i
JONKOPING UNIVERSITY
School of Engineering

Integrating Human,
Technological, and

Organizational Factors into
PFMEA

Integrating Human, Technological, and
Organizational Factors into assembly PFMEA within
automotive industry context

PAPER WITHIN: Industrial Engineering and Management — Sustainable Supply Chain Management
AUTHOR: Alise Vikele & Mengru Wang
JONKOPING May, 2026



Acknowledgements

We would like to express our gratitude to everyone supporting our thesis work. We are thankful
to Denis Coelho, our supervisor, for guidance and commitment to our work. We are also
grateful to the Case Company for being supportive of our work and giving us the opportunity
to conduct interviews and collect data. Additionally, we want to thank our supervisor at the
Case Company for allocating times to frequent meetings and continuous support.

C% /f(e/y/‘a Wd/(f/

Alise Vikele Mengru Wang

This thesis was conducted at the School of Engineering, Jonkoping University, within the subject area
of Industrial Organization and Management. It forms part of the three-year Bachelor of Science in
Engineering programme in Industrial Engineering and Management: Sustainable Supply Chain
Management. The authors assume full responsibility for all opinions, conclusions, and findings
presented in this work.

Examiner: Marco Ferreira Rodrigues Nogueira Santos
Supervisor: Denis Coelho

Scope: 15 credits (first cycle)

Jonkoping University
Gjuterigatan 5

Box 1026

551 11 Jonkoping
Sweden

Phone +46 36 - 10 10 00

ii



Abstract

Background and purpose

Process Failure Mode and Effects Analysis (PFMEA) is an important risk-assessment tool in
the automotive industry, however, several shortcomings limit its ability to accurately and
proactively predict failure causes in complex production environments such as assembly, where
human work activity is central. Traditional PFMEA tends to focus on technical or procedural
deviations often overlooking sociotechnical interactions among human, technological, and
organizational factors that shape process outcomes. As a result, PFMEA documentation
struggles to reflect the actual failure causes observed in daily operations. This degree project
investigates the gap between potential failure causes documented in PFMEA and the actual
causes identified during assembly operations. The purpose is to conceptually extend PFMEA
by integrating human, technological, and organizational factors to support comprehensive
failure cause identification of complex work activity.

Methodology

This study adopts a qualitative single-case research design focusing on the assembly operations
of a top-tier supplier within the automotive industry. Empirical findings are derived from
semi-structured interviews with practitioners and analysis of company documentation,
including PFMEA records and 8D reports. The results show that PFMEA’s difficulty in
reflecting actual failure causes stems from several interconnected issues: subjective and
inconsistent risk evaluations, outdated and reactive documentation practices, fragmented
information flows. Findings also illustrated the limitations of traditional PFMEA representing
human, technological, and organizational factors, both individually and in terms of their
interactions. Many sociotechnical contributors, such as signal visibility issues, tool
communication instability, layout-driven constraints, and unclear instructions, were found to
be absent from PFMEA despite their clear influence on failure development.

Contributions

Drawing on sociotechnical systems theory and the Human—Technology—Organization (HTO)
perspective, this degree project proposes a conceptual HTO-PFMEA framework that structures
failure-cause identification across human, technological, and organizational dimensions. This
framework enhances PFMEA’s analytical depth and supports more comprehensive
identification of potential failure causes. The study contributes to academic discussions on
sociotechnical risk assessment and to practical efforts to integrate systems thinking into risk
identification and quality management in automotive assembly.

Keywords: Failure Mode and Effects Analysis (FMEA), FMEA application in automotive
industry, Process Failure Mode and Effects analysis (PFMEA), PFMEA shortcomings in
automotive industry, Sociotechnical Systems Theory (STS), Human Technology Organization
Concept (HTO)
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1 Introduction

This chapter introduces the research subject of this degree project in a structured way, starting
with the description of the subject background, which is then followed by the problem
description. After that, the purpose and research questions are presented. Lastly, the scope and
delimitations of this degree project are presented, and the outline of the thesis is explained.

1.1 Background

Failure Mode and Effects Analysis (FMEA) is a well-established risk assessment tool widely
used in engineering and manufacturing to identify potential failures and implement preventive
measures during product and process development and after the production launch (Bergman
et al., 2022). Within the global automotive industry, FMEA is a core risk assessment tool
applied to identify potential risks early and ensure compliance with quality requirements (AIAG
& VDA, 2019).

