Pre prints.org

Article Not peer-reviewed version

Hard Quality Management as a Mediator
Between Soft TQM Practices and
Financial Sustainability in Higher
Education

Abbos Utkirov "
Posted Date: 23 January 2026
doi: 10.20944/preprints202601.1650.v1

Keywords: total quality management; soft quality management; hard quality management; non-financial
performance; financial performance; higher education institutions; mediation analysis

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of
(=] Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/3814765
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 January 2026 d0i:10.20944/preprints202601.1650.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Hard Quality Management as a Mediator Between
Soft TQM Practices and Financial Sustainability in
Higher Education

Abbos Utkirov 12

! Westminster International University in Tashkent; autkirov@gmail.com

2 Management Development Institute of Singapore in Tashkent

Abstract

Total Quality Management (TQM) is increasingly adopted by higher education institutions (HEIs) to
enhance institutional effectiveness under growing performance and accountability pressures.
However, empirical evidence remains limited regarding the mechanisms through which TQM
practices influence non-financial and financial performance outcomes. This study examines the
mediating roles of Hard Quality Management practices and Non-Financial Performance in the
relationship between Soft Quality Management practices and Financial Performance in higher
education institutions. A quantitative research design was employed using survey data collected
from academic and administrative staff across public and private HEIs. The hypothesised direct and
indirect relationships were tested using mediation analysis implemented through Hayes’” PROCESS
macro, enabling a robust examination of multiple mediation pathways. The results indicate that Soft
Quality Management practices significantly enhance both Hard Quality Management practices and
Non-Financial Performance. Hard Quality Management practices partially mediate the relationships
between Soft Quality Management practices and both Non-Financial and Financial Performance,
while Non-Financial Performance also serves as a significant mediator linking Soft Quality
Management practices to Financial Performance. The persistence of significant direct effects suggests
partial mediation, indicating that Soft Quality Management practices operate through both
formalised systems and complementary behavioural and cultural mechanisms. Overall, the findings
position TQM as a governance-oriented framework that strengthens institutional performance
through interconnected quality pathways in higher education institutions.

Keywords: total quality management; soft quality management; hard quality management; non-
financial performance; financial performance; higher education institutions; mediation analysis

1. Introduction

The Higher education institutions (HEIs) worldwide operate under increasing pressure to
enhance quality, accountability, and performance sustainability while responding to rapid
technological change, labour-market transformation, and evolving stakeholder expectations. As
higher education systems expand and diversify, universities are no longer evaluated solely on access
and scale but also on their ability to convert resources into sustained non-financial and financial
performance outcomes. In this context, Total Quality Management (TQM) has emerged as a
governance-oriented management philosophy aimed at improving organisational effectiveness
through continuous improvement, stakeholder orientation, and systematic process control [1,2].

A substantial body of literature conceptualises TQM as a multidimensional framework
composed of soft quality management (QM) practices, such as leadership commitment, people
management, and stakeholder focus, and hard QM practices, including formalised procedures,
performance measurement systems, and information-based decision-making mechanisms [3]. Soft
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QM practices are widely regarded as shaping organisational culture and behavioural norms, whereas
hard QM practices translate strategic quality intentions into operational routines and measurable
outputs. Although this distinction is well established in manufacturing and service sectors, its
application and performance implications in higher education remain less clearly understood.

These issues are particularly salient in higher education systems undergoing rapid reform. Over
the past decade, Uzbekistan’s higher education sector has experienced unprecedented quantitative
growth in institutional numbers, student enrolment, and academic programmes, accompanied by
investments in infrastructure and staff remuneration. Despite this expansion, persistent challenges
remain, including skills mismatches between graduates and labour-market needs, uneven
curriculum modernisation, and governance inefficiencies. In response, the Concept for the
Development of the Higher Education System of the Republic of Uzbekistan until 2030 explicitly
promotes institutional autonomy, financial independence, and self-financing mechanisms while
maintaining public oversight. Under these reforms, universities are increasingly responsible for
managing revenues and expenditures, strengthening internal governance, and demonstrating
measurable performance outcomes [8-12].

The shift toward greater institutional autonomy intensifies the strategic relevance of quality
management systems that can integrate leadership, people-centred practices, and formal operational
controls. Non-financial performance outcomes—such as organisational effectiveness, stakeholder
satisfaction, and internal process improvement—are increasingly recognised as critical precursors to
sustainable financial performance in service-oriented organisations, including universities. However,
empirical evidence explaining how soft and hard QM practices interact to produce such outcomes in
higher education remains fragmented.

The COVID-19 pandemic further exposed structural vulnerabilities in higher education by
accelerating digitalisation and testing institutional readiness for rapid organisational change.
Universities were required to adopt technology-enhanced learning, digital administration, and new
performance monitoring practices under conditions of uncertainty. These developments have
reinforced the importance of data-driven decision-making, systematic performance monitoring, and
adaptive governance, all of which align closely with TQM principles. At the same time, they
highlighted the growing role of digital and Al-enabled tools in operationalising quality management
frameworks within higher education institutions.

Despite these developments, several critical research gaps persist in the existing literature. First,
most empirical studies in higher education examine soft and hard QM practices in isolation, offering
limited insight into their sequential and mediating relationships in explaining non-financial and
financial performance outcomes. Second, although mediation and moderation mechanisms are
widely discussed conceptually, advanced conditional process approaches capable of modelling
complex causal pathways remain underutilised in higher education quality management research.
Third, empirical evidence from emerging and transitional contexts, such as Uzbekistan and Central
Asia, remains scarce, despite profound structural reforms and increasing institutional financial
responsibility.

Fourth, and most critically, while digitalisation and artificial intelligence are increasingly
acknowledged as enablers of institutional sustainability, there is a notable lack of studies that
operationalise TQM-based performance frameworks through functional, Al-driven digital platforms
in higher education. Existing research largely treats TQM as a conceptual or managerial construct,
with limited attention to how its principles can be embedded into digital systems that support
continuous quality monitoring, service evaluation, and evidence-based decision-making. In the
Uzbek context, the absence of empirically grounded, Al-enabled quality management platforms
represents a significant gap between theoretical models and practical implementation.

Against this background, the present study aims to examine the mediating roles of Hard Quality
Management practices and Non-Financial Performance in the relationship between Soft Quality
Management practices and Financial Performance in higher education institutions, while accounting
for institutional context. Using mediation and conditional process analysis, the study provides
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empirical evidence from a higher education system undergoing rapid expansion, financial
decentralisation, and digital transformation. By complementing empirical modelling with an applied,
Al-driven quality management framework embodied in the BrightBridge.uz platform, the study
demonstrates not only the explanatory relevance but also the practical scalability of TQM-based
performance models in contemporary higher education systems. Collectively, the findings contribute
to the TQM and higher education management literature and offer actionable insights for
institutional leaders and policymakers seeking to enhance governance effectiveness, performance
sustainability, and data-driven quality improvement.

2. Literature Review and Hypotheses Development

2.1. Total Quality Management in Higher Education

Total Quality Management (TQM) has been widely applied as a comprehensive management
philosophy aimed at improving organisational performance through continuous improvement,
stakeholder orientation, and systematic control of processes [1,2]. In the higher education context,
TQOM has been adopted to address growing demands for accountability, efficiency, and performance
sustainability under conditions of institutional expansion and increasing autonomy [24]. Prior studies
suggest that effective quality management in universities requires both cultural commitment and
formalised systems capable of translating strategic intent into operational outcomes [25].

The TQM literature commonly distinguishes between Soft Quality Management (Soft QM) and
Hard Quality Management (Hard QM) practices [3]. Soft QM focuses on human-centred and strategic
dimensions, such as leadership commitment, people management, student focus, and strategic
planning, which shape organisational culture and behavioural norms [26]. Hard QM, in contrast,
emphasises system-based and technical dimensions, including process management, performance
measurement, information and analysis, and continuous improvement mechanisms [27]. This
distinction is particularly relevant in higher education institutions, where governance complexity
and stakeholder diversity require both relational alignment and procedural discipline.

2.2. Soft Quality Management and Performance Outcomes

Soft Quality Management practices are generally regarded as the foundation of effective quality
systems, as they foster leadership commitment, employee engagement, and a shared quality culture
across the organisation [28]. In higher education, leadership support and people-oriented
management have been associated with improved communication, staff engagement, and reduced
institutional resistance to change [29]. These outcomes contribute directly to Non-Financial
Performance, including stakeholder satisfaction, organisational effectiveness, and internal system
improvements [30].

The literature further suggests that improvements in non-financial outcomes often precede and
enable financial performance gains, particularly in service-oriented organisations such as universities
[22,31]. Enhanced staff engagement, improved service processes, and stronger stakeholder
relationships may reduce inefficiencies, improve retention and graduation rates, and stabilise
revenue flows over time [32]. Accordingly, Non-Financial Performance is frequently conceptualised
as a key mediating mechanism linking management practices to financial outcomes in higher
education.

