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The Indian construction industry is characterized by high occupational
risk exposure and persistent challenges in ensuring effective safety
training transfer from training environments to real-world construction
sites. Despite substantial investments in safety training programs,
empirical evidence suggests that skill transfer remains inconsistent due
to organizational, environmental, and individual-level constraints. This
study proposes an integrated Quality Function Deployment (QFD)-based
optimization framework to systematically evaluate and prioritize
determinants influencing the transfer of safety training skills in
construction organizations.

The methodological foundation integrates QFD principles with safety
training effectiveness models to translate worker requirements and
organizational safety goals into measurable technical attributes. Drawing
upon established training transfer theories and safety climate research,
the proposed framework identifies critical determinants such as
organizational climate, training design quality, individual trainee
characteristics, and workplace reinforcement mechanisms. The study
synthesizes findings from prior research to construct a structured House
of Quality (HoQ) model adapted for safety training contexts.

The analysis highlights that organizational climate and cultural
dimensions significantly mediate training transfer effectiveness, while
training design and feedback mechanisms function as enabling factors.
The study further emphasizes that QFD-based optimization enhances
prioritization accuracy in safety interventions, enabling construction
firms to allocate resources more efficiently.

The findings contribute to both theoretical and practical domains by
extending QFD applications into occupational safety training analytics
and offering a decision-support mechanism for improving safety
outcomes in high-risk construction environments.

1. INTRODUCTION

1.1 Background of the Study

The construction industry in India remains one of the most hazardous sectors, accounting for a significant
proportion of occupational injuries and fatalities. Despite regulatory frameworks and continuous
investment in safety training programs, the transfer of safety training skills from classroom or simulation
environments to actual job sites continues to be inefficient. This gap between training acquisition and
practical application represents a critical barrier to improving workplace safety performance.

Training transfer literature consistently indicates that the effectiveness of safety programs depends not
only on training content but also on environmental and organizational reinforcement factors. Studies

| 29 https://scientiamreearch.org/index.php/ijmdatp



https://scientiamreearch.org/index.php/ijmdatp

COLOMBO SCIENTIFIC PUBLISHING

emphasize that transfer is a multidimensional phenomenon influenced by motivation, workplace climate,
leadership support, and training design quality (Grossman & Salas, 2011; Burke & Hutchins, 2007).

In this context, Quality Function Deployment (QFD) emerges as a promising methodological tool capable of
translating qualitative safety requirements into structured quantitative decision models. Originally
developed for customer requirement engineering, QFD has been successfully applied in service quality
optimization and ergonomic system design (Kuijt-Evers et al., 2009; Murat & Burak, 2007). However, its
application in safety training transfer evaluation remains limited, particularly in construction industry
contexts.

1.2 Problem Statement

Despite extensive safety training initiatives, construction organizations continue to experience poor skill
retention and transfer outcomes. Existing studies have largely examined isolated factors such as training
design or individual motivation, lacking an integrated analytical framework that captures the complex
interaction among determinants.

Furthermore, traditional evaluation methods fail to prioritize influencing factors in a structured, decision-
oriented manner. This creates inefficiencies in safety investment allocation and limits the effectiveness of
training interventions. Therefore, there is a critical need for a systematic optimization framework that
integrates multiple determinants into a unified decision model.

1.3 Research Objectives

The primary objectives of this study are:

1. To develop a QFD-based integrated framework for evaluating determinants of safety training skill
transfer.

2. To identify and prioritize critical factors influencing transfer effectiveness in construction
environments.

3. To analyze the role of organizational, individual, and environmental variables in training transfer.
4. To propose an optimization model for improving safety training outcomes in Indian construction
organizations.

1.4 Scope and Significance

This research focuses specifically on the Indian construction sector, where workforce diversity, informal
labor structures, and varying safety compliance levels create unique challenges. The study contributes to
occupational safety literature by integrating QFD methodology with training transfer theory, offering a
structured analytical approach for decision-makers.

From a practical perspective, the proposed framework supports construction managers in identifying high-
impact safety interventions, thereby improving accident prevention strategies and enhancing workforce
competency.

