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ABSTRACT

Digital transformation in human resource management has
accelerated adoption of biometric technologies in manufacturing
organizations. This study investigates the effect of a smart biometric
attendance system on employee performance, work autonomy, and
privacy in a large Iranian manufacturing company (Saipa Automotive
Parts Manufacturing Co., Tehran). The study adopts a future-oriented
HRM perspective, examining technology-mediated performance
outcomes.

Methodology:The research is applied in purpose and uses a
descriptive-correlational design with quantitative data. The statistical
population comprised 780 employees of the production and
operations divisions. A sample of 258 was drawn via stratified random
sampling. Data were collected through a validated questionnaire and
analyzed using PLS-SEM (SmartPLS 4.0) and SPSS 27.

Findings: The biometric system significantly impacts: work quantity
(B=0.738, t=25.91), work quality ($=0.672, t=16.84), punctuality
(B=0.614, t=15.02), attendance (p=0.603, t=14.11), privacy
perception ($=0.571, t=13.45), and work autonomy (=0.543,
t=10.12). All hypotheses were confirmed at the 95% confidence level.
The model GOF index was 0.47.

Conclusion: Smart biometric systems, when implemented with
transparency and participatory design, function as strategic HR levers
that enhance performance, protect privacy, and promote employee
autonomy. Future-oriented HRM should integrate biometric data with
broader digital HR ecosystems for evidence-based people
management.
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The Impact of Smart Biometric Attendance System on Employee
Performance in Manufacturing Firms
Extended ABSTRACT

Background and Objective: The fourth industrial revolution and rapid digital transformation
have fundamentally reshaped Human Resource Management (HRM) practices in manufacturing
organizations worldwide. Biometric attendance systems—Ileveraging fingerprint recognition,
facial identification, iris scanning, and voice authentication—offer precise, real-time workforce
data that enables data-driven HRM decision-making. Iranian manufacturing firms, under
intensifying competitive pressure, have begun adopting these technologies; however, rigorous
empirical evidence regarding their organizational effects and the boundary conditions under which
they are most effective remains scarce.

This study fills this gap by investigating the direct effects of smart biometric attendance technology
on employee performance (work quantity, quality, punctuality, attendance), work autonomy, and
perceived privacy at Saipa Automotive Parts Manufacturing Co.—one of Iran's largest automotive
component producers. Critically, this study introduces and empirically tests data governance
transparency as a moderating variable, arguing that the effectiveness of biometric systems is
contingent upon the degree to which organizations communicate openly with employees about
how biometric data is collected, stored, accessed, and deleted.

Theoretical Framework: The study integrates three complementary theoretical perspectives: (1)
Organizational Information Processing Theory (Galbraith, 1974), which frames biometric systems
as uncertainty-reduction mechanisms; (2) the Technology Acceptance Model (TAM; Davis,
1989), which posits that perceived usefulness and ease of use drive technology adoption—
extended here to include data governance as a prerequisite for perceived usefulness in biometric
contexts; and (3) Self-Determination Theory (SDT; Deci & Ryan, 2003), which identifies
autonomy as a fundamental psychological need, theorized to be moderated by perceived control
over personal data (Carpenter et al., 2016). These frameworks are situated within a future-oriented
HRM paradigm (Strohmeier, 2020; Marler & Boudreau, 2017).

Methodology: The study employed a cross-sectional quantitative design with a statistical
population of 780 employees across production, quality control, and operations divisions.
Stratified random sampling yielded 258 participants. The 36-item Likert instrument (5-point scale)
was adapted from Abreham (2019), Villaroman et al. (2018), Kisame (2014), Konradt et al. (2021),
and Davis (1989), with 4 items newly developed for the data governance transparency construct.
Content validity was confirmed by 7 HRM and IT experts (CVR > 0.55). Construct validity was
assessed via CFA in SmartPLS 4.0; all indicator loadings exceeded 0.77. Reliability indicators:
Cronbach's o = 0.742-0.901; CR > 0.80; AVE > 0.50; HTMT < 0.85. For moderation testing,
interaction terms were computed using the product-indicator approach with mean-centered
variables. Hypothesis testing employed PLS-SEM with 5,000-iteration bootstrap resampling.
Findings: All seven direct-effect hypotheses and all three moderation hypotheses were confirmed
(p < 0.001). The strongest direct effect was on work quantity (B = 0.738, t = 25.91), followed by
overall employee performance (f = 0.731, t = 21.78). Counterintuitively, the system positively
influenced perceived privacy (B = 0.571) and work autonomy (p = 0.543). Post-hoc qualitative
interviews revealed that the digital self-service leave-management panel replaced opaque paper-
based processes, explaining these unexpected positive effects. Regarding moderation, data
governance transparency significantly strengthened the relationship between the biometric system
and employee performance (f_interaction = 0.312, t = 7.87) and work autonomy (f_interaction =
0.287, t = 6.23). Simple slope analysis demonstrated that at high transparency levels (+1 SD), the
biometric system—performance relationship (f = 0.891) was substantially stronger than at low
transparency levels (B = 0.571). The R? values ranged from 0.25 (punctuality) to 0.52 (work
autonomy). Overall GOF = 0.49, indicating strong model fit.

Conclusion and Implications: These findings advance HRM theory by demonstrating that data
governance transparency is a critical boundary condition for the effectiveness of biometric HR
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technologies. Smart biometric systems, when implemented with transparent and participatory data
governance frameworks, function as strategic HRM enablers rather than surveillance tools.
Organizations that invest in comprehensive data governance policies—specifying data collection
purposes, access levels, retention periods, and deletion mechanisms—alongside biometric system
deployment will achieve substantially greater performance improvements, higher employee
autonomy, and better privacy perceptions. Future HRM research should explore Al-enhanced
biometric analytics, longitudinal performance trajectories, cross-industry comparisons, and
explainable Al as a vehicle for enhancing data governance transparency.

Keywords: Biometric System, HR Technology, Employee Performance, Work Autonomy, Data
Governance Transparency, Digital Transformation, Future HRM
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