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Abstract

This study aims to examine whether Artificial Intelligence (AI)-based digital attendance and QR Code-
based digital attendance systems predict elementary school teachers’ self-reported work discipline in Kedu
District, Temanggung Regency, Indonesia. A quantitative approach was employed using a cross-sectional
explanatory survey design with an ex post facto method. The population consisted of 192 teachers from 26
public elementary schools. Using the Slovin formula with a 5% margin of error, 130 teachers were selected
through proportional random sampling. Data were collected during the 2025/2026 academic year using a
structured questionnaire measured on a five-point Likert scale. The instruments demonstrated high reli-
ability, with Cronbach’s Alpha values ranging from 0.947 to 0.964. Data were analyzed using descriptive
statistics and multiple linear regression analysis with IBM SPSS Statistics version 26. The findings indicate
that Al-based digital attendance significantly predicts teachers’ self-reported work discipline ( = 0.216, p <
.001). QR Code-based digital attendance also significantly predicts self-reported work discipline and shows
a stronger predictive contribution ( = 0.599, p < .001). The regression model demonstrates that both digi-
tal attendance systems collectively explain 48.3% of the variance in teachers’ self-reported work discipline
(R? = 0.483). These findings indicate that digital attendance systems are relevant administrative technolo-
gies associated with teacher discipline perceptions in rural elementary schools. However, because work
discipline was measured through self-reported perceptions, the findings should be interpreted as predic-
tive relationships rather than objective evidence of behavioral change. This study contributes to digital
educational management research by integrating Al-based and QR Code-based attendance systems into
a single predictive model and providing insights into technology-based administrative practices in rural
school contexts.
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1. Introduction

Education plays a fundamental role in developing human resources capable of adapting to rapid
technological, social, and economic transformations. However, enhancing educational quality re-
quires more than effective teaching and learning processes; it also depends on robust administrative
management practices that foster professional conduct and organizational effectiveness within ed-
ucational institutions. In Indonesia, educational institutions continue to encounter persistent chal-
lenges, including regional disparities in educational quality, resource constraints, and weaknesses in
educational administration and management systems [1], [2], [3]. These challenges underscore the
need to strengthen school management mechanisms that promote teacher professionalism, improve
organizational effectiveness, and ultimately contribute to the sustainable enhancement of educa-

tional quality.

Teachers constitute a central component of educational organizations, as their responsibilities ex-
tend beyond instructional activities to encompass professional commitment, administrative compli-
ance, and adherence to institutional regulations. Within the broader domain of teacher profession-
alism, work discipline represents an important organizational behavior outcome because it reflects
teachers’ consistent commitment to fulfilling their professional responsibilities [4]. Teacher work
discipline can be understood as the extent to which teachers comply with established professional
standards and organizational expectations, including punctuality, preparation for instructional activ-
ities, completion of administrative duties, and adherence to institutional regulations. Unlike teacher
performance, which generally emphasizes broader outcomes associated with instructional effective-
ness and the achievement of educational objectives, work discipline focuses more specifically on be-
havioral consistency, responsibility, and compliance within the workplace. Although attendance is
an important component of work discipline, it represents only one aspect of a broader construct that
encompasses punctuality, professional responsibility, and compliance with organizational norms and
regulations. Teachers who demonstrate high levels of work discipline are more likely to support ef-
fective learning environments, foster positive school cultures, and contribute to improved student
outcomes [5], [6], [7].

From an educational management perspective, teacher work discipline is influenced by multiple
organizational factors, including leadership, supervision mechanisms, organizational culture, in-
centives, sanctions, and professional commitment. Previous studies have demonstrated that aca-
demic supervision and school culture influence teacher performance and professional behavior [7].
In addition, the integration of technology into human resource management and educational ad-
ministration has created new opportunities to enhance monitoring, accountability, and organiza-
tional discipline [8], [9]. Digital attendance systems represent one form of administrative innova-
tion because they provide more systematic, transparent, and verifiable mechanisms for recording
attendance-related information. Nevertheless, challenges related to teacher discipline, such as in-
consistent punctuality, compliance with administrative responsibilities, and fulfillment of profes-
sional obligations, remain important concerns in educational organizations [10], [11]. Therefore,

examining digital attendance systems as predictors of teacher work discipline provides an impor-
tant perspective within educational management research.