Hypothesis 1 (H1)

Non-Financial Performance mediates the relationship between Soft Quality Management

practices and Financial Performance.

2.3. Mediating Role of Hard Quality Management Practices

While Soft QM establishes the cultural and strategic orientation toward quality, numerous
studies argue that performance outcomes are realised primarily through Hard Quality Management
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practices, which operationalise quality objectives via formalised systems and controls [33]. Process
management, information systems, and continuous improvement routines enable organisations to
standardise activities, monitor performance, and correct deviations systematically [27,34].

In higher education institutions, Hard QM practices play a crucial role in transforming
leadership intentions and stakeholder orientation into measurable improvements in academic and
administrative processes [35]. Empirical evidence from service and public-sector organisations
suggests that Soft QM practices positively influence the implementation of Hard QM practices, which
in turn drive performance outcomes [36]. This sequential relationship indicates that Hard QM may
act as a critical intermediary between Soft QM and institutional performance.

Hypothesis 2 (H2)

Hard Quality Management practices mediate the relationship between Soft Quality
Management practices and Non-Financial Performance.

Beyond non-financial outcomes, Hard QM practices may also influence Financial Performance
directly by improving cost control, operational efficiency, and resource utilisation [37]. In higher
education systems characterised by increasing financial autonomy and self-financing mechanisms,
the role of structured quality systems becomes particularly salient [12,13]. Universities that effectively
institutionalise Hard QM practices may be better positioned to manage financial risks and enhance
long-term financial sustainability.

Hypothesis 3 (H3)

Hard Quality Management practices mediate the relationship between Soft Quality

Management practices and Financial Performance.

2.4. Moderating Role of Institution Type

Institutional context has been recognised as an important contingent factor shaping the
effectiveness of quality management systems [38]. In higher education, institution type (e.g., public
vs. private) may influence governance structures, resource dependence, performance incentives, and
managerial flexibility [39]. These differences can affect how Non-Financial Performance outcomes
translate into the adoption and effectiveness of Hard Quality Management practices.

Private institutions, often operating under stronger market pressures and financial constraints,
may exhibit a stronger alignment between non-financial outcomes and system-based quality controls.
Public institutions, in contrast, may experience weaker or more regulated linkages due to
bureaucratic structures and reliance on state funding [40]. This suggests that institution type may
moderate the relationship between Non-Financial Performance and Hard Quality Management
practices.

Hypothesis 4 (H4)

Institution type moderates the relationship between Non-Financial Performance and Hard

Quality Management practices.

2.5. Conceptual Model

Based on the reviewed literature, the study proposes a conceptual model in which Soft Quality
Management practices influence Non-Financial and Financial Performance through the mediating
roles of Hard Quality Management practices and Non-Financial Performance, with institution type
acting as a contextual moderator. The proposed model integrates human-centred and system-based
perspectives of quality management and reflects the governance challenges faced by higher
education institutions operating under increasing autonomy and accountability (figure 1).
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* Continuous Improvement
+ Program Design
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(moderator -Z)

Figure 1. Research Model (TQM-Performance Model).
3. Materials and Methods

3.1. Research Design

This study employed a quantitative, cross-sectional research design to examine the
relationships between Soft Quality Management (Soft QM) practices, Hard Quality Management
(Hard QM) practices, Non-Financial Performance (NFP), and Financial Performance (FP) in higher
education institutions. A survey-based approach was adopted as it is suitable for analysing
organisational practices and institutional performance perceptions and enables the testing of complex
mediation and moderation relationships within higher education settings.

3.2. Sample and Data Collection

The target population comprised academic and administrative staff working in public and
private higher education institutions. These respondent groups were selected due to their direct
involvement in academic delivery, administrative operations, and quality-related processes,
ensuring informed evaluation of institutional management practices.

Data were collected using a structured questionnaire administered through both online and
paper-based formats. Participation was voluntary. After screening for incomplete and invalid
responses, the final sample consisted of 211 respondents, including academic and administrative
staff. All participants were informed about the purpose of the study prior to data collection.

3.3. Measurement of Constructs

All study constructs were measured using validated multi-item scales adapted from established
quality management and higher education performance literature. Responses were recorded using a
Likert-type scale indicating the degree of agreement with each statement.

e Soft Quality Management (Soft QM) was operationalised through leadership commitment,
people management, strategic planning, and stakeholder (student) focus.

e Hard Quality Management (Hard QM) captured system- and process-oriented practices,
including formalised procedures, process management, information and analysis, and continuous
improvement mechanisms.

¢ Non-Financial Performance (NFP) reflected institutional outcomes such as improved
communication, reduced complaints, staff engagement, service effectiveness, and internal
operational improvements.
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¢ Financial Performance (FP) was measured using perceptual indicators reflecting enrolment
growth, graduation rate improvement, dropout reduction, financial stability, and perceived
financial sustainability.
The use of perceptual performance indicators is consistent with prior organisational and higher
education research, particularly in contexts where objective financial data are not publicly accessible.

3.4. Reliability and Validity

Internal consistency reliability was assessed using Cronbach’s alpha, with all constructs
exceeding recommended threshold values, indicating satisfactory reliability. Construct validity was
evaluated through factor analysis procedures to confirm the dimensional structure of the
measurement scales prior to hypothesis testing. These procedures ensured that the constructs
adequately represented the underlying theoretical concepts and were appropriate for mediation and
moderation analysis.

3.5. Data Analysis Procedure

Hypotheses were tested using mediation and moderation analysis implemented through Hayes’
PROCESS macro for IBM SPSS. This approach enables the estimation of direct, indirect, and
conditional effects and provides bias-corrected bootstrap confidence intervals for mediation effects,
which do not rely on normality assumptions.

Separate PROCESS models were specified to test:

e the mediating role of Non-Financial Performance in the relationship between Soft QM practices
and Financial Performance;

e the mediating role of Hard QM practices in the relationship between Soft QM practices and Non-
Financial Performance;

e the mediating role of Hard QM practices in the relationship between Soft QM practices and
Financial Performance; and

e the moderating effect of institution type on the relationship between Non-Financial Performance
and Hard QM practices.

Bootstrapping with a large number of resamples was applied to assess the statistical significance
of indirect and conditional effects.

3.6. Ethical Considerations

Ethical approval for this study was granted by the Research Ethics Committee of Westminster
International University in Tashkent (WIUT). Participation was voluntary, and informed consent was
obtained from all respondents prior to data collection. Confidentiality and anonymity were strictly
maintained, and no personally identifiable information was collected. All procedures adhered to
established ethical standards for social research.

3.7. Data Availability

The data supporting the findings of this study are available from the corresponding author upon
reasonable request. Due to confidentiality agreements with participating institutions, the dataset is
not publicly deposited. Aggregated or anonymised data may be shared for replication purposes
subject to ethical and institutional restrictions.

3.8. Generative Artificial Intelligence Disclosure

Generative artificial intelligence tools were used solely for language refinement and clarity
improvement during manuscript preparation. No generative Al tools were used for study design,
data collection, data analysis, statistical modelling, or interpretation of results.
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4. Results

This section presents the empirical findings of the study. It begins with descriptive statistics and
reliability analysis of the study constructs, followed by a summary interpretation providing the
foundation for subsequent mediation and moderation analyses.

Table 1. Descriptive Statistics and Reliability Results for Study Constructs.

Measurem No. Std. Cronba
Main Construct Sub-Construct / Dimension of N Mean  Deviatio ch's
ent Type
Items n alpha
Top Management Support (SQ1) Reflective 6 211 47480 1.39171
Strategic Planning (SQ2) Reflective 6 211 47536  1.37632  (.765
Soft Quality - _
Management (Soft Supplier Management (SQ3) Reflective 4 211 45403  1.32001
QM)
People  Management (SQ4) Reflective 7 211 51726  1.38816
Student Focus (SQ5) Reflective 4 211 51291 1.41239

Process Management: Educational &

Research (HQ1) Reflective 4 211 4.8590  1.41357

_ Administrative Quality (HQ2) Reflective =~ 4 211 49040 134340 0.818
Hard Quality
Ma”ageg‘&r)‘t (Hard Information and Analysis (HQ3) Reflective 5 211 50815 1.41535
Continuous Improvement (HQ4) Reflective 4 211 4.6564  1.30606
Program Design (HQ5) Reflective 5 211 47090 1.60549
Financial

Performance (FP) - Reflective 5 211 49536 1.27613 0.801

Non-Financial
Performance (NFP)

- Reflective 7 211 47962 1.23968  0.691

Note: Financial and Non-Financial Performance are unidimensional reflective constructs; thus, no sub-

dimensions are reported (a > 0.70). Further details are provided in Appendix A.

4.1. Descriptive Statistics and Reliability Analysis

The analysis is based on survey data collected from 211 academic and administrative staff
members, including senior management, employed at higher education institutions. The inclusion of
multiple staff categories enhances the representativeness of the dataset by capturing institutional
quality management practices and performance outcomes from diverse organisational perspectives.
All constructs were measured using a seven-point Likert scale (1 = strongly disagree; 7 = strongly
agree).