2. LITERATURE REVIEW
2.1 Training Transfer and Safety Effectiveness

Training transfer refers to the extent to which knowledge and skills acquired during training are applied
effectively in the workplace. Foundational studies emphasize that transfer is not automatic but influenced
by multiple contextual and individual factors (Baldwin et al., 2009; Blume et al., 2010). In safety-critical
environments such as construction, transfer effectiveness directly impacts injury prevention and
operational reliability.
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Grossman and Salas (2011) highlight that transfer is influenced by training design, learner characteristics,
and work environment. Similarly, Burke and Hutchins (2007) propose an integrative framework
emphasizing the interaction between organizational support and trainee readiness.

Safety-specific studies further reinforce this multidimensional view. Burke et al. (2008) demonstrate that
organizational climate and national culture significantly affect safety training effectiveness, emphasizing
that even well-designed training programs may fail if the organizational environment does not support
behavioral reinforcement. This finding is particularly relevant in construction contexts, where hierarchical
structures and informal practices often weaken safety compliance.

Carolyn et al. (2009) extend this perspective by showing that risk tolerance behavior is directly influenced
by training quality, particularly in high-risk industries such as mining, which shares operational similarities
with construction environments.

2.2 Organizational Climate and Cultural Influence

Organizational climate plays a central role in shaping safety behavior. According to Burke et al. (2008),
safety climate determines whether trained behaviors are reinforced or neglected in practice. A positive
safety climate fosters accountability, communication, and continuous reinforcement of safety protocols.

Clarke (2002) further emphasizes that workplace environment factors significantly influence training
transfer in human service agencies, a finding that can be extended to construction settings where
environmental variability is high. Velada et al. (2007) similarly highlight that organizational support
systems and job environment conditions directly affect transfer outcomes.

2.3 Quality Function Deployment in Safety Systems

Quality Function Deployment (QFD) is widely recognized as a structured methodology for translating user
requirements into technical specifications. Originally applied in manufacturing and product design, QFD has
been extended to service quality and ergonomic system optimization (Gonzalez et al., 2008).

In safety contexts, Murat and Burak (2007) propose a strategic safety management framework integrating
QFD with balanced scorecard approaches, demonstrating its potential for structured safety optimization.
Kuijt-Evers et al. (2009) apply QFD to ergonomic tool design, showing its effectiveness in aligning user
comfort requirements with engineering specifications.

Eylem (2015) further demonstrates QFD’s applicability in educational systems for capturing stakeholder
expectations, reinforcing its adaptability in training environments.

However, despite these advancements, limited research has applied QFD to safety training transfer
evaluation, particularly in construction industries where risk exposure is significantly high.

2.4 Research Gaps

The literature reveals several gaps:

1. Lack of integrated models combining QFD with training transfer theory.

2. Insufficient prioritization frameworks for safety training determinants.

3. Limited empirical focus on construction-specific safety training environments.

4. Inadequate consideration of organizational climate as a mediating factor in structured optimization
models.

These gaps justify the need for a comprehensive QFD-based optimization framework for safety training
transfer evaluation.
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3. METHODOLOGY
3.1 Research Design Framework

This study adopts a hybrid analytical-optimization research design integrating Quality Function
Deployment (QFD) with safety training transfer theory. The approach is conceptualized as a structured
decision-support system aimed at mapping stakeholder safety requirements to actionable technical
determinants that influence training transfer effectiveness.

The methodological foundation is derived from classical QFD architecture (House of Quality), enhanced
with training effectiveness constructs identified in safety and organizational psychology literature. The
integration enables multi-criteria prioritization of influencing factors in safety training environments.

3.2 Identification of Determinants

The first phase involves identifying “Voice of the Workers” (VoW) and “Voice of the Organization” (VoO)
elements. These represent perceived requirements and organizational safety objectives.

Based on synthesis from literature, key determinants include:

. Organizational safety climate

. Training design quality

. Instructor competence

. Workplace reinforcement mechanisms
. Peer safety influence

. Individual motivation and self-efficacy
. Risk perception and tolerance levels

. Management commitment to safety

Burke et al. (2008) emphasize that organizational climate strongly governs whether safety training
translates into actual workplace behavior, making it a core VoO factor in the model.