Process Failure Mode and Effects Analysis (PFMEA) is a specific variant of FMEA that focuses
on identifying and mitigating potential process failures before the start of production that may
occur (Bergman et al., 2022). Production processes may still introduce additional failure risks
after the production launch due to process variations, equipment conditions, operational
procedures, or human interactions. However, existing research indicates that traditional
PFMEA approaches may struggle to fully represent the complexity of real production systems,
where failures often result from the interaction of multiple technical and organizational factors
rather than from a single isolated cause.

To better analyse these complex interactions, the Human—Technology—Organization (HTO)
concept provides a comprehensive perspective for understanding the complex human work
activity in automotive industry production context (Berglund et al., 2020). The HTO approach,
which originates from sociotechnical systems theory (STS), emphasizes that system
performance is shaped by the dynamic interaction between human capabilities, technological
infrastructure, and organizational structures. Rather than treating human actions as isolated
causes of failure, the HTO concept considers how system design, operational conditions, and
organizational context influence both human performance and overall process reliability
(Berglund et al., 2020). Applying an HTO perspective to PFMEA may therefore provide deeper
insights into how production risks develop and how these risks are assessed during risk analysis
activities.

1.2 Problem description

Although numerous studies have proposed methodological improvements to traditional
PFMEA, most existing research has focused primarily on improving risk prioritization
techniques, such as mathematical models, multi-criteria decision-making approaches, or
modified RPN calculations. Comparatively limited attention has been given to how human,
technological, and organizational factors interact to influence the accuracy of PFMEA risk
assessments in real manufacturing environments.



In current industrial practice, PFMEA assessments may still rely on simplified assumptions
about failure causes, particularly when failures are attributed as “human error” without
considering the broader systems view. Consequently, there remains a lack of empirical research
examining how HTO factors address discrepancies between PFMEA predicted failure causes
and observed failure causes. Investigating this gap may contribute to improving PFMEA as a
predictive and preventive quality management tool by integrating a more comprehensive HTO-
based understanding of manufacturing risks.

1.3 Purpose and research questions

The purpose of this thesis is to investigate the sociotechnical gap between the observed failure
causes and potential failure causes in traditional Process Failure Mode and Effects Analysis
(PFMEA) within the automotive industry context. By identifying sociotechnical factors that are
currently overlooked in PFMEA, the study aims to conceptually extend the traditional PFMEA

into a Human-Technology-Organization (HTO) concept, HTO-PFMEA to support a more

comprehensive identification of process failure causes within the context of automotive
industry.

RQ1: Why do PFMEA potential failure cause predictions fail to reflect the actual failure causes
observed during assembly processes?

RQ2: What human, technological, and organizational failure causes influencing assembly
processes are not currently captured in PFMEA assessments?

RQ3: How can the Human-Technology-Organization (HTO) concept be integrated into
PFMEA to support a more comprehensive identification and prediction of potential failure
causes?

1.4 Scope and delimitations

This degree project is delimited to the context of assembly processes at a top-tier automotive
industry supplier that applies Process Failure Mode and Effects Analysis (PFMEA). The
research aims to explore shortcomings related to PFMEA method that may occur across
automotive industry production environments, especially where human work activity is
involved, while also acknowledging that the empirical data is gathered from a single
organizational context.

The scope of the study is limited to Process Failure Mode and Effects Analysis (PFMEA). Other
forms of FMEA, including Design FMEA (DFMEA), Supplemental FMEA (SFMEA), or other
methodological variations, are not examined in this research. Although these approaches share
conceptual foundations with PFMEA, they involve distinct analytical considerations that fall
outside the scope of the present study.

The research focuses on the identification and classification of failure causes using a Human—
Technology—Organization (HTO) perspective. The study does not attempt to modify the



mathematical components of traditional FMEA, such as the Risk Priority Number (RPN), nor
does it develop alternative quantitative models for risk prioritization.

The theoretical scope of the research is limited to sociotechnical systems theory and the
Human—Technology—Organization (HTO) concept as analytical perspectives for examining
PFMEA limitations. The study does not aim to provide a comprehensive comparison of all
existing FMEA improvement methodologies, such as fuzzy logic approaches, multi-criteria
decision-making models, or artificial intelligence-based risk assessment techniques.