The development of digital technology has transformed educational administration by enabling data-
driven, transparent, and efficient management practices [2] Digital transformation in education
extends beyond instructional technology and includes administrative management, monitoring sys-
tems, and organizational decision-making processes [3]. Previous studies have shown that digi-
talization can improve governance through information systems, analytics, and technology-based
monitoring mechanisms [13], [14]. One significant technological advancement within this transfor-

mation is Artificial Intelligglce(TAI), which enables systems to identify patterns, analyze information,
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support predictions, and facilitate automated decision-making [13]. In educational administration,

Al can support real-time monitoring, improve data accuracy, and enhance institutional efficiency
[14], [15].

In this study, Al-based digital attendance is conceptualized as an attendance management system
that incorporates intelligent computational capabilities beyond those provided by conventional dig-
ital attendance mechanisms. Whereas traditional digital attendance systems primarily record at-
tendance through user identification and verification processes, Al-based systems incorporate in-
telligent verification, automated data processing, analytical capabilities, and/or Al-assisted decision
support to enhance the accuracy and efficiency of attendance monitoring. Depending on their de-
sign and implementation context, such systems may integrate technologies including biometric au-
thentication, geolocation, cloud computing, and facial recognition to strengthen attendance secu-
rity, reliability, and real-time monitoring. Previous studies have demonstrated that Al-supported
attendance systems can enhance monitoring accuracy, administrative efficiency, and data quality
[16], [17]. Nevertheless, the effectiveness of Al-based attendance systems is not determined solely
by their technological capabilities; successful implementation also depends on users’ digital compe-
tence, technological readiness, and acceptance of technological change [18], [19], [20]. This suggests
that the organizational value of Al-based attendance systems depends on the interaction between
technological functionality and users’ capacity and willingness to adopt and utilize the technology
effectively.

Besides Al-based attendance, QR Code-based attendance represents another form of digital atten-
dance technology with different characteristics. QR Code-based attendance relies on rapid digital
identification through QR scanning mechanisms, emphasizing accessibility, simplicity, and opera-
tional efficiency. While Al-based attendance focuses on intelligent verification and analytical pro-
cessing, QR Code-based attendance focuses on ease of operation, rapid recording, and direct user
interaction. Therefore, these two technologies should be considered as distinct technological con-
structs within the broader domain of digital attendance systems rather than interchangeable forms
of the same technology. Previous studies have demonstrated that QR Code-based attendance sys-
tems can reduce recording errors, accelerate attendance processing, and improve transparency in
attendance management [21], [22], [23], [24], [25]. However, similar to Al-based systems, success-

ful implementation of QR Code attendance depends on users’ perceptions regarding usefulness and
ease of use.

The relationship between digital attendance systems and teacher work discipline can be explained
through the Technology Acceptance Model (TAM), which serves as the primary theoretical foun-
dation of this study. TAM proposes that technology adoption is determined primarily by perceived
usefulness and perceived ease of use. Users are more likely to accept and consistently utilize a
technology when they perceive that the system provides benefits and requires limited effort. In
the context of digital attendance systems, technological characteristics such as Al-based verification
capability, QR Code accessibility, recording speed, accuracy, and administrative efficiency may in-
fluence teachers’ perceptions of usefulness and ease of use. These perceptions may subsequently
influence technology acceptance and compliance behavior, which are associated with teachers’ self-
reported work discipline.

Based on TAM, this study conceptualizes Al-based and QR Code-based digital attendance systems as
technological predictors that may contribute to variations in teachers’ self-reported work discipline
through acceptance and compliance mechanisms. The proposed relationship follows the pathway:
technology characteristics — perceived usefulness/perceived ease of use — technology acceptance
and compliance behavior — self-reported work discipline.

However, technology acceptance alone may not fully explain how digital attendance systems are
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related to workplace behavior. Therefore, Institutional Theory and Behavioral Control Theory are
incorporated as complementary perspectives. Institutional Theory explains that organizational be-
havior is shaped by formal rules, norms, expectations, and accountability mechanisms. Within
schools, digital attendance systems may strengthen institutional expectations by creating standard-
ized, transparent, and verifiable attendance records [9]. Meanwhile, Behavioral Control Theory ex-
plains that monitoring mechanisms and behavioral regulation can influence individual compliance.
Digital attendance systems may support behavioral control by increasing monitoring visibility, re-
ducing opportunities for inaccurate attendance reporting, and reinforcing responsibility through
documented records.