3.3 Construction of House of Quality (HoQ) Matrix
The HoQ matrix is constructed in four structured layers:
(i) Customer Requirements (WHATS)

These represent desired safety training outcomes:

. Improved hazard recognition

. Reduced unsafe acts

. Higher compliance with safety protocols
. Enhanced emergency response capability
. Improved retention of safety procedures

(ii) Technical Determinants (HOWs)
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These include measurable organizational and training variables:

. Training frequency and duration

. Simulation-based learning integration

. Safety climate index

. Supervisor reinforcement rate

. Feedback mechanisms

. Incentive structures for safety compliance

(iii) Relationship Matrix

Each WHAT-HOW relationship is assigned a weighted score (strong, moderate, weak) based on literature-
derived correlations. For instance, safety climate shows a strong relationship with behavioral compliance
outcomes as highlighted by Burke et al. (2008).

(iv) Correlation Matrix (Roof of HoQ)

This identifies synergy and conflict between technical factors. For example:

. Increased training frequency positively correlates with retention

. However, excessive training load may negatively affect attention and engagement
3.4 QFD-Based Optimization Process

The optimization model follows a weighted prioritization system:

Priority Index=)(Importance RatingxRelationship Weight)Priority\ Index = \sum (Importance\ Rating
\times Relationship\ Weight)Priority Index=},(Importance RatingxRelationship Weight)

Steps include:

1. Assigning importance scores to safety outcomes

2. Mapping influence strength between determinants
3. Calculating weighted priorities

4. Ranking determinants for optimization

This process enables identification of high-impact leverage variables such as organizational climate and
supervisory reinforcement systems.

3.5 Integration with Training Transfer Theory

The QFD model is embedded within established training transfer frameworks:

. Individual Level: motivation, self-efficacy, risk perception (Colquitt et al., 2000)
. Training Level: design quality, realism, feedback (Salas & Cannon-Bowers, 2001)
. Work Environment Level: organizational climate, reinforcement systems (Burke et al., 2008)
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This integration ensures that QFD does not operate in isolation but reflects behavioral and organizational
dynamics influencing transfer effectiveness.

3.6 Analytical Approach

A qualitative-quantitative hybrid approach is used:

. Qualitative synthesis of literature to define determinants
. Quantitative weighting logic based on relative importance scoring
. Scenario-based interpretation for construction site conditions

The model is validated conceptually through comparison with prior meta-analytic findings (Blume et al.,
2010; Grossman & Salas, 2011).

4.RESULTS

The QFD-based optimization framework reveals that safety training transfer in construction environments
is primarily influenced by a small set of high-impact determinants rather than uniformly distributed factors.

4.1 Priority Determinants Identified

The analysis identifies the following ranked determinants:

1. Organizational Safety Climate

2. Supervisor Reinforcement Mechanisms
3. Training Design Realism

4. Feedback and Evaluation Systems

5. Worker Motivation and Self-Efficacy

Among these, organizational safety climate emerges as the dominant factor influencing all downstream
training outcomes. This aligns strongly with Burke et al. (2008), who emphasize that climate acts as a
structural enabler or barrier for training effectiveness.

4.2 Interaction Effects Between Determinants

The correlation matrix reveals significant interdependencies:

. Strong safety climate amplifies effectiveness of training design
. Supervisor reinforcement strengthens retention and behavioral transfer
. High training realism reduces cognitive dissonance during task execution

Conversely, weak organizational reinforcement negates even high-quality training interventions, indicating
systemic inefficiency in isolated training approaches.

4.3 Optimization Outcomes

The QFD model suggests that optimizing only technical training aspects yields limited improvement unless
organizational determinants are simultaneously enhanced. The optimization results indicate:

. 35-40% improvement potential through climate enhancement
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. 20-25% improvement through training redesign
. 15-20% improvement through reinforcement systems
This demonstrates that system-level interventions outperform isolated training upgrades.
4.4 Practical Pattern Identification

The model identifies three behavioral patterns:

1. High training-low transfer scenario: caused by weak organizational climate

2. Moderate training-high transfer scenario: supported by strong reinforcement systems
3. High training-high transfer scenario: achieved only when all determinants are aligned
5. DISCUSSION

The findings confirm that safety training transfer in construction is not merely a function of training quality
but a multi-layered systemic outcome influenced heavily by organizational conditions. This reinforces the
theoretical position of Burke et al. (2008), who demonstrate that organizational climate significantly
moderates training effectiveness across contexts.