Finally, the study focuses on one top-tier automotive supplier and its engine assembly
operations. This scope was deliberately defined to enable an in-depth, context-specific
investigation of PFMEA practices within a real manufacturing environment and to explore the
human, technological, and organizational factors that influence their effectiveness. While the
findings are grounded in a single organizational context and should therefore be interpreted
with caution in other industrial settings, the study aims to provide analytical and conceptual
insights through the proposed HTO-PFMEA framework rather than statistical generalization
across organizations.

1.5 Outline of the thesis

This chapter describes the outline of this degree project which guides the reader, see Table 1.1.
Overall, this thesis consists of 7 main chapters, each with multiple subsections.

Table 1.1. Thesis outline.
Chapters Description

Introduction Establishes background, problem statement and introduces the purpose together
with three research questions. Additionally, defines scope

Theoretical background Reviews existing literature relevant to PFMEA and automotive industry context.
Introduces sociotechnical systems theory (STS) and Human-Technology-
Organization (HTO)

Methodology Describes the research method of a single case study and data collection methods:

semi-structured interviews and analysis of PFMEA and 8D report documentation.
This chapter also explains the data analysis process, including thematic coding.

Empirical findings Presents the results of qualitative coding of semi-structured interviews and
documentation analysis.

Analysis Interprets and compares findings to theoretical background to answer three research
questions.

Discussion Discusses the implications of the results and methodology.

Concluding remarks Summarizes the main conclusions and answers to research questions. Additionally,

proposes recommendations for future research.




1.6 Use of Artificial Intelligence

This chapter describes the use of the different Al tools and their uses as illustrated in Table 1.2.
Copilot was used to improve structure of some chapters.

Table 1.2 Use of Al tools in the thesis.

Al Tool Purpose Extent

Copilot Improve structure Theoretical background

Grammarly | Used to check grammar, spelling, and improve Used throughout the thesis for
linguistic clarity and readability. language proofreading and minor

grammatical corrections.

QuillBot Used to paraphrase selected sentences and improve Used occasionally to refine wording
academic tone and sentence structure. and enhance academic writing style.

ChatGPT Used to help identify potentially relevant literature, Used occasionally during the

generate keywords for database searches, and broaden
the understanding of the research topic.

literature review and writing
process.




2 Theoretical background

This chapter presents the theoretical background relevant to the study and establishes the
conceptual foundation for the subsequent analysis. The chapter begins with an overview of
FMEA and PFMEA applications within the automotive industry, followed by a review of
identified shortcomings in traditional PFMEA practices. Furthermore, the chapter introduces
the Human—Technology—Organization (HTO) concept and sociotechnical systems perspective,
which are used as analytical lenses for understanding the relationship between predicted and
actual failure causes in complex assembly environments. Finally, the chapter connects the
reviewed literature to the research questions and identifies the theoretical gap addressed by this
study.

2.1 Application of FMEA within Automotive Industry

Failure Mode and Effects Analysis (FMEA) is considered a useful tool which systematically
reviews the functions and failures of products and processes in engineering and manufacturing.
Furthermore, Process Failure Mode and Effects Analysis (PFMEA) is one of the commonly
used FMEA variations which is used to identify process improvements before and after the start
of production (Bergman et al., 2022).

Within the global automotive industry, FMEA is a core risk assessment tool applied in the
Advanced Product Quality Planning applied (APQP) framework. This framework ensures that
the product meets quality requirements (AIAG & VDA, 2019). In 1996 the International
Automotive Task Force (IATF) was created by gathering automotive industry representatives
globally, and in 1999, together with ISO/TC 176 representatives, created the standard ISO/TS
16949 which was based on ISO 9000 series and other regional automotive industry standards.
This was later replaced by IATF 16949 in 2016, defining new requirements for quality
management systems composed of tasks, assignments, routines and resources (Bergman et al.,
2022).

AIAG contributed to the development of TATF 16949 and later developed guides for
implementing methods considered mandatory under IATF 16949:2016 standard, including the
AIAG & VDA handbook published in 2019 (4I4G | Automotive Quality Management
Standard, n.d.). The AIAG & VDA (2019) handbook provides a structured methodology for
the different FMEA variants, including Design Failure Mode and Effects Analysis (DFMEA),
Process Failure Mode and Effects Analysis (PFMEA) and Supplemental Failure Mode and
Effects Analysis (SFMEA). This handbook supports automotive organizations in identifying
potential risks early in the product and process development stages and ensuring compliance
with strict quality requirements.