Although previous studies have investigated artificial intelligence, digital transformation, and QR
Code-based attendance systems, much of the existing literature has concentrated on system de-
velopment, technical performance, implementation, and administrative efficiency rather than on
their potential influence on teachers’ behavioral outcomes. Empirical evidence concerning the pre-
dictive relationship between Al-based and QR Code-based attendance systems and teachers’ self-
reported work discipline remains limited, particularly in rural elementary school settings. This
gap is partly attributable to the tendency of previous research to examine these attendance tech-
nologies independently rather than comparatively within a common organizational and behavioral
framework [3], [16], [23]. Moreover, research on teacher work discipline has frequently emphasized
attendance-related behavior or overall teacher performance, with comparatively less attention to
broader dimensions of professional responsibility, administrative compliance, and workplace behav-
ioral consistency. Consequently, the relationship between technology-enabled attendance monitor-
ing and teachers’ broader work discipline remains insufficiently understood, particularly in resource-
constrained rural educational contexts.

This study addresses these gaps by developing a predictive model that examines the relationship
between Al-based and QR Code-based digital attendance systems and elementary school teachers’
self-reported work discipline. The study focuses on public elementary schools in Kedu District,
Temanggung Regency, Indonesia, representing a rural educational context where digital transfor-
mation provides both opportunities and implementation challenges.

Based on the proposed conceptual framework, this study examines whether Al-based and QR Code-
based digital attendance systems significantly predict elementary school teachers’ self-reported work
discipline. Therefore, the hypotheses are formulated as follows: H1: Al-based digital attendance sig-
nificantly predicts elementary school teachers’ self-reported work discipline. H2: QR Code-based
digital attendance significantly predicts elementary school teachers’ self-reported work discipline.
H3: Al-based and QR Code-based digital attendance systems collectively provide significant predic-
tive value for elementary school teachers’ self-reported work discipline.

2. Methods

This study employed a quantitative approach using a cross-sectional explanatory survey design with
an ex post facto method to examine whether Al-based digital attendance and QR Code-based digital
attendance systems predict elementary school teachers’ self-reported work discipline. An explana-
tory survey design was used to analyze statistical relationships among variables based on respon-
dents’ perceptions, while the ex post facto approach was selected because the digital attendance
systems had already been implemented without experimental manipulation. Therefore, the findings
represent predictive relationships rather than causal effects. The research was conducted in public
elementary schools located in Kedu District, Temanggung Regency, Central Java, Indonesia. Kedu
District was selected because it represents a rural educational context where schools have adopted
digital transformation initiatives while still facing challenges related to technological adaptation,
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infrastructure readiness, and teacher digital competence. This setting provides an appropriate con-
text for examining the relationship between digital attendance technologies and teacher behavioral
outcomes in non-urban schools.

The population consisted of 192 elementary school teachers from 26 public elementary schools in
Kedu District, Temanggung Regency. The sampling frame was based on the official list of active
teachers registered during the 2025/2026 academic year. Schools were selected based on the follow-
ing criteria: (1) public elementary schools located in Kedu District; (2) schools that had implemented
Al-based and/or QR Code-based digital attendance systems; and (3) schools that allowed teacher
participation. Teachers were selected as the unit of analysis because the dependent variable was
teacher self-reported work discipline, referring to teachers’ perceived compliance with professional
responsibilities, organizational regulations, and workplace expectations.

The sample size was determined using the Slovin formula with a 5% margin of error, resulting in
130 respondents. Respondents were selected using proportional random sampling to ensure pro-
portional representation from each participating school. The inclusion criteria were: (1) active ele-
mentary school teachers in Kedu District; (2) teachers who had experience using digital attendance
systems implemented by their schools; (3) teachers who were able to evaluate the attendance system;
(4) teachers who voluntarily participated; and (5) teachers who completed the questionnaire. Incom-
plete responses were excluded. The final sample consisted of 130 teachers, representing a response
rate of 67.7% (130/192).

The study examined three variables: Al-based digital attendance (X;), QR Code-based digital atten-
dance (X;), and teacher self-reported work discipline (Y). The operationalization of variables was
developed based on previous theoretical concepts and empirical studies related to digital attendance
systems, technology acceptance, organizational monitoring, and teacher professional behavior.

Al-based digital attendance refers to teachers’ perceptions regarding the implementation and use-
fulness of artificial intelligence capabilities integrated into attendance systems. Unlike conventional
digital or biometric attendance systems, Al-based attendance emphasizes intelligent verification, au-
tomated processing, analytical capability, and Al-assisted monitoring functions. The indicators were
developed based on previous studies regarding Al-supported attendance systems [16], [13].

QR Code-based digital attendance refers to teachers’ perceptions regarding the implementation and
usability of QR Code technology for attendance recording and monitoring. This construct empha-
sizes accessibility, ease of scanning, operational simplicity, and rapid attendance recording. The
indicators were developed based on previous studies regarding QR Code attendance systems [21],
[25].