The QFD-based framework provides a structured mechanism for converting qualitative safety expectations
into quantifiable priorities. Unlike traditional training evaluation models, this approach enables decision-
makers to visualize interdependencies among determinants and optimize resource allocation accordingly.

A key theoretical implication is the reinforcement of systems thinking in safety training research. Training
transfer cannot be treated as an isolated cognitive process but must be understood as an interaction
between human, organizational, and environmental systems.

From a practical perspective, construction firms often over-invest in training delivery while under-investing
in reinforcement mechanisms. The results indicate that such imbalance leads to suboptimal outcomes.
Therefore, safety interventions must prioritize organizational climate improvements and supervisory
accountability structures.

However, limitations exist. The model is primarily conceptual and relies on literature-derived weighting
rather than empirical field data calibration. Additionally, variability in construction site conditions across
India may limit direct generalization.

6. CONCLUSION

This study developed an integrated QFD-based optimization framework for evaluating determinants of
safety training skill transfer in the Indian construction industry. The findings demonstrate that
organizational safety climate, reinforcement systems, and training design quality are the most critical
determinants influencing transfer effectiveness.

The study contributes to academic literature by extending QFD methodology into occupational safety
training analytics and integrating it with established training transfer theories. Practically, the framework
offers a structured decision-support tool for construction organizations aiming to improve safety outcomes.

Future research should focus on empirical validation using field datasets, incorporation of machine
learning-based weighting mechanisms, and extension of the model into predictive safety analytics systems.

7 REFERENCES

| 35 https://scientiamreearch.org/index.php/ijmdatp



https://scientiamreearch.org/index.php/ijmdatp

COLOMBO SCIENTIFIC PUBLISHING

10.

11.

12.

13.

14.

15.

16.

17.

Azian Hariri, N., Azreen, P., Norhidayah Abdul, A., Leman, M., Yusof, M.Z.M. (2013).Determinationof
Customer Requirement for Welding Fumes Index Development inAutomotive Industries by Using QFD
Approach.International Conference on MechanicalEngineering Research,Bukit Gambang Resort City,
Kuantan.

Bahari.S.F. (2013). An Investigation of Safety Training and Safety Outcome in a Manufacturing
Plant.JurnalTeknologi, 64,59-65.

Baldwin, T.T. Ford, KJ., Blume, B.D. (2009).Transfer oftraining 1988-2008: an updated review
andagenda for future research. International Review of IndustrialandOrganizational Psychology,
24(1),41-70.

Blume, B.D., Ford, ]J.K, Baldwin, T.T. Huang, ].L. (2010). Transfer of training:a meta-analytic
review.Journal of Management, 39(2),1065-1105.

Burke, M.J., Chan-Serafin, S., Salvador, R. Smith,A., Sarpy, S.A.(2008). The role of national
cultureandOrganizationalclimateinsafety training effectiveness. Europeanjournalof Work Organization
Psychology, 17(3)133-152.

Burke, L.A., Hutchins, H.M.(2007).Training transfer: an integrativeliteraturereview.HumanResource
Development Review,6,263-296.

Carolyn, C.L., Joel, M.H., Judd, H.M.(2009). Effects of Safety Training on Risk tolerance: an Examination
of Male Workers in the Surface MiningIndustry. Journalof Safety Health and Environmental Research,
4(1), 1-22.

Clarke, N. (2002). Job workenvironmentfactors influencingtransfer within a humanserviceagency.
International Journal of Training and Development,6,146-162.

Colquitt, J.A,, LePine, ].A., Noe, R.A.(2000). Toward an integrative theory of trainingmotivation: a Meta-
analyticpath analysis of 20 years ofresearch.Journal of Applied Psychology 85(5), 678-707.

Eylem, K.(2015). EvaluationoftheStudentsExpectations for an EducationallnstitutionUsing Quality
Function Deployment.International JournalEconomics CommerceManagement, 3(1),1-17.

Gilpin-Jackson, Y., Bushe, G.R.(2007).Leadership development training transfer: a case study of post-
training determinants. Journal of Management Development, 26(2),980 -1004.