DFMEA, PFMEA and SFMEA support automotive industry organizations in identifying
potential risks early in the product and process development stages to ensure compliance with
strict customer quality requirements in automotive industry standards (4/4G Manual and



Guidelines | Industry Standards and Best Practices for Compliance, n.d.). Within automotive
industry PFMEA is commonly used for production processes (Plinta & Gren, 2022).

2.2 PFMEA Shortcomings within Automotive Industry

This section emphasizes studies on PFMEA shortcomings within automotive industry. PFMEA
is a variant of an FMEA, therefore, FMEA shortcomings described in the following chapters
also relate to PFMEA.

2.2.1 General FMEA shortcomings across Industries

Although FMEA is considered a crucial risk assessment method within the global automotive
industry, research shows that it has multiple shortcomings. Spreafico et al. (2017) examined
hundreds of patents and scientific papers to create an overview of evolution of FMEA and
identify areas for improvement within different industries. The paper suggests that even though
FMEA as a method is more than 70 years old, it still has shortcomings. Studied papers showed
that there have been different efforts for improving the method, however, usually these
improvements fail to capture the whole picture where one solution such as software
implementation might not be the core solution to these shortcomings (Spreafico et al., 2017).

Another research paper conducting a literature review of 75 FMEA risk evaluation approaches
papers across different industries, identified that despite its widespread application, limitations
exist in traditional FMEA methodologies when applied in complex industrial environments (Liu
et al., 2013). Automotive industry could be considered as one of the complex industrial
environments, where although FMEA is considered crucial, it can be difficult to implement it
efficiently in a way that FMEA reflects the reality, which is a problem observed in many
examples. Furthermore, in automotive industry FMEA and its variations is task intensive
(Bergman et al., 2022).

To illustrate the importance of FMEA research and thus evolution in automotive industry
compared to other industries is illustrated by Zuniawan (2020) who studied 50 scientific
journals, concluded that FMEA research is the most popular among automotive and
manufacturing industries. Additionally, transformation of FMEA could be seen through the
growth of FMEA software market trend, where it was analysed that by 2024 78% of leading
automotive industry manufacturers globally used FMEA software. Drivers for this are the
increasing complexity of industrial system where strict safety and quality standards create a
need for more proactive risk assessment (FMEA Software Market Size, Growth | Report [2035],
n.d.).

In terms of FMEA applicability Spreafico et al. (2017) showed that the most relevant FMEA
problems in research in general is subjectivity related to user expertise, followed by “time
consuming” and “methods integration” shortcomings. The paper also shows that industry
related research is more concerned with applicability problems of FMEA. As another study
identifies relating to task intensity, the increase of data investigations of solutions that would



handle this FMEA data would be an opportunity for future work, possibly in combination with
Al (Liu et al., 2013).

The same study also concludes that after applicability the second biggest challenge is the
detailed identification and classification of the failure effects and causes, makes it difficult to
model cause-and-effects chains (Spreafico et al., 2017). Subjective risk evaluation is another
key FMEA shortcoming often due to vague ranking guidelines and criteria in combination with
individual judgement of users, resulting in inconsistent risk evaluation throughout FMEAs
(Spreafico et al., 2017). The study suggests improving applicability of FMEA methodology by
automating FMEA with software to reduce human intervention and provide structured
templates and interfaces. To increase accuracy in cause-and-effect chains, there have been
attempts to detail failure, failure effects, and failure causes. To reduce subjectivity in risk

analysis, detailed quantitative and qualitative evaluation criteria can be used (Spreafico et al.,
2017).

Following the risk evaluation, one frequently discussed issue is the use of the Risk Priority
Number (RPN), which evaluates potential failures based on three parameters: severity,
occurrence, and detection. While the RPN method aims to support risk prioritization, research
has shown that different combinations of these three rankings can result in identical RPN values
despite representing significantly different risk levels (Liu et al., 2013). Furthermore, the
scoring process for these parameters often relies heavily on expert judgment, which introduces
subjectivity and may lead to inconsistencies across evaluation teams. These methodological
challenges can reduce the reliability of risk prioritization and affect the effectiveness of
preventive decision-making in quality management processes (Liu et al., 2013).