Teacher self-reported work discipline refers to teachers’ perceptions regarding their own compliance
with school regulations, professional responsibilities, punctuality, and workplace behavior. The con-
struct was developed from concepts of professional responsibility, organizational discipline, punc-
tuality, and professional conduct [5], [7]. Because standardized behavioral records were unavailable

across all participating schools, the measurement reflects perceived discipline behavior rather than
objectively observed disciplinary outcomes.

All variables were measured using a structured questionnaire with a five-point Likert scale ranging
from 1 = strongly disagree to 5 = strongly agree. Higher scores indicate stronger perceptions of
digital attendance system characteristics and higher levels of self-reported work discipline. Table 1
presents the operationalization of the research variables, including dimensions, indicators, number
of items, measurement scale, scoring structure, and example questionnaire statements.
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Table 1. Operationalization of Research Variables

Variable Dimension Indicators Number of Example Item
Items
Al-Based Digital Intelligent ver-  Al-assisted 5items “The Al-based atten-
Attendance (X1) ification and  verification, dance system accu-
automation automated rately verifies my at-
attendance tendance.”
processing
Accuracy and  Accurate 5items “The system provides
monitoring records, real- reliable attendance
capability time monitoring records that can be
monitored in real
time.”
Administrative Faster ad-  4items “The Al attendance
efficiency ministrative system improves effi-
processing and ciency in attendance
reduced errors administration.”
QR Code-Based Ease of use and Easeofscanning, 5items “The QR Code atten-
Digital Atten-  accessibility accessibility, dance system is easy
dance (X3) user friendliness for me to operate.”
Speed and accu-  Fast recording  4items “QR Code attendance
racy and accurate records my atten-
attendance data dance quickly and
accurately.”
Administrative Improved atten-  4items “The QR Code system
efficiency dance manage- simplifies attendance
ment process administration.”
Teacher  Work  Attendance and  Attendance 5items “l  attend school
Discipline (Y) punctuality consistency and according to the
punctuality established working
schedule”
Responsibility Completion 5items “l  complete my
and compliance of duties and professional respon-
adherence  to sibilities according to
regulations school regulations.”
Professional be-  Professional 5items “l maintain  pro-

havior and self-
control

conduct, co-
operation, and
communication

fessional  behavior
in carrying out my
duties.”

291

Teacher self-reported work discipline was measured through perceptions rather than direct behav-
ioral observations. To minimize potential common method bias, questionnaire items were devel-
oped based on established theoretical dimensions and previous empirical studies [5], [7], [16], [25].
Respondents were informed that their responses were confidential and used only for academic pur-
poses. Validity and reliability testing were conducted before hypothesis testing. However, self-
reported measurement remains a limitation because perceptions may not fully represent objectively
observed behavior. Future studies should integrate objective indicators, including digital attendance

logs, lateness records, absenteeism data, and supervisor assessments.

Data analysis involved descriptive statistics and inferential analysis. Classical assumption tests were
conducted before multiple linear regression analysis. Regression analysis was applied to exam-
ine whether Al-based digital attendance (X;) and QR Code-based digital attendance (X;) signifi-
cantly predict teacher self-reported work discipline (Y). The regression model was formulated as
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Y = o+ 31 X1 + 32Xz + €. The t-test was used to examine individual predictors, the F-test was used
to evaluate the overall model, and R? was used to determine the proportion of variance explained by
both predictors. Statistical significance was determined at & = 0.05.

3. Results and Discussion

3.1 Results

Before conducting statistical analysis, the reliability of the research instruments was examined us-
ing Cronbach’s Alpha coefficient. Reliability testing was conducted to determine the internal con-
sistency of the measurement items representing Al-based digital attendance (X;), QR Code-based
digital attendance (X3), and teacher self-reported work discipline (Y). The reliability test results are
presented in Table 2.

Table 2. Reliability Test Results of Research Instruments

Variable Cronbach’s Alpha Interpretation

Al-Based Digital Attendance (X;) 0.947 Excellent reliability
QR Code-Based Digital Attendance (X3) 0.958 Excellent reliability
Teacher Work Discipline (Y) 0.964 Excellent reliability

Source: Processed research data (2026).

The results indicate that all variables obtained Cronbach’s Alpha values above the recommended
threshold of 0.70, demonstrating excellent internal consistency. Therefore, all measurement instru-
ments were considered reliable and appropriate for further statistical analysis.

Descriptive Statistics of the Research Variables Descriptive statistical analysis was conducted to ex-
amine the characteristics of the three research variables: Al-based digital attendance (X;), QR Code-
based digital attendance (X3), and teacher self-reported work discipline (Y). The analysis included
mean, median, standard deviation, minimum, maximum, range, and 95% confidence interval (CI) of
the mean. Table 3 presents the descriptive statistical results.