Table 1 reports the descriptive statistics (means and standard deviations) and Cronbach’s alpha
coefficients for all quality management and performance constructs. Mean values above the scale
midpoint indicate neutral-to-positive perceptions, while values approaching or exceeding 5.0 reflect
moderate agreement regarding the extent of quality management implementation and perceived
performance improvements.

4.1.1. Soft Quality Management Practices

Soft Quality Management (Soft QM) demonstrates acceptable internal consistency reliability
(Cronbach’s a=0.765), confirming that the indicators collectively measure a coherent latent construct.
Mean scores for the Soft QM dimensions range from 4.54 to 5.17, indicating moderate to moderately
high implementation levels across the sampled higher education institutions.
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Among the Soft QM dimensions, People Management records the highest mean score (Mean =
5.17, SD = 1.39), followed by Student Focus (Mean = 5.13, SD = 1.41), suggesting comparatively
stronger practices related to staff engagement, training, teamwork, and student-oriented quality
mechanisms. In contrast, Supplier Management reports the lowest mean (Mean = 4.54, SD = 1.32),
indicating limited integration of external partners into institutional quality improvement processes.

Top Management Support (Mean = 4.75, SD = 1.36) and Strategic Planning (Mean = 4.75, SD =
1.38) exhibit moderate scores, implying that formal leadership commitment and strategic frameworks
are present but not yet consistently embedded into routine academic and administrative practices.
The relatively similar standard deviations (SD = 1.32-1.41) indicate moderate variability in
behavioural and leadership-driven quality practices across institutions.

4.1.2. Hard Quality Management Practices

Hard Quality Management (Hard QM) exhibits strong internal consistency reliability
(Cronbach’s a = 0.818), exceeding recommended threshold values and supporting the robustness of
the construct. Mean values range from 4.66 to 5.08, reflecting generally positive evaluations of
system-based and procedural quality practices.

The Information and Analysis dimension records the highest mean score (Mean = 5.08, SD =
1.42), indicating relatively consistent use of data, performance indicators, and analytical tools for
quality monitoring and decision-making. Administrative Quality (Mean =4.90, SD =1.34) and Process
Management in Education and Research (Mean = 4.86, SD = 1.41) also demonstrate favourable
perceptions, suggesting that formalised administrative and academic processes are reasonably well
established.

In contrast, Continuous Improvement (Mean = 4.66, SD = 1.30) and Programme Design (Mean =
4.71, SD = 1.61) show comparatively lower mean scores, indicating that systematic and iterative
improvement mechanisms are not yet fully institutionalised. Overall, the relatively consistent
standard deviations across Hard QM dimensions suggest lower variability compared to Soft QM,
implying more uniform implementation of technical and system-oriented practices across
institutions.

4.1.3. Financial and Non-Financial Performance

Financial Performance is operationalised as a unidimensional reflective construct and
demonstrates good internal reliability (Cronbach’s a = 0.801). The mean score (Mean =4.95, SD =1.28)
indicates moderately positive perceptions of financial outcomes, including enrolment growth,
improved graduation rates, and enhanced institutional financial sustainability associated with
quality management initiatives. The observed dispersion suggests variability in perceived financial
effects across institutions.

Non-Financial Performance also represents a unidimensional reflective construct with
acceptable reliability (Cronbach’s a = 0.691). The mean value (Mean = 4.80, SD = 1.24) reflects
generally positive perceptions of improvements in internal communication, operational efficiency,
service quality, and staff engagement. The slightly lower reliability coefficient is consistent with the
broader and more heterogeneous nature of non-financial performance outcomes in higher education
settings.

4.1.4. Summary of Descriptive Findings

Overall, the descriptive statistics and reliability analysis confirm that all constructs meet
minimum reliability thresholds and exhibit sufficient variance, providing a robust empirical basis for
subsequent mediation and moderation analyses. The findings indicate that Soft QM practices show
greater variability, reflecting differences in leadership, behavioural, and cultural implementation
across institutions, whereas Hard QM practices are applied more consistently. Additionally, non-
financial performance improvements appear more immediate and stable, while financial
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performance outcomes exhibit greater dispersion, consistent with their longer-term and context-
dependent nature.

4.2. Construct Validity and Dimensionality Assessment

4.2.1. KMO and Bartlett’s Test Results for Staff Constructs

Table 2 presents the results of the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy
and Bartlett’s Test of Sphericity for the staff-related constructs included in the study. These tests were
conducted to assess the suitability of the data for exploratory factor analysis.

Table 2. KMO and Bartlett’s Test of Sphericity Results for Staff Constructs.

9 2
Construct KMO ( App?oa)ztlcggi-ss,)éuare) df Sig. (p-value)
Soft Quality Management (Soft QM) 0.878 4223.450 351 <0.001
Hard Quality Management (Hard QM) 0.899 3577.568 231 <0.001
Financial Performance (FP) 0.745 338.768 10 <0.001
Non-Financial Performance (NFP) 0.719 566.634 21 <0.001

For Soft Quality Management (Soft QM), the KMO value of 0.878 indicates very good sampling
adequacy, suggesting that the inter-item correlations are sufficient to identify reliable underlying
factors. Bartlett’s Test of Sphericity is statistically significant (x? = 4223.450, df = 351, p < .001),
confirming that the correlation matrix is appropriate for factor extraction.

Similarly, Hard Quality Management (Hard QM) demonstrates excellent sampling adequacy
with a KMO value of 0.899. The significant Bartlett’s test result (x2=3577.568, df =231, p <.001) further
supports the factorability of the Hard QM items.

For Financial Performance (FP), the KMO value (0.745) exceeds the recommended minimum
threshold, indicating acceptable sampling adequacy. Bartlett’s Test of Sphericity is significant (x2 =
338.768, df =10, p <.001), confirming that the items share sufficient common variance to justify factor
analysis.

Likewise, Non-Financial Performance (NFP) records a satisfactory KMO value (0.719), and
Bartlett’s test is significant (x2 = 566.634, df =21, p <.001), indicating that the data structure is suitable
for factor extraction.

Overall, the consistently high KMO values and statistically significant Bartlett’s Test results
across all constructs demonstrate that the datasets possess adequate inter-item correlations and
sampling adequacy. These findings provide strong empirical justification for proceeding with
exploratory factor analysis of the Soft Quality Management, Hard Quality Management, Financial
Performance, and Non-Financial Performance constructs.

4.2.2. PCA Results for Composite Variables:

Table 3 presents the results of principal component analysis conducted on the composite quality
management and performance variables. Based on the Kaiser retention criterion (eigenvalues > 1.00),
two components were retained. Component 1 exhibited an eigenvalue of 1.688 and explained 42.21%
of the total variance, indicating a dominant shared variance across the constructs. Component 2
recorded an eigenvalue of 1.087 and accounted for an additional 27.19% of the variance. Collectively,
these two components explained 69.40% of the cumulative variance, exceeding recommended
thresholds for construct validation in social science research.

Table 3. PCA Results for Composite Variables: Eigenvalues and Explained Variance.

Component (interpretation label) Eigenvalue % of Variance Cumulative %
Component 1 (dominant shared variance) 1.688 42.21 42.21
Component 2 (secondary shared variance) 1.087 27.19 69.40

Component 3 (residual variance) 0.912 22.79 92.19

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1650.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 January 2026 d0i:10.20944/preprints202601.1650.v1

10 of 30
Component (interpretation label) Eigenvalue % of Variance Cumulative %
Component 4 (minor residual variance) 0.312 7.81 100.00

Extraction method: Principal Component Analysis (PCA).
Retention criterion: Eigenvalues > 1.00.

Components 3 and 4, with eigenvalues below unity, explained residual variance and were
therefore not retained for interpretation. Overall, the PCA results confirm sufficient shared variance
among the composite variables and support the appropriateness of using aggregated measures in
subsequent mediation and moderation analyses.

4.2.3. Correlation Analysis of Quality Management Practices and Performance Outcomes

Table 4 presents the Pearson correlation coefficients among Soft Quality Management (Soft QM),
Hard Quality Management (Hard QM), Financial Performance (FP), and Non-Financial Performance
(NFP). All correlations are positive and statistically significant at the 0.01 level (two-tailed), based on
a sample of 211 observations.

Table 4. Pearson Correlation Matrix for Quality Management Practices and Performance Outcomes.

Soft Quality Hard Quality Financial Non-Financial
Construct
Management Management Performance Performance
Soft Quality Management 1
Hard Quality Management 0.738*** 1
Financial Performance 0.307*** 0.332*** 1
Non-Financial Performance 0.393*** 0.419*** 0.677*** 1

Notes: Pearson correlations (two-tailed); *** p < 0.01; N = 211: Composite mean scores derived from validated
EFA solutions (Appendix B).