As for future areas of improvement the study identified through literature review the use of
uncertainty theories, decreasing discrepancies between team members and inclusion of
additional risk factors which would contribute to ranking of the risks in a more systematic way.
Interestingly, the study also explored that some research has begun to focus on determining
FMEA team members weights. Another future investigation topic the study suggests focussing
on the development of risk priority number of a dynamic FMEA (Liu et al., 2013). Similarly,
another study conducted a literature review specifically within manufacturing industry FMEA
to conclude that most of the research focuses on improving RPN sequencing. Additionally,
discusses the need of FMEA automation and integration of Al, due to technological
advancement and data increase, there is a strong demand in manufacturing for industrial
transformation (Wu et al., 2021).

Overall, these studies show that the traditional FMEA has multiple shortcomings in today’s
context more research over the years has been poured into improving the traditional FMEA in
various industries, including automotive industry. The need for improving FMEA according
to current research stems from both internal and external factors. The most common
shortcomings emphasized in current studies are task-load and subjectivity in terms of
applicability and risk evaluation. Mentioned FMEA shortcomings can also be related to
PFMEA as it is one of its variations.



2.2.2 PFMEA shortcomings in Automotive Industry

Majority of automobile components within automotive industry are produced or assembled by
suppliers therefore risk analysis of processes by suppliers is crucial to prevent failures (Banduka
et al., 2016). Overall, it can be concluded that PFMEA shares the same methodological
challenges as FMEA, given that it is a specialized variant of the same underlying approach. To
illustrate these shortcomings with empirical evidence, a study by Johnson and Khan (2003)
surveyed 150 quality-approved suppliers within the UK automotive industry, achieving a
response rate of 77.3%.

The study revealed that all suppliers criticized the subjectivity of Severity, Occurrence, and
Detection (SOD) ranking values, highlighting a fundamental limitation in PFMEA's risk
prioritization mechanism. Beyond subjectivity, the research identified several additional
challenges: efficiency concerns in PFMEA execution, lack of standardization across
applications, and difficulties in measuring progress and effectiveness. Most significantly, when
suppliers were asked to rate the importance of various factors for successful PFMEA
implementation, "Team aspects" received the highest average importance score (4.04 out of 5),
ranking above technical, process management, and training considerations (Johnson & Khan,
2003).

This finding empirically shows that effective PFMEA practice depends not only on technical
proficiency but critically on organizational factors such as cross-functional collaboration,
communication, and teamwork. Which are precisely the types of human and organizational
factors that traditional PFMEA methodology tends to overlook. The study further noted that
suppliers struggled to quantify the true benefits of PFMEA in terms of cost reduction, reliability
improvements, and problem prevention, suggesting a gap between the intended purpose of
PFMEA as a preventive tool and its practical application in industry (Johnson & Khan, 2003).

Building upon on the emphasis on human work activity, recent research has systematically
investigated the composition and competencies of PFMEA teams. Komatina and Marinkovi¢
(2025) argue that while the AIAG&VDA FMEA Handbook recommends potential team
members—including process engineers, ergonomists, and quality engineers—it does not
strictly define the core team composition, leaving this decision to company management.
Through a case study in a Tier-1 automotive supplier, the authors developed a mathematical
model (IPF-RADAR) for selecting core PFMEA team members based on four criteria derived
from the handbook's recommendations: knowledge of the considered process/product,
experience working in a PFMEA team, interdisciplinary expertise, and communication skills
and teamwork ability. Their findings demonstrate that effective PFMEA implementation
depends not only on technical expertise but also on the systematic selection of team members
with the appropriate competencies, providing empirical support for the importance of human
and organizational factors in PFMEA practice (Komatina & Marinkovi¢, 2025).

Furthermore, Komatina and Marinkovi¢ et al. (2025) emphasize that a traditional PFMEA
methodology used in automotive industry context, does not have an integrated approach for



recommendation on what activities should be implemented first to address causes. This supports
an overall FMEA problem described by Liu et al. (2013), where different values of Occurrence,
Detection and Severy could give the same RPN value due to other overlooked risk factors. The
same conclusion about RPN value comes from a PFMEA implementation study conducted
within automotive industry of component assembly by Abdullah and Faieza (2014),
additionally they found that 75% of failures during assembly are due to human error. Similarly,
Rachieru et al. (2013) agree that the same value of RPN can consist of different hidden risks
and interdependencies of failures are overlooked. Important to note that Abdullah and Faieza
(2014) applied PFMEA within the assembly, the frequency of failures and causes barely
decreased while preventative actions and detection actions increased significantly.