Table 3. Descriptive Statistics of the Research Variables

Variables Mean Median Std. De- Minimum Maximum Range 95%
viation Cl  For
Mean
Teacher Work Discipline  172.07 173.00 11.91 118.00 207.00 89.00 170.00 -
) 174.14
Al Based Digital Atten- 173.89 173.00 11.61 147.00 210.00 63.00 171.88 -
dance (X1) 175.91
QR Code Based Digital At-  171.95 171.00 12.41 135.00 206.00 71.00 169.79 -
tendance (X;) 174.10

Source: Processed research data (2026).

The descriptive results indicate that respondents generally reported positive perceptions toward
Al-based digital attendance, QR Code-based digital attendance, and their own work discipline. The
relatively high mean scores suggest that digital attendance systems were implemented and perceived
positively within the participating elementary schools.

Pearson Correlation Analysis A Pearson correlation analysis was conducted to examine the rela-
tionships among research variables and to provide preliminary evidence regarding the relationships
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between the independent variables. The correlation coefficients among the variables are presented
in Table ??.

Table 4. Pearson Correlation Matrix among Research Variables

Variables Teacher Work Al-Based Digital QR Code-Based
Discipline (Y) Attendance (X;) Digital  Atten-
dance (X3)
Teacher Work Discipline (Y) 1.000 0.594 0.692
Al-Based Digital Attendance (X;) 0.594 1.000 0.797
QR Code-Based Digital Attendance  0.692 0.797 1.000
(Xa)

Note: p < 0.01 (two-tailed); N = 130.
Source: Processed research data (2026).

The correlation analysis demonstrates that Al-based digital attendance had a moderate positive re-
lationship with teacher self-reported work discipline (r = 0.594, p < .001). QR Code-based digi-
tal attendance showed a stronger positive relationship with teacher self-reported work discipline
(r = 0.692, p < .001). These findings indicate that teachers who reported more positive percep-
tions of digital attendance systems also tended to report higher levels of work discipline. The cor-
relation between Al-based and QR Code-based digital attendance was relatively high (r = 0.797,
p < .001). This strong relationship indicates that both technologies share several characteristics as
digital attendance systems, particularly in supporting attendance monitoring, recording accuracy,
transparency, and administrative efficiency. However, the high correlation does not indicate that
the two constructs represent the same technological concept.

Conceptually, Al-based digital attendance and QR Code-based digital attendance represent different
technological approaches within the broader domain of digital attendance systems. Al-based digi-
tal attendance emphasizes intelligent verification, automated processing, analytical capability, and
Al-assisted monitoring functions. In contrast, QR Code-based digital attendance emphasizes ac-
cessibility, ease of scanning, operational simplicity, and rapid attendance recording. Therefore, the
observed correlation reflects their shared role in improving digital attendance management while
maintaining distinct technological characteristics and user interaction mechanisms.

To determine whether the high correlation affected the regression model, multicollinearity testing
was conducted using the Variance Inflation Factor (VIF). The VIF value obtained was 2.746, which
is below the commonly accepted threshold of 10. Therefore, although Al-based and QR Code-based
digital attendance systems are strongly related conceptually and statistically, both variables remain
distinguishable and suitable for inclusion as separate predictors in the regression model.

3.1.1 Classical Assumption Tests

Before conducting multiple linear regression analysis, normality, linearity, multicollinearity, and
heteroscedasticity tests were performed. The results are summarized in Table 5.

Table 5. Classical Assumption Test Results

Type of Test Indicator Value Criterion Decision
Kolmogorov-Smirnov Asymp. Sig. 0.200 > 0.05 Normal
Test

Linearity X; with Y Sig.  Deviation  0.997 > 0.05 Linear

from Linearity

Continued on next page
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Table 5 - Continued from previous page

Type of Test Indicator Value Criterion Decision
Linearity X, with Y Sig.  Deviation  0.368 > 0.05 Linear
from Linearity

Multicollinearity VIF 2.746 <10 No Multi-
collinearity

Heteroscedasticity (X;) Sig. 0.397 > 0.05 No Het-
eroscedasticity

Heteroscedasticity (X;) Sig. 0.574 > 0.05 No Het-

eroscedasticity

Source: Processed research data (2026).