A strong positive correlation is observed between Soft QM and Hard QM (r = 0.738, p < 0.001),
indicating that institutions demonstrating higher levels of people-centred and leadership-oriented
quality practices also tend to exhibit stronger process-based and system-driven quality practices.
While the magnitude of this relationship is substantial, it remains below the commonly cited
multicollinearity concern threshold (r < 0.80), supporting the theoretical view that Soft and Hard QM
represent related but conceptually distinct dimensions of Total Quality Management.

Both Soft QM (r = 0.393, p < 0.001) and Hard QM (r = 0.419, p < 0.001) show moderate positive
associations with Non-Financial Performance, suggesting that quality management practices are
meaningfully linked to improvements in outcomes such as communication effectiveness, reduced
complaints, staff engagement, and system improvements. The slightly stronger correlation of Hard
QM with NFP reflects the critical role of structured processes, information systems, and continuous
improvement mechanisms in enhancing operational and stakeholder-related outcomes.

Similarly, Financial Performance is positively correlated with Soft QM (r = 0.307, p < 0.001) and
Hard QM (r = 0.332, p <0.001). These findings indicate that quality management practices contribute
not only to operational and relational outcomes but also to tangible financial gains, such as increased
enrolments, improved graduation rates, and profitability. Although these relationships are moderate
in strength, they are theoretically meaningful given the indirect and often delayed nature of financial
returns from quality initiatives in higher education.

The strongest correlation in the matrix is observed between Non-Financial Performance and
Financial Performance (r = 0.677, p < 0.001). This result provides robust preliminary support for the
proposed mediating role of Non-Financial Performance, suggesting that improvements in non-
financial outcomes serve as a key mechanism through which quality management practices translate
into enhanced financial performance.

Overall, the correlation results are consistent with the hypothesised model and provide a sound
empirical basis for subsequent regression, mediation, and moderation analyses using Hayes’
PROCESS macro. The pattern and magnitude of correlations indicate meaningful relationships
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without evidence of problematic multicollinearity, thereby justifying advancement to causal
modelling.

Collectively, the correlation findings align with the theoretical framework and justify further
investigation of direct, mediated, and moderated relationships among quality management practices
and performance outcomes.

4.3. Mediation Analysis of Non-Financial Performance in the Relationship between Soft Quality
Management and Financial Performance (H12)

Table 5. Mediation Analysis of Non-Financial Performance in the Relationship between Soft Quality

Management and Financial Performance (H1).

Standardiz
o,
Path Relationship B SE t 95% BCo?tstrap ed Effect Result
®
a  OSoftQuality Management — o) a9 §1g5 <001  [0.376,0.728] 0.393 Supported

Non-Financial Performance

p ~ NonFinancial Performance o g0 057 11875 <001  [0505,0706] 0658  Supported
— Financial Performance

Soft Quality Management —

c Financial Performance 0.063 0072 0.874 0383 [-0.079,0.203] 0.048 Not
. supported
(direct)
axp ~IndirecteffectviaNon-—g30,  gog5  _ _ [0.202,0.463] 0259  Supported

Financial Performance
Note. N = 211. Analysis conducted using PROCESS macro v4.2 (Hayes, 2022), Model 4. Bootstrap confidence

intervals are percentile-based with 5,000 resamples and a 95% confidence level. R?=0.155 for the mediator model

(Non-Financial Performance) and R? = 0.460 for the outcome model (Financial Performance). Mediation is
supported when the bootstrap confidence interval of the indirect effect does not include zero. The statistically
significant indirect effect combined with a non-significant direct effect (¢') indicates indirect-only (full) mediation
(Zhao et al., 2010) (Appendix 14).

The mediation analysis conducted using PROCESS macro (Model 4) provides strong empirical
support for H1, which posits that Non-Financial Performance mediates the relationship between Soft
Quality Management practices and Financial Performance in higher education institutions (Table 5).
The mediation analysis reported in Table 5 was conducted using the PROCESS macro (Model 4) with
bias-corrected bootstrapping procedures, following established methodological recommendations
for mediation testing [4,5]. The results indicate that Soft Quality Management (SQM) practices exert
a statistically significant and positive effect on Non-Financial Performance (NFP) (path a: B = 0.552,
SE =0.089, t =6.185, p <0.001; = 0.393). This finding suggests that leadership commitment, people
management, strategic planning, and student-focused quality practices contribute meaningfully to
improvements in non-financial institutional outcomes, including internal process effectiveness, staff
engagement, service quality, and stakeholder satisfaction.

In turn, Non-Financial Performance demonstrates a strong and statistically significant positive
effect on Financial Performance (FP) (path b: B = 0.605, SE = 0.051, t = 11.875, p <0.001; = 0.658). This
relationship indicates that improvements in non-financial performance dimensions translate into
tangible financial benefits for higher education institutions, such as enhanced enrolment stability,
revenue growth, and improved financial sustainability. The mediation model explains a substantial
proportion of variance in Financial Performance (R? = 0.460), underscoring the practical relevance
and explanatory power of the proposed model.

Importantly, once Non-Financial Performance is introduced into the model, the direct effect of
Soft Quality Management on Financial Performance becomes statistically non-significant (path c": B
= 0.063, SE = 0.072, p = 0.383). At the same time, the bootstrapped indirect effect of Soft Quality
Management on Financial Performance via Non-Financial Performance remains statistically
significant (a x b =0.334; 95% bootstrap CI [0.202, 0.463]), with a meaningful completely standardized
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indirect effect (§ = 0.259). Consistent with contemporary mediation analysis standards, mediation is
confirmed because the bootstrap confidence interval for the indirect effect does not include zero [39].

According to the mediation typology proposed by Zhao et al. [40], the presence of a statistically
significant indirect effect combined with a non-significant direct effect indicates indirect-only (full)
mediation. These findings demonstrate that Soft Quality Management practices do not directly
enhance financial outcomes; rather, their influence is fully transmitted through improvements in
Non-Financial Performance. Accordingly, H1 (Non-financial performance mediates the relationship
between Soft Quality Management practices and financial performance) is fully supported.

H1 examines whether Non-Financial Performance mediates the relationship between Soft
Quality Management and Financial Performance. The mediation structure is specified as follows:

Mediator equation:

NFP = oo+ or:SQOM + &1 (1)

Outcome equation:

FP =P+ PrNFP +B,SQM + &2 (2)

The indirect effect of Soft Quality Management on Financial Performance is calculated as a1 x 31
(Appendix D). The indirect effect of Soft Quality Management on Financial Performance remains
statistically significant (a x b = 0.334; 95% bootstrap CI [0.202, 0.463]) ... mediation is confirmed
because the bootstrap confidence interval for the indirect effect does not include zero [39].

4.4. Mediation Analysis of Hard Quality Management in the Relationship between Soft Quality
Management and Non-Financial Performance (H2)
The mediation analysis presented in Table 6 was conducted using the PROCESS macro (Model

4) with bootstrap resampling procedures, following established mediation analysis guidelines [4,5].

Table 6. Mediation Analysis of Hard Quality Management in the Relationship between Soft Quality

Management and Non-Financial Performance (H2).

Path Relationship B SE t p Bog?:{?'ap St%?gi:(z;;)ed Result
Cl
a oM Q‘g{ﬂgm"&”jﬁ:&z‘;g Hard 5810 0051  15.83 ol [5)971131] 0.738 Supported
b N Binancial prmence. 0361 0418 306 003 g 0.283 Supported
o Soganaﬁg:;yp':)"ff‘gfr?gr?g‘t@;et'g” 0259 0130 199 .047 %)gf% 0.185 Supported
axp ndirect e&zzta‘éfmﬁ:d Quality 593 0116 — %)gf] 0.209 Supported

Note. N =211. PROCESS macro v4.2 (Hayes, 2022), Model 4. Bootstrap confidence intervals are percentile-based
with 5,000 resamples and a 95% confidence level. R?=0.545 for the mediator model (Hard Quality Management)
and R?2=0.191 for the outcome model (Non-Financial Performance). Mediation is supported when the bootstrap

confidence interval of the indirect effect does not include zero.

The results indicate that Soft Quality Management (SQM) practices exert a strong and
statistically significant positive effect on Hard Quality Management (HQM) (path a: B = 0.812, SE =
0.051, +=15.83, p <0.001; 3 = 0.738). This finding demonstrates that people-centred, leadership-driven,
and strategic quality practices strongly facilitate the development and institutionalisation of system-
based, procedural, and process-oriented quality mechanisms within higher education institutions
(table 6).

Further, Hard Quality Management has a statistically significant positive effect on Non-
Financial Performance (NFP) (path b: B =0.361, SE =0.118, t=3.06, p = 0.003; = 0.283), indicating that
formalised quality systems, administrative processes, information management, and continuous
improvement practices contribute meaningfully to improvements in internal efficiency, service
consistency, and stakeholder-related performance outcomes. The mediation model explains a
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substantial proportion of variance in Hard Quality Management (R? = 0.545) and a meaningful
proportion of variance in Non-Financial Performance (R? = 0.191), supporting the explanatory
relevance of the proposed pathway.