2.2.3 PFMEA maturity within Automotive Industry

Another perspective of PFMEA shortcomings to take on is to assess possible maturity levels
which are defined based on drivers of the evolving industry standards. To achieve higher
maturity, PFMEA needs to be transformed. The transformation of PFMEA reveals the overall
picture of what we consider today’s shortcomings which hinder the efficiency of PFMEA.
Recent research has sought to further refine PFMEA practices to meet the evolving demands of
the automotive industry. Aleksic¢ et al. (2025) emphasize that while PFMEA is mandatory and
widely applied in the automotive sector under IATF 16949:2016, its effective implementation
faces numerous challenges related to financial constraints, workforce availability, technical
conditions, and team competencies.

In summary, Aleksic¢ et al. (2025) argue that modern industrial practices increasingly strive for
a higher degree of PFMEA automation, aligning with Industry 4.0 principles, to minimize
human errors and reduce subjectivity in risk assessments. Overall, the current changes of
industrial process driven by automatization and technological advancement is the widely
accepted Industry 4.0. Banduka et al. (2024) propose a generic model for the maturity levels of
PFMEA within automotive industry to achieve Industry 4.0 level. The highest maturity level
is when a company uses software and has a centralized database with the support of Al for
PFMEA. The case study company was identified to have its PFMEA maturity level at 2.0,
where there is no centralized database and calculations of rankings are performed manually
(Banduka et al., 2024).

Complementing findings of FMEA literature reviews, empirical research with industry
practitioners provides additional insights into the specific barriers that hinder the PFMEA
transformation. Aleksi¢ et al. (2025) conducted a study with PFMEA team leaders from three
automotive companies operating in Serbia, aiming to evaluate and rank the factors influencing
the achievement of PFMEA 4.0 maturity. Using a combined Multi-Attribute Decision-Making
(MADM) approach including AHP, TOPSIS, SAW, EDAS, and RADAR methods, the study
identified the most significant barriers to PFMEA transformation. The findings revealed that
the level of process automation, control and data monitoring systems, and digitalization of
PFMEA completion were ranked as the top three most challenging factors.



Notably, when determining the importance of the evaluation criteria for these factors,
practitioners assigned the highest importance to lack of skills and knowledge (weight 0.37) and
lack of operational capacity (weight 0.30), while implementation costs were considered
relatively unimportant (weight 0.06). These empirical results demonstrate that practitioners
perceive human and organizational capacity limitations as more critical obstacles than financial
constraints, reinforcing the literature's emphasis on subjectivity and task load while also
highlighting the practical challenges of skills and operational readiness (Aleksi¢ et al., 2025).

2.3 Human-Technology-Organization Concept in Automotive Industry

This section introduces the key perspectives that expand the traditional PFMEA by including
human behaviour and systems view considerations. First, the concept of “human error” in
PFMEA is examined, highlighting that these failure causes are often not isolated individual
mistakes. Furthermore, to understand such complexities, this section also provides and
overview of sociotechnical systems, which is the foundation of the Human-Technology-
Organization (HTO) concept that analyses interactions in work activity in a systems view.
Finally, the relevance of sociotechnical systems and HTO concept in PFMEA within
automotive industry context.

2.3.1 “Human Error’ in PFMEA

Some studies have examined how human-related factors can be incorporated into failure
analysis. Petruni et al. (2019) evaluates and purposes a Human Reliability Analysis (HRA)
technique suitable for automotive industry. HRA technique is based on criteria focuses on
estimating possible causes and the probability of “human errors” to support risk assessments
(Petruni et al., 2019). Furthermore, Soguilon (2009) applied a Human Factors PFMEA (HF
PFMEA) methodology in a semiconductor manufacturing context to analyse human related
failures occurring during engineering processes and trace these failures to organizational root
causes (Soguilon, 2009).

While HRA helps to estimate the probability of human related failure causes and HF PFMEA
expands traditional PFMEA by including human factors, its structure still treats human and
organizational causes as separate categories (Petruni et al., 2019; Soguilon, 2009). This is
different from sociotechnical system theory and HTO concept, where the emphasis is on
interdependence and interaction between Humans, Technology and Organisation (Berglund et
al., 2020). However, the findings of Soguilon (2009) somewhat support the HTO logic. The
analysis of failures and causes showed "human error" at the operational level often originate
from deeper organizational and managerial factors that traditional risk assessments typically
overlook (Soguilon, 2009).