The Kolmogorov-Smirnov test produced an Asymp. Sig. value of 0.200, indicating that the regression
residuals were normally distributed. The deviation-from-linearity values for X;-Y (0.997) and X,-Y
(0.368) confirmed linear relationships. The VIF value of 2.746 indicated that multicollinearity was
not a concern despite the relatively high correlation between X; and X,. The heteroscedasticity tests
for X; (0.397) and X, (0.574) exceeded 0.05, indicating homoscedastic residual variance.

3.1.2 Multiple Linear Regression Analysis

Multiple linear regression analysis was conducted to examine whether Al-based and QR Code-based
digital attendance systems significantly predict teacher self-reported work discipline. The regression
results are presented in Table 6.

Table 6. Results of the Multiple Linear Regression Analysis

Variables B B t Sig.

Constant 52.535 - 4.510 < 0.001
Al Based Digital Attendance (X;) 0.419 0.216 3.101 < 0.001
QR Code Based Digital Attendance (X;) 0.575 0.599 5.667 < 0.001

Dependent variable: Teacher Work Discipline (Y)
Source: Processed research data (2026).

The regression equation was: Y = 52.535 +0.419X; +0.575X; + €. The regression results indicate that
Al-based digital attendance significantly predicts teacher self-reported work discipline (f = 0.216,
t = 3.101, p < .001). Therefore, H1 was supported. QR Code-based digital attendance also signifi-
cantly predicts teacher self-reported work discipline (3 = 0.599, t = 5.667, p < .001), supporting H2.
The standardized coefficient indicates that QR Code-based digital attendance provides a stronger
predictive contribution compared with Al-based digital attendance.

3.2 Discussion

3.2.1 Al-Based Digital Attendance as a Predictor of Teacher Work Discipline

The findings of this study indicate that Al-based digital attendance significantly predicts elemen-
tary school teachers’ self-reported work discipline. This finding suggests that teachers who per-
ceive Al-based attendance systems more positively tend to report higher levels of discipline related
to punctuality, attendance accountability, and professional responsibility. Al-based attendance sys-
tems may contribute to this relationship through automated verification, real-time monitoring, and
improved attendance record accuracy, which can support transparency and reduce opportunities for
inaccurate attendance reporting.

The observed relationship can be interpreted through the Technology Acceptance Model (TAM),
which posits that technology acceptance is primarily shaped by users’ perceptions of its usefulness
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and ease of use. In the context of teacher attendance management, Al-based systems may provide
functional advantages through intelligent verification, automated data processing, and data-driven
monitoring. When teachers perceive such systems as useful for improving administrative efficiency,
enhancing transparency, and strengthening institutional accountability, they may be more inclined
to accept the technology and comply with established attendance procedures. This interpretation is
further supported by Institutional Theory, which suggests that organizational practices and formal
rules can shape individual behavior by establishing shared norms and expectations.

From this perspective, digital attendance systems may reinforce institutional norms by translating
attendance regulations into transparent, standardized, and traceable records [9]. In addition, Behav-
ioral Control Theory provides a complementary explanation by emphasizing the role of monitoring
and perceived behavioral constraints in shaping compliance. Automated monitoring mechanisms
may strengthen accountability by increasing the visibility and traceability of attendance behavior,
while simultaneously reducing opportunities for inaccurate reporting or attendance manipulation.
Taken together, these theoretical perspectives suggest that Al-based attendance systems may be
associated with teacher work discipline through interconnected technological, institutional, and be-
havioral mechanisms.

The finding is consistent with previous studies demonstrating that artificial intelligence can support
educational administration through improved data analysis, monitoring capability, and evidence-
based decision-making [13], [14], [26], [27], [28], [29]. Previous research has also shown that Al-
based attendance systems can improve attendance verification accuracy, administrative efficiency,
and monitoring effectiveness [16], [17]. In addition, digital human resource management studies in-
dicate that technology-supported monitoring systems can strengthen organizational accountability
and support more objective management processes [30], [31], [32], [33]. However, this study pro-
vides a different perspective compared with previous studies that often emphasize the technological
advantages of Al systems. Although Al-based attendance demonstrated a significant predictive rela-
tionship with teacher discipline, its contribution was weaker than QR Code-based attendance. This
finding suggests that technological sophistication does not automatically translate into stronger be-
havioral outcomes. While AI provides advanced capabilities such as intelligent recognition, auto-
mated analysis, and predictive functions, many of these processes occur behind the system interface

and may not be directly experienced by teachers in daily attendance activities.

This result extends previous research by indicating that the behavioral value of Al-based systems
depends not only on technological capability but also on user experience, digital competence, train-
ing availability, and organizational readiness. Previous studies have emphasized that successful Al
implementation requires digital competence, user readiness, and organizational support [19], [20],

[34], [35], [36], [37]. Therefore, differences in implementation quality, technical assistance, system

reliability, infrastructure availability, and teacher familiarity may explain variations in how Al-based
attendance systems are associated with teacher discipline.