Importantly, when Hard Quality Management is introduced into the model, the direct effect of
Soft Quality Management on Non-Financial Performance remains statistically significant (path c¢’: B
= 0.259, SE = 0.130, p = 0.047; 3 = 0.185). At the same time, the bootstrapped indirect effect of Soft
Quality Management on Non-Financial Performance via Hard Quality Management is also
statistically significant (a x b = 0.293; 95% bootstrap CI [0.076, 0.533]), with a meaningful completely
standardized indirect effect (3 = 0.209). Mediation is supported as the confidence interval of the
indirect effect does not include zero, consistent with accepted mediation testing standards [39].

H2 examines whether Hard Quality Management mediates the relationship between Soft
Quality Management and Non-Financial Performance.

Mediator equation:

HOM=v,+v1rSQOM + &5 (3)

Outcome equation:

NEFP =00+ 01-HOM + 0,:SQM + &4 (4)

The indirect effect is computed as y1 x 01 and evaluated using bootstrap confidence intervals
(Appendix D).

According to the mediation typology proposed by Zhao et al. [40], the simultaneous presence of
a statistically significant indirect effect and a statistically significant direct effect indicates
complementary (partial) mediation. This finding suggests that Soft Quality Management practices
influence Non-Financial Performance both directly —through behavioural, cultural, and leadership
mechanisms—and indirectly by enabling the development of structured and system-based quality
management practices. Accordingly, H2 (Hard Quality Management mediates the relationship
between Soft Quality Management practices and Non-Financial Performance) is supported.

4.5. Mediation Analysis of Hard Quality Management in the Relationship between Soft Quality
Management and Financial Performance (H3)

The mediation analysis presented in Table 7 was conducted using PROCESS macro v4.2 (Model
4) with bootstrapped confidence intervals, in accordance with established mediation analysis
procedures [4,5]. The results indicate that Soft Quality Management (SQM) practices have a strong
and statistically significant positive effect on Hard Quality Management (HQM) (path a: B =0.812, SE
= 0.051, t = 15.83, p < 0.001; B = 0.738), confirming that leadership commitment, people-oriented
practices, and quality culture are critical enablers of structured quality systems and process-based
controls in higher education institutions.

Table 7. Mediation Analysis of Hard Quality Management (PROCESS Model 4):.

Relationship between Soft Quality Management and Financial Performance (H3)

[0)
Path Relationship B SE t p Bo?)fsf;ap Stg?gi:c::;)ed Result
Cl
a Soft QM — Hard QM 0.812 0.051 1583 <.001 [5)971131] 0.738 Supported
Hard QM — Financial [0.048,
b Performance 0.272 0113 240 017 0.495] 0.232 Supported
, Soft QM — Financial [-0.070, Not
c Performance 0176 0.125 141  .159 0.421] 0.136 supported
Supported
axb Soft QM — Hard QM — 0221 0113 —  — [0.011, 0.171 (Full
Financial Performance 0.459] mediation)

Note. N = 211. Mediation analysis was conducted using PROCESS macro v4.2 (Hayes, 2022), Model 4. Bootstrap
confidence intervals are percentile-based with 5,000 resamples and a 95% confidence level. The coefficient of

determination for the mediator model (Hard Quality Management) was R? = 0.545, while the outcome model
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(Financial Performance) explained R? = 0.119 of the variance. Mediation is supported when the bootstrap

confidence interval of the indirect effect does not include zero.

Further, Hard Quality Management exerts a statistically significant positive effect on Financial
Performance (path b: B = 0.272, SE = 0.113, t = 2.40, p = 0.017; p = 0.232), indicating that formalised
quality procedures, administrative controls, and system-based process management contribute
directly to improved financial outcomes. The mediation model explains a substantial proportion of
variance in Hard Quality Management (R? = 0.545) and a meaningful proportion of variance in
Financial Performance (R?=0.119).

Importantly, when Hard Quality Management is included in the model, the direct effect of Soft
Quality Management on Financial Performance becomes statistically non-significant (path ¢": B =
0.176, SE = 0.125, p = 0.159). At the same time, the bootstrapped indirect effect of Soft Quality
Management on Financial Performance through Hard Quality Management remains statistically
significant (a x b = 0.221; 95% bootstrap CI [0.011, 0.459]; 3 = 0.171), as the confidence interval does
not include zero. This pattern satisfies the criteria for mediation under contemporary bootstrapping-
based mediation frameworks [39].

H3 tests whether Hard Quality Management mediates the relationship between Soft Quality
Management and Financial Performance.

Outcome equations:

HOM =A¢+A1:SQM + &5 (5)

FP=po+ urHOQM + 1o:SQOM + &6 (6)

The mediation effect is represented by the product A; x p; (Appendix D).

According to the mediation typology proposed by Zhao et al. [40], the presence of a statistically
significant indirect effect combined with a non-significant direct effect indicates indirect-only (full)
mediation. These findings demonstrate that Soft Quality Management practices influence Financial
Performance entirely through the institutionalisation of Hard Quality Management practices, rather
than through a direct pathway. Accordingly, H3 (Hard Quality Management mediates the
relationship between Soft Quality Management practices and Financial Performance) is fully
supported.

4.6. Moderation Analysis of Institution Type (H4)

The moderation analysis conducted using the PROCESS macro v4.2 (Model 1) provides robust
empirical support for H4, demonstrating that institution type significantly moderates the relationship
between Non-Financial Performance (NFP) and Hard Quality Management (HQM) practices (Table
8). The overall model explains a meaningful proportion of variance in HQM practices (R2=0.213, p <
0.001), indicating adequate explanatory power for the proposed moderation framework [4,5].

Table 8. Moderating Effect of Institution Type on the Relationship between Non-Financial Performance and

Hard Quality Management Practices (H4).

Path Relationship B SE t p 95% Bootstrap Cl Result
a Non-Financial Pg,tjl’rma”ce —Had 399 0059 6793 <.001  [0.283,0515]  Supported
b Institution Type — Hard QM 1.335 0.507 2.633 .009 [0.335, 2.334] Supported
c NFP X Institution Type —» Hard QM —0.211  0.103  —2.043  .042 [-0.415, —0.007] Supported
— AR? due to interaction — — — — 0.016 —
— Conditional effect (Public institutions)  0.399 0.059 6.793 <.001 [0.283, 0.515] Significant
_ Conditional effect (Private 0188 0085 2205 029  [0.020,0.355] Significant

institutions)
Note. N = 211. PROCESS macro v4.2 (Hayes, 2022), Model 1. Institution type coded as 0 = public, 1 = private.
Bootstrap confidence intervals are percentile-based with 5,000 resamples at the 95% confidence level.

Standardized coefficients are not reported, as PROCESS does not provide standardized estimates for moderated
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models. Moderation is supported when the interaction term is statistically significant and the bootstrap

confidence interval does not include zero.

Non-Financial Performance exhibits a strong and statistically significant positive effect on Hard
Quality Management practices (B = 0.399, SE = 0.059, t = 6.793, p < 0.001), suggesting that institutions
achieving higher levels of service effectiveness, stakeholder satisfaction, and operational
performance are more likely to formalise these outcomes through structured systems, procedures,
and process-based quality controls. This finding aligns with the Total Quality Management logic that
performance outcomes are subsequently institutionalised via technical and procedural mechanisms
[39,40].

Critically, the interaction term between Non-Financial Performance and institution type is
statistically significant (B = -0.211, SE = 0.103, t = -2.043, p = 0.042), with a modest but meaningful
increase in explained variance attributable to the interaction effect (AR? = 0.016). This confirms the
presence of a moderating effect and indicates that the strength of the NFP — HQM relationship varies
across institutional contexts [4].

Conditional effects analysis further reveals that the positive relationship between Non-Financial
Performance and Hard Quality Management practices is stronger in public higher education
institutions (B =0.399, p <0.001) than in private institutions (B = 0.188, p =0.029). This pattern suggests
that public institutions are more inclined to convert non-financial performance improvements into
formalised quality management systems, likely due to stronger regulatory oversight, accountability
requirements, and governance frameworks. In contrast, although private institutions also translate
non-financial gains into HQM practices, the weaker magnitude of this relationship reflects greater
managerial autonomy and more flexible, market-driven operational priorities.

H4 examines whether institution type moderates the relationship between Non-Financial
Performance and Hard Quality Management.

Interaction equation:

HQM = 6y + 0:-NFP + 0,-IT + 03-(NFP x IT) + &7 (7)

Moderation is supported when the interaction term 0; is statistically significant (Appendix D).

Overall, these results provide clear empirical support for H4, highlighting the importance of
institutional context in shaping how performance improvements are embedded within formal quality
management systems. The findings reinforce contemporary quality management theory by
demonstrating that the effectiveness of performance—quality linkages is contingent upon
organisational and governance environments [39,40].