A case study about human factors influencing process performance in automotive assembly by
Leva et al. (2023) reached similar conclusions that assembly errors are most likely due to
mismatch between workers and tasks than just individual mistakes. As an example, by
systematically investigating engineering process failures that led to product issues, Soguilon
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(2009) revealed that operational failures were frequently attributable to specific management
errors, including inadequate human resource development and workload, as well as deficiencies
in project planning and communication such as incomplete requirements and the absence of
standard training protocols for critical tasks (Soguilon, 2009).

Soguilon (2009) notes that “human errors” in engineering processes, such as “operator mistake”
in production, are rarely analysed for risks. Additionally, their findings show that managerial
mistakes such as lack of standardization and communication significantly contribute to failures.
Soguilon’s reflections highlight the misalignment between the effort spent on mitigating
failures of different causes and their actual impact. As illustrated in Figure 2.1, management
failure causes commonly receive the least attention but have the greatest impact on outcomes
(Soguilon, 2009).

Management

Management failures

failures

Human error
Human error

Equipment
Equipment failure failure
Effort expended Actual importance

Figure 2.1. The effort expended on different causes of accidents and their actual importance explained by
Soguilon (2009).

This study of HF PFMEA by Soguilon (2009) reflects the shortcomings of FMEA found by
Spreafico et al. (2017) where they analysed hundreds of papers. The study found that most
common shortcomings of FMEA is the subjectivity of the method and risk evaluation due to
different experiences of users and unclear guidelines, additionally FMEA users struggle with
identification of root causes. The study also shows that the current trend is to digitalize and
automate FMEA to reduce human intervention and boring tasks regarding the use of FMEA

(Spreafico et al., 2017).

A case study of PFMEA integration with lean of a supplier within automotive industry showed
improved failure identification when root cause analysis was applied to identify causes which
therefore allowed to standardize risk analysis of some of the production work. By standardizing
risk analysis of at least some human work, a lot of time can be saved when creating a new
PFMEA (Banduka et al., 2016).

2.3.2 Overview of Sociotechnical Systems

The overall purpose of sociotechnical systems is the development of interdependent human,
organizational and technological systems as Landau (1995) writes. Sociotechnical systems are
dynamic and with evolving design decisions and trade-offs (Bauer & Herder, 2009). The
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origins of sociotechnical work concept can be found in early coal-mining studies in 1960s,
where the idea of technical and social systems interdependence was developed. Over time terms
such as “sociotechnical”, “sociotechnical theory” and “sociotechnical systems” have become
widely used, squeezed today into the acronym STS, potentially simplifying the concept.
Although Landau (1995) states that this oversimplification ignores the complexity of this
concept.

Landau (1995) argues that sociotechnical system is not a fixed method but an evolving
conceptual approach over time which embraces the complexity of the environment. He
illustrates these changes through research examples where new findings and insights are found
when observing social and technical element interaction. As an example, Landau (1995)
challenges that the human behaviour which historically has been viewed as an obstacle in
industries, is a rational response to the system design. Additionally, the ignorance of human
behaviour increases failures and could be avoided by integrating the human aspect from the
beginning in the system design (Landau, 1995).

2.3.3 Human-Technology-Organization Concept

Human, Technology, Organisations (HTO) concept is developed to conceptualize the
understanding and improvement of complex work systems from a holistic systems view. It
highlights that work performance is denoted by the interaction between three sub-systems:
Humans (H), Technology (T), Organisation (O). At the core of the HTO is human work activity
carried out within these three sub-systems which together is the work system. Figure 2.2
visually presents HTO visually where the interaction of sub-systems Human, Technology and
Organisation is marked grey (Berglund et al., 2020).

H

Work
activity

T O

Figure 2.2. Human, Technology, Organisation Concept illustrated by Berglund et al. (2020).

Berglund et al. (2020) wrote that the systems view of work activity is achieved when each of
the sub-systems and their interactions are understood. Different combinations of interactions of
sub-systems exist depending on the operation. It could be possible, for example, just for two
sub-systems interacting or all three simultaneously. Human-Technology-Organization (HTO)
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concept essentially comes from sociotechnical systems theory where the systems view
originates (Karltun et al., 2017).

For instance, Zarei, Khan, & Abbassi (2023) studied the improvement of safety performance in
sociotechnical systems where variations occur due to numerous Performance Shaping Factors
stemming from task, environment, organization, machine, and individual attributes. With
increased work performance requirements, sustainability trends and technological
advancements, work systems have become more complex. HTO concept helps to understand
this complexity. Many operations in the foreseeable future will still highly depend on the human
workforce, and the advantage of applying the HTO concept is its contribution to high
performance for the organization and work quality (Berglund et al., 2020).

