Descriptive statistics were first calculated for all variables. Because of the small sample and the
discrete nature of the managerial scores, Spearman rank correlations were used to assess bivariate
relationships. Four separate ordinary least squares models were then estimated for technology orientation,
organizational entrepreneurship, strategic management, and the composite index. The managerial
variables were standardized before entering the models. Reporting-period type was included as a control
variable, coded one for annual reports and zero for interim reports. HC3 heteroskedasticity-robust standard
errors and the residual-degrees-of-freedom t distribution were used. Leverage values, Cook’s distance,
and sensitivity analyses were examined to evaluate the influence of individual observations and model
stability.
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Findings

Estimated labor productivity ranged from 1,076.6 to 3,204.8 tons of cement per employee. The
mean was 2,370.1 tons, the median was 2,486.3 tons, and the standard deviation was 729.4 tons per
employee. The mean scores for technology orientation, organizational entrepreneurship, strategic
management, and the composite managerial index were 2.375, 1.625, 3.500, and 2.500, respectively.
Strategic management displayed a particularly restricted range, varying only between three and four.

The Spearman correlation between labor productivity and technology orientation was 0.125, with
a p-value of 0.768. The correlation between productivity and organizational entrepreneurship was 0.222,
with a p-value of 0.597. Strategic management was negatively correlated with productivity at —0.218, with
a p-value of 0.604. The composite managerial index had a positive correlation of 0.235 with labor
productivity, with a p-value of 0.576. None of the correlations was statistically significant at the 0.05
level.

In the regression model for technology orientation, the standardized coefficient was 0.002, the
HC3 robust standard error was 0.130, and the p-value was 0.987. The 95% confidence interval ranged
from —0.333 to 0.337, while the model R? was 0.073. Thus, technology orientation showed virtually no
association with the logarithm of labor productivity.

The standardized coefficient for organizational entrepreneurship was 0.219, with an HC3 robust
standard error of 0.215 and a p-value of 0.355. Its 95% confidence interval ranged from —0.334 to 0.773.
The model Rz was 0.350 and the adjusted R2 was 0.090. Although the coefficient was positive and larger
than the technology-orientation coefficient, it was not statistically significant.

Strategic management produced a standardized coefficient of —0.068, an HC3 robust standard error
of 0.304, and a p-value of 0.831. The 95% confidence interval extended from —0.849 to 0.713, and the
model R? was 0.087. Diagnostic analysis indicated that the Tehran Cement observation had a leverage
value of one in this model, making robust inference particularly unstable.

The composite managerial index had a standardized coefficient of 0.126, an HC3 robust standard
error of 0.308, and a p-value of 0.699. The 95% confidence interval ranged from —0.665 to 0.918, while
the model R2 was 0.171. Sensitivity analyses showed that removing the reporting-period control reduced
the coefficient to 0.061. Excluding the Behbahan Cement observation left the coefficient at 0.126 but
reduced the p-value to 0.0965. Restricting the analysis to annual reports produced a coefficient of 0.124,
but the standard error increased to 1.338. Cook’s distance for Fars Cement was 1.474, indicating that this
observation exerted substantial influence on the composite-index model. Overall, none of the four
hypotheses was supported at the 0.05 significance level.

Discussion and Conclusion

The findings did not provide sufficient statistical evidence to confirm that technology orientation,
organizational entrepreneurship, strategic management, or their composite index were significantly
associated with physical labor productivity. Nevertheless, the direction and magnitude of the coefficients
offer several useful interpretations. The technology-orientation coefficient was effectively zero, but this
should not be interpreted as evidence that technology is irrelevant to cement-sector productivity. Many
technology projects require installation, adjustment, training, and organizational adaptation before their
operational benefits become visible. Some projects may also be defensive, designed to prevent equipment
failure, production losses, or deterioration in quality rather than to increase immediate output per
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employee. Consequently, their success may be reflected in avoided losses rather than observable
productivity growth.

The positive coefficient for organizational entrepreneurship was larger than the technology-
orientation coefficient, suggesting a possible relationship between opportunity-seeking activities and
productivity. New products, export markets, commercialization initiatives, and value-chain expansion
may improve the utilization of existing capacity and support output growth. However, such activities also
create short-term costs related to experimentation, standardization, marketing, production adjustments,
and logistics. Their effects may therefore appear first in sales, profitability, market share, or capacity
utilization rather than in labor productivity.

The negative and nonsignificant coefficient for strategic management should not be interpreted as
a harmful effect. The strategic-management scores had very limited variation, and the measure captured
the documented presence of objectives, monitoring, risk-management mechanisms, and investment plans
rather than the quality of their execution. Firms with similar formal structures may differ markedly in
implementation quality, resource alignment, corrective-action speed, and goal achievement. In addition,
firms facing operational difficulties may establish more formal strategic and control mechanisms, creating
the possibility of reverse causality.

The positive composite-index coefficient is consistent with the idea that technology,
entrepreneurship, and strategic management may function as complementary capabilities. However, the
wide confidence interval and strong sensitivity to individual observations demonstrate that the current
sample cannot support a precise estimate. The results were substantially affected by sample composition,
reporting-period differences, restricted score variation, and influential cases.

In conclusion, the study provides an exploratory documentary framework for linking observable
managerial actions to physical labor productivity in the cement industry. The available evidence was
insufficient to establish definitive effects, but the results indicate that future evaluations should distinguish
between planned, ongoing, and completed projects; incorporate implementation lags; measure the quality
rather than merely the presence of strategic mechanisms; and control for plant-level technical and market
characteristics. A larger multi-year panel would permit more reliable assessment of whether technology
orientation, organizational entrepreneurship, and strategic management contribute to sustained
productivity improvement in cement companies.
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