3.2.2 QR Code-Based Digital Attendance as a Predictor of Teacher Work Discipline

The findings demonstrate that QR Code-based digital attendance significantly predicts teacher self-
reported work discipline and provides a stronger predictive contribution compared with Al-based
attendance. This finding indicates that technological characteristics closely connected with teach-
ers’ daily activities, particularly simplicity, accessibility, speed, and direct interaction, may generate
stronger behavioral responses.

This finding is consistent with TAM, which explains that perceived usefulness and perceived ease
of use influence technology acceptance and utilization [38]. QR Code-based attendance provides a

straightforward process through which teachers perform scanning activities and immediately re-
ceive attendance confirmation. This direct interaction may strengthen the relationship between
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individual behavior and organizational expectations. From the perspective of Institutional Theory,
QR Code attendance also strengthens organizational accountability by establishing standardized at-
tendance procedures and transparent digital records [9]. Behavioral Control Theory further explains

that immediate recording and monitoring mechanisms encourage compliance because teachers are
aware that their attendance behavior is systematically documented.

The findings support previous studies showing that QR Code-based attendance systems improve at-
tendance recording efficiency, transparency, accessibility, and administrative management [21], [22],

[23], [24], [25]. Previous research has demonstrated that QR Code systems can accelerate attendance

processes, reduce recording errors, and support effective monitoring mechanisms in educational and
organizational environments [17], [18], [39], [40], [41], [42], [43], [44].

However, unlike previous studies that primarily highlight technical efficiency, this study contributes
additional evidence regarding behavioral outcomes. The stronger predictive contribution of QR
Code-based attendance compared with Al-based attendance suggests that usability and direct user
engagement may be more influential than technological complexity in shaping teacher discipline. In
rural educational contexts, where digital competence and technological resources may vary, systems
requiring fewer operational demands may produce more consistent behavioral responses.

This finding does not indicate that QR Code technology is universally superior to Al technology.
Instead, it suggests that the effectiveness of digital attendance systems depends on the alignment
between technological characteristics, user capability, organizational readiness, and institutional
needs. Previous studies have emphasized that successful digital transformation requires user par-
ticipation, organizational readiness, and alignment between technology and institutional conditions
[28], [45], [46], [38], [47], [48].

3.2.3 Predictive Contribution of Al-Based and QR Code-Based Digital Attendance Systems

The overall regression model demonstrates that Al-based and QR Code-based digital attendance
systems significantly predict teacher self-reported work discipline (F = 59.424, p < .001), explaining
48.3% of the variance in teacher discipline. This finding indicates that digital attendance technologies
collectively contribute to strengthening accountability, monitoring, and compliance mechanisms
within schools.

This finding supports the integration of TAM, Institutional Theory, and Behavioral Control Theory.
TAM explains that teachers are more likely to adopt digital attendance systems when they perceive
them as useful and easy to use [38]. Al-based attendance contributes through intelligent verifi-
cation, automated processing, and data analysis, whereas QR Code-based attendance contributes
through accessibility, simplicity, and immediate confirmation. Institutional Theory explains that
digital attendance strengthens organizational norms through standardized and verifiable records [9].

Meanwhile, Behavioral Control Theory explains that continuous monitoring mechanisms increase
accountability and encourage compliance.

The finding is consistent with previous research demonstrating that digital technologies can im-
prove organizational governance, transparency, monitoring effectiveness, and data-driven decision-
making. Previous studies also indicate that artificial intelligence and digital transformation support
administrative efficiency and evidence-based management practices [49], [50], [30], [31], [32].

Nevertheless, the model explains only 48.3% of the variance, indicating that 51.7% of teacher self-
reported work discipline is explained by other factors outside the model. This unexplained variance
provides an important direction for future research. Teacher discipline is a multidimensional orga-
nizational behavior that may also be influenced by leadership style, academic supervision, school
organizational culture, professional commitment, motivation, workload, and institutional enforce-
ment mechanisms [5], [6], [7]. In addition, individual digital competence, technology anxiety, train-
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ing experience, and perceived organizational support may influence how teachers respond to digital
attendance systems [19], [20].

Contextual factors may also contribute to the remaining variance. Differences in infrastructure qual-
ity, internet stability, technical support availability, and consistency of school policies may affect the
extent to which digital attendance systems are integrated into daily professional practices. There-
fore, digital attendance should not be viewed as an independent solution for improving teacher
discipline but as one component within a broader educational management system.