5. Discussion

5.1. Applied Novelty and Practical Implications of the Al-Enabled TQM Roadmaps

Figure 2 presents an Operational Al-Enabled Total Quality Management (TQM) Roadmap
implemented through the BrightBridge.uz platform, illustrating the structured progression from data
and resource integration to Al-enabled quality processes, service-level outputs, and strategic
performance impacts. Unlike traditional TQM applications that remain conceptual or survey-based,
the proposed roadmap represents an applied digital implementation of TQM, operationalised
through an Al-driven platform and supported by officially registered software and database
artefacts.
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Operatlonal AI Enabled TQM Roadmap (BrlghtBrldge uz)

Data & Resource
Integration

What is established
« CV data (students)
« Job vacancy data (employers)
« Workshops & training content
« Survey / Excel data (HEI quality &
performance)

TQM Constructs
« Soft QM: student focus (CVs, skills);
leadership commitment (data approval);
strategic alignment (employability goals);
people involvement (staff support)
« Hard QM: information & analysis (surveys,

*  datasets); standardisation (CV & job )

Focus

« Data collection =
analysis)

« Standardisation —* Core TQM principle
(process management)

Hard QM (information &

Y
STAGE 2 — PROCESS

‘Al & Platform
'Enablement

What is developed

* Al-based CV creation and recommendation
+ Job—-candidate matching ( ranking)

+ Skill-gap analysis — learning paths

« Startup pitch analysis

* Quantitative analytics (stats, dashboards)

TQM Constructs

= Soft QM: continuous improvement
(feedback-driven refinement); student focus
(personalised recommendations); people
management (skill-gap development)

« Hard QM: pro management
(automated evaluation & ranking);
information & analysis (Al scoring, survey
data)

Focus

« Translating survey and operational data
into intelligent processes

STAGE 3— OUTPUT

Service & Decision
Outputs

What is received

« Employer-ready CVs with personalised
feedback

« Ranked job or candidate shortlists

« Targeted training recommendations

« Investor-readiness reports

« Visual dashboards for Career Centres
and employers

Non-Financial Performance (NFP)

« Service quality: accurate matching,
personalised feedback

« Communication: clear dashboards &
reports

« Complaints: reduced via transparent
processes

« Staff engagement: data-supported Career
Centre activities

« System efficiency: faster, reliable services

STAGE 4— IMPACT

Performance
& System Impacts

What is improved
« Graduate employability
« Recruitment efficiency (speed, fit,
cost)
« HEI decision-making (survey
analytics)
« University—labour market alignment

Performance Outcomes (Resulting from
TQM Implementation)

« Non-Financial Performance (NFP)
graduate employability (readiness,
placements); stakeholder satisfaction
(students & employers); institutional
reputation

« Financial Performance (FP): admissions
growth; cost efficiency (recruitment &
career services); financial sustainability
(stable revenues); reduced dropout losses

Focus
« Strategic performance & competitiveness

« Al readiness — QM to digital intelligence « Embedding Soft & Hard QM logic into Al

workflows

Focus

Outcome: « User-centred usability & service quality

« Foundation for quality-driven digital
processes

Outcome: Outcome
« Tangible, measurable value creation

Outcome:

« Operationalisation of quality mechanisms « Evidence-based continuous improvement

Figure 2. Operational Al-Enabled Total Quality Management (TQM) roadmap for the BrightBridge.uz platform,

illustrating the progression from data inputs to performance impacts.

The applied novelty of this study lies in translating TOM from a managerial philosophy into an
executable digital system, addressing a long-recognised gap in the TQM literature regarding
[1-3,25]. TQM frameworks leadership
commitment, customer focus, and process control, yet often lack guidance on how such principles

implementation mechanisms Classical emphasise
can be embedded within technology-enabled decision systems, particularly in higher education
contexts [1,2]. The BrightBridge.uz roadmap directly responds to this limitation by embedding Soft
and Hard Quality Management practices into Al-supported workflows that generate measurable
performance outcomes.

At Stage 1 (Data & Resource Integration), the roadmap operationalises Hard QM principles of
information and analysis through structured survey instruments and Excel-based quantitative
datasets, alongside process management via standardised data formats (e.g. CV templates and job
vacancy structures). Concurrently, Soft QM practices—including student focus, top management
support, strategic planning, and people management—ensure stakeholder engagement, data
legitimacy, and alignment with employability and labour-market priorities [1,3,19]. The outcome of
this stage is readiness for Al processing, forming a quality-assured digital foundation, which is
consistent with TQM’s emphasis on prevention, standardisation, and evidence-based control [1,27].

At Stage 2 (Al & Platform Enablement), TQOM principles are fully operationalised through Al
mechanisms, representing a core applied contribution. Al-based CV generation, job—candidate
matching and ranking, skill-gap analysis, startup pitch evaluation, and quantitative analytics
dashboards translate quality management logic into repeatable and scalable workflows. Here, Hard
QM practices are embedded through automated evaluation pipelines, algorithmic scoring, and
statistical analysis, while Soft QM practices —such as continuous improvement culture, student focus,
and people management—are enacted via feedback-driven algorithm refinement and personalised
recommendations [20,26,28]. This stage demonstrates how continuous improvement is executed
algorithmically, aligning with contemporary views that quality management increasingly relies on
data-driven systems rather than solely managerial supervision [3,28].

At Stage 3 (Service & Decision Outputs), the roadmap intentionally transitions from TQM
constructs to Non-Financial Performance (NFP) outcomes, ensuring conceptual clarity. Outputs such
as employer-ready CVs, ranked job shortlists, targeted training recommendations, investor-readiness
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reports, and visual dashboards reflect improvements in service quality, transparency, staff
engagement, and system efficiency. These outcomes correspond to widely accepted non-financial
performance indicators in quality and higher education research [19,21,23,24]. By positioning NFP as
a performance result—rather than a TQM construct—the roadmap adheres to established quality—
performance causal logic [20,28]. The focus on usability and service quality further ensures tangible,
measurable value creation for key stakeholders.

At Stage 4 (Performance & System Impacts), the roadmap captures strategic and financial-level
outcomes, completing the TQM-performance chain. Improvements in graduate employability,
recruitment efficiency, institutional decision-making, and university—labour market alignment reflect
strategic Non-Financial Performance, while enhanced admissions attractiveness, cost efficiency,
financial sustainability, and reduced dropout-related losses indicate Financial Performance gains.
This alignment supports prior empirical findings that non-financial performance improvements
function as a critical transmission mechanism through which TQM practices influence financial and
institutional outcomes [20,28]. Moreover, the integration of analytics strengthens evidence-based
continuous improvement, consistent with balanced performance management approaches [22].

Crucially, the applied novelty of the roadmap is reinforced by the formal registration of
BrightBridge.uz software and database components with the Ministry of Justice of the Republic of
Uzbekistan. The registered software program “Strategic Approach to Improving Higher Education and
Service Quality on the BrightBridge.uz Platform Based on the TQM Model” (Certificate No. DGU 48871)
provides a structured digital mechanism for embedding Soft and Hard QM practices into
institutional strategies [42]. The complementary registered database (Certificate No. BGU 1915)
enables longitudinal measurement, benchmarking, and analytical feedback, operationalising Hard
QM principles such as documentation, control, and performance monitoring [43]. In addition, the Al-
based employability and recruitment subsystem (Certificate No. DGU 56174) extends TQM beyond
internal quality processes to external stakeholder outcomes, reinforcing customer orientation and
human capital development through systematic, algorithm-driven evaluation [41]. Recent higher
education reforms in Uzbekistan have explicitly elevated graduate employability to a core quality
and accountability criterion. The Minister of Higher Education, Science and Innovation, Kongratbay
Avezimbetovich Sharipov, publicly stated that universities whose graduates consistently fail to
secure employment—reported in some cases as only 5-10%—may be restructured or closed,
signalling a decisive shift toward performance-based institutional oversight [44]. At the institutional
level, this policy orientation is reinforced at the Management Development Institute of Singapore in
Tashkent (MDIST), where the Rector, Dr Ilkhom Mamatkulov, has prioritised strategic planning,
stakeholder engagement, research oversight through the Scientific Council, and alignment with
international standards—core elements of Soft Quality Management that legitimise data-driven
quality systems [45]. Complementing this leadership layer, Komiljon Karimov, in his roles as former
First Deputy Minister of Higher Education, Science and Innovation and current Rector of
Westminster International University in Tashkent (WIUT), has consistently emphasised quality
assurance, international benchmarking, and employability-oriented governance through national
and international education forums [46,47]. At the operational level, academic and professional
leadership at MDIST —including Nodira Rakhimkhodjaeva (School of Banking and Finance) and Ms.
Shakhnoza Karimova (Career Centre) —supports curriculum relevance, employer engagement, and
graduate outcome monitoring, reinforcing continuous improvement loops central to effective TQM
implementation. These quality-driven efforts are further evidenced by structured employability
interventions such as the Business Communication Workshop for Intern Fair Day Preparation, which
strengthened students’” CV writing, professional communication, and job-readiness skills through
labour-market-aligned training [48]. Collectively, these policy, leadership, and operational signals
provide a strong contextual foundation for the applied novelty of this study: the Al-enabled TQM
roadmap implemented via the BrightBridge.uz platform, which operationalises employability as a
continuously monitored Non-Financial Performance outcome, enabling proactive alignment with
labour-market relevance, regulatory expectations, and long-term financial sustainability [42].
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Overall, Figure 2 represents a rare form of applied methodological innovation in TQM research,
combining theoretical rigour, empirical validation, and legally verifiable digital implementation. By
embedding Soft QM practices within Hard QM infrastructures and enabling their execution through
Al, the BrightBridge.uz platform demonstrates how Non-Financial Performance acts as a central
mediating mechanism between quality management practices and sustainable financial and
institutional performance. This integration not only supports the study’s mediation and moderation
findings [4,39,40], but also provides a replicable model for Al-enabled quality management in higher
education systems undergoing rapid expansion and reform [6-15].