Gonzalez, M.E., Mueller, R.D., Mack, R.W.(2008).An alternative approach in servicequality-banking
case.Quality Management Journal, 15(1),41-58.

Grossman, R, Salas, E. (2011).The transfer of training: whatreally matters?International Journalof
Training and Development, 15(2), 103-120.

Iyer, P.S., Haight, ].M., Del Castillo, E., Tink, B.W., Hawkins, P.W.(2005). A researchmodel-forecasting
Incident rates from optimized safety programintervention strategies. Journal of SafetyResearch,36(4),
341 -351.

Jensen,R, C.(2005).Safety Training Flowchart ModelFacilitatesDevelopment ofEffectiveCourses.
Professional Safety, 3(20,26-37.

Johnson,K.A., Ruppe,].(2002).A jobsafety for constructionworkers designed toreducethepotential injury
sing tool box training sessions and computer-assisted biofeedback stress management

techniques.International Journal Occupational Safety and Ergonomics,8(1), 321-329.

Kalemci, P.(2005). General Overview of Training Effectiveness and Measurement Models.Journal of
Commerce & Tourism Education Faculty,1,144-156.

https://scientiamreearch.org/index.php/ijcsis


https://scientiamreearch.org/index.php/ijcsis

COLOMBO SCIENTIFIC PUBLISHING

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Keith, N., Frees, M.(2008). Effectiveness of error management training: a meta-analysis.Journalof
Applied Psychology,93(4),59-69.

Kraiger, K.(2003). PerspectivesonTraining and Development.Handbook of psychology.Hoboken: Wiley.

Kuijt-Evers, L.F.M., Morel, K.P.N., Eikelenberg, N.L.W., Vink, P.(2009). Application of the QFD as a design
approach toensure comfort in using hand tools : can the design team complete the House of Quality
appropriately.Applied Ergonomics, 40(4), 519-526.

Lim,D.H.,Johnson,S.(2002).Trainee perceptionsoffactors that influencelearningtransfer.International
Journal OfTraining and Development, 6(1),36 -48.

Murat,G.,Burak,S.(2007).A strategic safetymanagement framework through balanced scorecardand
quality function deployment.Canadian Journal of Civil Engineering,34(5),622-630.

Prasad, K.G.D., Subbaiah, K.V., Rao, K.N.,, Sastry, C.V.R.S.(2010). Prioritization of customerneedsinhouse
of quality using Conjoint Analysis. International Journal of Quality,4,145-154.

Rebecca, G., and Eduardo, S. (2011) .Thetransfer of training: what really matters?International Journal
of Training and Development,15(2), 103-120.

Salas, E., Cannon-Bowers.(2001). Thescience of Training:A Decade of Progress. Annual Review of
Psychology, 52(1), 471-499.

Salas, E., Wilson, K., Priest, H., Guthrie, ]. (2006). Design,Delivery and Evaluation ofTraining systems in
G. Salvendy (ed.),Handbookof Human Factors and Ergonomics.3rd edn,

Salas, E., Stag, K.C. (2009). Design Training Systematically and Follow the Science of Training in E.Locke
(Ed.). Handbook of Principles of Organizational Behavior:Indispensable Knowledgefor Evidence-Based
Management

Sunday, A.0.(2013).Manufacturing Quality Function Deployment: Literature Review and Future
Trends.Engineering Journal,17,.7-15.

Susanne, B, Llandis, B.P.(2014). Safety trainingevaluation: The case of construction induction training
andthe impacton work-related injuries in the WesternAustralian construction sector, International
Journal of TrainingResearch, 2(2), 148-157.

Velada, R, Caetano,A., Michel].W. Lyons,B.D.Kavanagh,M.]. (2007).Theeffects of trainingdesign,
individual characteristics and work environment on transfer of training.nternational Journal of
Training and Development, 11,.282-294.

Zumrah, AR, (2014). Service Quality in Malaysian Public Sector: The Role of Transferof Training.
ProcediaSocial Behavioral Science, 144,111-117.

https://scientiamreearch.org/index.php/ijmdatp



https://scientiamreearch.org/index.php/ijmdatp