This study contributes to digital educational management literature by extending understanding
of digital attendance systems from technical implementation toward organizational behavior out-
comes. While previous research has frequently examined attendance technologies separately or fo-
cused on system functionality, this study demonstrates that multiple digital attendance approaches
can jointly predict teacher self-reported work discipline through mechanisms of technology accep-
tance, accountability, and behavioral control [35], [37], [51], [52]. These findings imply that schools

should not only adopt digital technologies but also ensure adequate training, infrastructure support,
leadership commitment, and implementation strategies to maximize their organizational value.

4. Conclusion

This study demonstrates that Al-based digital attendance and QR Code-based digital attendance
systems are significant predictors of elementary school teachers’ self-reported work discipline in
Kedu District, Temanggung Regency. The findings indicate that teachers who reported more posi-
tive perceptions of Al-based digital attendance also tended to report higher levels of work discipline.
Similarly, QR Code-based digital attendance demonstrated a stronger predictive contribution than
Al-based digital attendance within the regression model. However, this difference should be in-
terpreted based on the measured predictive relationships rather than assuming that QR Code-based
attendance is inherently superior or that specific technological characteristics directly cause stronger
discipline outcomes.

The simultaneous regression analysis further indicates that Al-based and QR Code-based digital
attendance systems collectively explain a substantial proportion of the variance in teachers’ self-
reported work discipline. These findings suggest that digital attendance systems represent relevant
administrative technologies within educational management contexts, particularly in supporting
structured attendance monitoring practices. However, the findings should be interpreted within the
scope of the variables examined, as this study measured teachers’ perceptions of digital attendance
systems and self-reported work discipline rather than objective behavioral changes.

From a practical perspective, school administrators should consider the alignment between digi-
tal attendance implementation and teachers’ experiences when adopting attendance technologies.
Schools implementing Al-based attendance systems should ensure adequate technical support, user
guidance, and continuous evaluation to facilitate effective utilization. Similarly, schools implement-
ing QR Code-based attendance systems should maintain consistent procedures, system reliability,
and clear attendance regulations. Rather than focusing solely on technological sophistication, edu-
cational institutions should consider implementation readiness, teacher acceptance, and contextual
suitability when managing digital transformation initiatives.

For policymakers and local education authorities, the findings highlight the importance of support-
ing digital transformation through comprehensive implementation strategies. Providing digital in-
frastructure, teacher technology development programs, technical assistance, and evaluation mech-
anisms may support sustainable adoption of digital attendance systems, particularly in rural edu-
cational settings. However, technology implementation should be accompanied by organizational
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support factors because digital attendance represents only one component of teacher discipline man-
agement.

Several limitations should be acknowledged when interpreting the findings of this study. First, the
study relied on self-reported questionnaire data, which may be subject to subjective perceptions,
recall errors, and social desirability bias. The exclusive use of self-reported measures may also in-
troduce common-method bias, particularly when both technology-related perceptions and teacher
work discipline are assessed using the same data source. Second, the cross-sectional ex post facto de-
sign limits the ability to establish temporal precedence and, consequently, to draw causal inferences
regarding the relationships between digital attendance systems and teacher work discipline. Third,
the study was conducted among public elementary school teachers in Kedu District, Temanggung
Regency, which may constrain the external validity of the findings and limit their transferability
to other geographical regions, educational levels, school ownership structures, or institutional con-
texts. In addition, potential selection bias cannot be ruled out because the study included schools that
had already implemented digital attendance systems. Teachers working in these schools may differ
systematically from those in schools that have not adopted such systems in terms of technological
readiness, organizational practices, leadership, or institutional resources.

Future research should address these limitations by employing longitudinal, quasi-experimental, or
comparative research designs that provide stronger evidence regarding temporal relationships and
potential causal mechanisms. Researchers should also integrate self-reported measures with objec-
tive behavioral indicators, including digital attendance logs, absenteeism records, punctuality data,
administrative records, and supervisor assessments, to reduce reliance on a single data source and
strengthen measurement validity. Further research could also incorporate additional explanatory
variables that were not examined in the present model, such as digital leadership, organizational
culture, teachers’ digital competence, technology readiness, professional commitment, and imple-
mentation quality. Examining these factors may help clarify the organizational and individual mech-
anisms through which digital attendance systems are associated with teacher professional behavior.
Extending such investigations across different geographical regions, educational levels, and institu-
tional settings would further enhance the robustness and generalizability of the evidence concerning
technology-enabled attendance management and teacher work discipline.
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