5.2. Discussion of Hypothesis Testing Results

This subsection interprets the empirical findings reported in Section 4 by situating them within
established quality management and higher education literature. Particular emphasis is placed on
the mediation and moderation mechanisms, which represent the core theoretical and applied
contributions of this study.

5.2.1. Relationship between Soft and Hard Quality Management Practices

The strong and statistically significant relationship observed between Soft Quality Management
(Soft QM) and Hard Quality Management (Hard QM) provides empirical confirmation of the
foundational TQM proposition that people-centred and leadership-driven practices act as enablers of
system-based quality mechanisms [1,3,19]. The magnitude of this relationship indicates that
institutions demonstrating higher levels of leadership commitment, strategic planning, people
management, and student focus are substantially more likely to institutionalise formal processes,
information systems, and continuous improvement mechanisms.

This finding is consistent with prior studies emphasising that Soft QM practices create the
organisational climate necessary for the effective deployment of Hard QM tools [20,26,28]. In higher
education contexts, where quality improvement often depends on professional autonomy and
cultural acceptance, leadership and people-oriented practices are particularly critical for legitimising
formal quality systems [2,25]. The result reinforces the view that Soft and Hard QM are
complementary rather than competing dimensions of Total Quality Management.

5.2.2. Mediating Role of Non-Financial Performance (H1)

The mediation analysis supporting H1 demonstrates that Non-Financial Performance (NFP)
fully mediates the relationship between Soft Quality Management and Financial Performance. This
result provides strong empirical evidence that Soft QM practices do not directly translate into
financial gains; instead, their influence is realised through intermediate improvements in service
quality, staff engagement, communication effectiveness, and operational efficiency.

This finding aligns closely with quality management theory, which posits that financial
outcomes are lagging indicators of quality initiatives, while non-financial outcomes function as
leading indicators [21,22]. The result also supports empirical research indicating that customer
satisfaction, service reliability, and organisational efficiency act as key mechanisms linking quality
management to financial performance [20,28].

Importantly, the presence of indirect-only (full) mediation, as classified under Zhao et al.’s
mediation typology [40], strengthens the theoretical contribution of this study. It confirms that in
higher education systems—characterised by delayed revenue effects, regulatory constraints, and
public accountability —financial performance improvements arise primarily from accumulated non-
financial gains rather than immediate cost or revenue effects [6,7,14]. This insight contributes to the
literature by empirically validating NFP as a central transmission mechanism in the TQM-
performance relationship.

5.2.3. Mediating Role of Hard Quality Management between Soft QM and Non-Financial
Performance (H2)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1650.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 January 2026 d0i:10.20944/preprints202601.1650.v1

19 of 30

The results for H2 reveal complementary (partial) mediation, indicating that Soft Quality
Management influences Non-Financial Performance both directly and indirectly through Hard
Quality Management. This pattern suggests that behavioural and cultural quality practices improve
service outcomes in two ways: by shaping staff behaviour and engagement, and by enabling the
development of structured systems that stabilise and standardise service delivery.

This finding is theoretically consistent with prior research highlighting that Soft QM initiatives
such as leadership involvement and people management can produce immediate behavioural
improvements, while Hard QM mechanisms ensure durability and consistency of outcomes [19,26].
In higher education settings, this dual pathway is particularly salient, as service quality depends not
only on individual academic practices but also on administrative systems, programme design, and
information infrastructure [2,23,24].

By demonstrating partial mediation, the study advances existing TQM literature by showing
that system formalisation enhances—but does not replace—the direct influence of quality culture.
This reinforces the argument that sustainable service quality requires the simultaneous development
of people-oriented and system-oriented quality mechanisms [20,28].

5.2.4. Mediating Role of Hard Quality Management between Soft QM and Financial Performance
(H3)

The findings for H3 provide evidence of indirect-only (full) mediation, indicating that Soft
Quality Management affects Financial Performance exclusively through the institutionalisation of
Hard Quality Management practices. This result underscores the importance of formal quality
systems, process management, and information controls as the primary conduits through which
leadership and cultural initiatives ultimately influence financial outcomes.

This pattern is consistent with the argument that while Soft QM creates readiness for change,
financial returns materialise only once quality initiatives are embedded into stable processes and
monitoring systems [1,27]. Prior studies have similarly observed that financial performance gains are
more strongly associated with technical and system-based quality practices than with behavioural
initiatives alone [20,28].

In the higher education context, where revenue generation and cost efficiency are closely tied to
administrative effectiveness and programme delivery, the full mediation effect highlights the
necessity of translating quality values into operational infrastructures. This finding extends TQM
research by clarifying the sequential pathway through which Soft QM contributes to financial
sustainability in service-intensive, knowledge-based organisations.

5.2.5. Moderating Role of Institution Type (H4)

The moderation analysis confirms that institution type significantly conditions the relationship
between Non-Financial Performance and Hard Quality Management, providing empirical support
for H4. Specifically, the stronger NFP — HQM relationship observed in public institutions suggests
that performance improvements in these contexts are more likely to be formalised into structured
quality management systems.

This result can be explained by differences in governance, accountability, and regulatory
pressure between public and private higher education institutions [6,7,16]. Public institutions
typically operate under stricter reporting requirements, performance audits, and policy frameworks,
which encourage the institutionalisation of quality gains through formal procedures and
documentation [12,15,17]. In contrast, private institutions, while responsive to non-financial
performance improvements, may prioritise flexibility and market responsiveness over procedural
formalisation [13].

The moderating effect supports contemporary quality management theory, which emphasises
that contextual and institutional factors shape the effectiveness of quality—performance linkages
[39,40]. By empirically demonstrating this contingency, the study contributes to the limited but
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growing body of research examining how governance environments influence the outcomes of TQM
implementation in higher education.

5.2.6. Theoretical and Practical Implications of the Integrated Findings

Collectively, the mediation and moderation results provide strong theoretical support for a
sequential and context-sensitive TQM-performance model. The findings demonstrate that Soft QM
practices initiate quality improvement, Hard QM practices stabilise and institutionalise these
improvements, and Non-Financial Performance serves as the key mechanism translating quality
management into financial and strategic outcomes. The moderating role of institution type further
highlights that quality management effectiveness is not universal but context-dependent.

From a practical perspective, the results suggest that higher education leaders should prioritise
non-financial performance indicators as strategic levers, invest in formal quality systems to secure
financial sustainability, and adapt quality strategies to institutional governance structures. These
insights directly inform the applied roadmap presented in Figure 2 and reinforce the value of AI-
enabled platforms, such as BrightBridge.uz, for executing TQM principles in complex educational
environments.

6. Conclusions

This study examined the relationships between Soft Quality Management (Soft QM), Hard
Quality Management (Hard QM), Non-Financial Performance (NFP), and Financial Performance (FP)
within higher education institutions, with particular attention to mediation and moderation
mechanisms. Drawing on survey data from academic and administrative staff, the findings provide
robust empirical evidence supporting a sequential and context-dependent quality—performance
framework in higher education.

The results confirm that Soft QM practices alone do not directly generate financial outcomes;
rather, their impact is fully transmitted through improvements in Non-Financial Performance. These
findings reinforce the view that service quality, stakeholder satisfaction, staff engagement, and
operational efficiency function as critical leading indicators of financial sustainability in higher
education. Moreover, the study demonstrates that Hard QM practices partially and fully mediate key
relationships, highlighting their central role in stabilising and institutionalising quality
improvements initiated by leadership, culture, and people-oriented practices.

Importantly, the moderation analysis reveals that institutional context matters. Public and
private higher education institutions differ in how non-financial performance improvements are
embedded into formal quality management systems, underscoring the need for context-sensitive
quality strategies rather than uniform TQM prescriptions. This finding advances quality
management theory by empirically validating the contingent nature of quality—performance linkages
in higher education.

Beyond theoretical contributions, this study offers a significant applied contribution through the
development and implementation of the BrightBridge.uz platform, operationalised via an Al-enabled
TOM roadmap. The platform demonstrates how Soft and Hard QM practices can be embedded
within a digital infrastructure to generate measurable non-financial and financial outcomes, bridging
the long-standing gap between quality management theory and operational execution. By integrating
analytics, feedback loops, and decision-support mechanisms, the platform provides a scalable model
for evidence-based continuous improvement in higher education.

While the study provides strong empirical and practical insights, it is subject to limitations. The
cross-sectional design restricts causal inference over time, and future research could benefit from
longitudinal data to examine dynamic quality—performance trajectories. Additionally, extending the
model to other national contexts and incorporating student-level performance data may further
enhance generalisability.

Overall, the study contributes to the quality management and higher education literature by
theoretically clarifying mediation and moderation mechanisms, empirically validating a staged
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quality—performance model, and demonstrating an applied Al-enabled TQM implementation
suitable for contemporary higher education systems undergoing rapid expansion and reform.

7. Patents

This study resulted in the development and official registration of several intellectual property
artefacts related to the implementation of an Al-enabled Total Quality Management (TQM)
framework on the BrightBridge.uz platform. Although these registrations are not patents in the
classical engineering sense, they represent legally protected software programs and databases,
formally recognised by the Ministry of Justice of the Republic of Uzbekistan.

Specifically, the software program entitled “Strategic Approach to Improving Higher Education
and Service Quality on the BrightBridge.uz Platform Based on the Total Quality Management (TQM)
Model” was officially registered under Certificate No. DGU 48871 [42]. In addition, the associated
database “Database for Improving Education and Service Quality on the BrightBridge.uz Platform
Based on the Total Quality Management (TQM) Model” was registered under Certificate No. BGU
1915 [43].

Furthermore, the Al-based dual-sided system for analysing CVs, startup projects, and interview
preparation and providing personalised recommendations for job seekers and employers was
registered under Certificate No. DGU 56174 [41]. These registrations substantiate the applied and
implementational novelty of the research by demonstrating that the proposed Al-enabled TQM
roadmap has been transformed into legally recognised and operational digital solutions.
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AT Artificial Intelligence

BGU Database Registration Certificate issued by the Ministry of Justice of the Republic of
[Uzbekistan

cVv Curriculum Vitae

IDGU Software Registration Certificate issued by the Ministry of Justice of the Republic of
Uzbekistan

FP Financial Performance

IHEIL Higher Education Institution

1T Institution Type

MDPI Multidisciplinary Digital Publishing Institute

INFP INon-Financial Performance

PDCA Plan-Do-Check-Act

QoM Quality Management

SERVQUA [Service Quality Model

L

SOM Soft Quality Management

HOQM Hard Quality Management

TOM Total Quality Management
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Item

Process
Design
(PD)

Information
& Analysis
(1A)

Process
Mgmt — Edu
& Research
(PMER)

Continuous
Improvement

(Ch)

Administrative
Management

(ADM)

PD2

0.922

PD3

0.884

PD5

0.878

PD4

0.874

PD1

0.822

IAS

0.838

I1A4

0.795

IA3

0.711

1Al

0.698

I1A2

0.695

PMER1

0.755

PMER4

0.709

PMER3

0.673

PMER?2

0.609

Cl1

0.781

Cl2

0.766

CI3

0.743

Cl4

0.711

ADM1

0.834

ADM2

0.768

Only loadings > 0.50 are reported.

Table B2. Total Variance Explained for Financial Performance.
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Component Eigenvalue % of Variance

Cumulative %

1 2.808 56.161

56.161

Table B3. Total Variance Explained for Non-Financial Performance.

Component Eigenvalue % of Variance

Cumulative %

1 2.878 71.96

71.96

Extraction Method: Principal Component Analysis (PCA).
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Table C1. Rotated Component Matrix for Soft Quality Management.

(Varimax Rotation; loadings > 0.50)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

Indirsct affect(s) of ¥ on ¥:

Effect BootSE  EoetLLST
NFF_MEAN 3340 _0€6D L2043
Completely standardized indirect effect(s)
Effect BootSE  BootLICI
NFE_MEZN 2888 0838 1580

BootULCT
4638

of X on ¥:
BootlUICT
3842

Bootstrap estimates were saved to a file

Map of colurn names to model coefficients:
Conseqnt Entecdnt

COLL NFE_MEAN constant
coLz NFT MERN SOFT_MEA
coL FP mean constant
COLE FF_mean SOFT_MER
COLS FP mean NFP_ME2N

wwewhasuser BOOTSTRRP RESULIS FCR REGRESSICN MODEL FARRMETERS =wwewwsswessw

QUTCOME VARIRELE:

WED_MEIN

Coeff  BootMesn BootSE
constant 3.0360 2.0516 448
SOFT_MER .5518 5487 -0320

QUTCOME VARIAELE:

FD_mean

Cosff  BootMean BootSE
constant 1.7811 1.7832 3576
SOFT_MER 825 018 om0
NFE_MEZN _e052 6075 0711

BootLICT
12331
3587

BootLICI
1_0842
-.0s28

4833

BootULCT
2.5732
7162

BootULCT
2.4732
2255
7246

8k Sk b kw8 ANALYSTS NOTES ZND ERDORS e s bbb s sk s i bk o b i o

level of confidence for all confidence intervals in cutpub:

55.0000

Nunber of bootstrap samples for percentile bootstrap confidence intervals:
5000


https://doi.org/10.20944/preprints202601.1650.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 January 2026

d0i:10.20944/preprints202601.1650.v1

26 of 30
Item People Top Strategic Student Supplier
Managemen | Managemen | Planning Focus (SF) | Managemen
t (PM) t (SP) t (SM)
Commitme
nt (TMC)
PM3 0.851
PM2 0.818
PM6 0.811
PM1 0.805
PM5 0.799
PM4 0.716
PM7 0.672
TMC2 0.855
TMC1 0.848
TMC3 0.801
TMC5 0.796
TMC4 0.779
TMC6 0.753
SP4 0.772
SP3 0.769
SP5 0.756
SP2 0.743
SP6 0.71
SP1 0.687
SF2 0.836
SF4 0.797
SF1 0.665
SF3 0.643
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SM2 0.818
SM1 0.792
SM4 0.688
SM3 0.674

The rotated solution reveals a clear and theoretically consistent five-factor structure of

Soft Quality Management (table c1):

Table C2. Rotated Component Matrix for Hard Quality Management (Varimax).

Item

Process
Design
(PD)

Information
& Analysis
(1A)

Process
Mgmt — Edu
& Research
(PMER)

Continuous
Improvement

(C)

Administrative
Management

(ADM)

PD2

0.922

PD3

0.884

PD5

0.878

PD4

0.874

PD1

0.822

IAS

0.838

I1A4

0.795

IA3

0.711

1Al

0.698

1A2

0.695

PMER1

0.755

PMER4

0.709

PMER3

0.673

PMER?2

0.609

Cl1

0.781

ClI2

0.766

CI3

0.743
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Cl4 0.711
ADM1 0.834
ADM2 0.768

Only loadings > 0.50 are reported.

Appendix D

Table D1. Mediation and Moderation Logic with Model Equations.

Hypothesis Mediation / | Model Equations Plain-Language
Moderation Logic Explanation
H1: Non-financial | Soft QM — Non- | NFP = ay + a;-SQM + g, | Soft quality practice:
performance mediates | Financial (D improve non-financia
the relationship | Performance  — | FP =3 + $1*NFP + 3,:SQM + | outcomes  first; those
between  Soft QM | Financial €5 (2) improvements then drive
practices and financial | Performance Indirect = ay x B4 financial performance.
performance. (Mediation)
H2: Hard QM practices | Soft QM — Hard | HQM = y, + y1-SQM + &3 | Leadership and people
mediate the | QM - Non- | (3) oriented practices are
relationship  between | Financial NFP =68, + 6:-HQM + 6,-SQM | translated into forma
Soft QM practices and | Performance +g, (4) systems, which ther
non-financial (Mediation) Indirect =y; x 8, improve  non-financia
performance. performance.
H3: Hard QM practices | Soft QM — Hard | HQM = A, + A;-SQM + &5 | Soft quality culture
mediate the | QM — Financial | (5) strengthens forma
relationship  between | Performance FP = po + nu1-HQM + p,-SQM | systems and procedures
Soft QM practices and | (Mediation) + &g (6) which subsequently
financial performance. Indirect =2A; x py generate financia
benefits.
H4: Institution type | Institution Type | HQM =0, + 0,-NFP + 0,:IT + | The strength of the
significantly moderates | moderates Non- | 63-(NFP x IT) + ¢, (7) relationship betweer
the relationship | Financial non-financial

between non-financial
performance and Hard
QM practices

Performance -
Hard QM

performance and harc
quality practices differs
between public  anc
private universities.

Notes: SQM = Soft Quality Management; HQM = Hard Quality Management; NFP = Non-
Financial Performance; FP = Financial Performance; IT = Institution Type (0 = public, 1 =
private); € = error term. Mediation is confirmed when the indirect effect is statistically
significant based on bootstrap confidence intervals.
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