HTO concept was developed in Swedish nuclear industry due to the need of improving safety
in regard of technological advancements. Firstly, the engineers would calculate and predict
potential failures within using methods such as FMEA. However, incidents still appeared. This
further shifted the attention to human behaviour in operations where operators did not always
behave as expected and designing systems that match the human capabilities (Berglund et al.,
2020). Such situations have often been historically referred to as “human factors” which can
result in employees being seen as unreliable. In truth, humans are better at some tasks than
machines and vice versa (Berglund et al., 2020). Consequently, contemporary safety research
advocates a paradigm shift from focusing on "human error" toward understanding "human and
system performance variability" during risk assessment Zarei, Khan, & Abbassi (2023).

This reconceptualization recognizes that what manifests as an individual mistake is often the
emergent outcome of deeper systemic conditions shaped by technological design and
organizational context, rather than an isolated lapse in human performance. As Berglund et al.
(2020) wrote some incidents are due to organisational shortcomings, for example, inadequate
routines and error responses (Berglund et al., 2020). HTO concept was identified to be useful
in other industries to improve quality, system performance and work environment. HTO
approach helps to understand and explain causes behind potential failures related to health and
safety risks, lack of productivity and quality (Berglund et al., 2020).

As Berglund et al. (2020) explain the application of HTO concept, firstly, it is important to
identify work activity which is the core element of work systems. Work activity is different
from prescribed work, understanding this gap is essential for systems performance. HTO
concept consists of 3 sub-systems: Human, Technology and Organization. Human sub-system
encompasses human capabilities, limitations and characteristics which reflect the work activity.
Human sub-system can be described in four levels: as a biological energy processing system
(physical capacity and physiological load), an information processing system (cognitive
capabilities), an individual with unique characteristics (personality and experience), a member
of social groups (collective behaviour) (Berglund et al., 2020).

Technology sub-system is about all the tools, equipment, digital systems which shape the work
condition and thus work system. Definition of this sub-system as proposed by Berglund et al.
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(2020) technology is the means of transforming inputs to outputs. These means can either
directly interact with the human such as control panels or indirectly influence the work such as
workspace layout and lighting (Berglund et al., 2020). Organisation sub-system includes all
aspects of how the work is organised, structured and governed. It can be seen as a social system
designed to coordinate work activities for a common purpose and thus shapes the work system
performance. It consists of formal aspects (written rules, roles and goals) and informal aspects
(unwritten practices, culture and norms) (Berglund et al., 2020).

There are multiple ways of applying HTO concept in practice. Berglund et al. (2020) describe
several uses, including designing products and systems to ensure technology compatibility with
human capabilities, understanding complex work by identifying gaps between actual and
prescribed work, improving safety through identification of incident causes, enhancing health
and productivity by redesigning work environments.

2.3.4 Importance of STS, including HTO concept, within automotive industry
towards industry 4.0

Case study by Yuliatin and Oktarina (2025) show that Sociotechnical Systems are important
within automotive industry when it comes to straightening industry 4.0 readiness characterized
by technological advancements. By implementing sociotechnical systems theory through
initiatives where the technological environment was adapted for more efficient human-
technology interaction, results showed improvement in operational performance. STS provided
an overview of possible improvement areas for balancing technical and social elements, where
technical elements consist of technology and environment and social element consists of
humans and organizational aspects (Yuliatin & Oktarina, 2025). Similarities in this case study
can be drawn to the overall concept of HTO concept for understanding complex work described
by Berglund et al. (2020).

Implemented initiative examples include VR training, supplier engagement and digital
traceability. These initiatives overall improved the process performance. Training duration
decreased, defect detection increased and customer complaints were resolved faster. The study
concludes that sociotechnical alignment where the gap between social and technical subsystems
is reduced, is critical for achieving Industry 4.0 readiness. Digital transformation can be
accelerated and operational performance improved when technological advancements are
implemented alongside human-centred practices (Yuliatin & Oktarina, 2025). Another
interesting insight comes from a case study done Banduka et al. (2016) within automotive
industry of a supplier when integrating lean in PFMEA where it was concluded that failure
identification improved by 33% when more workers of production were involved in risk
analysis which increased the total RPN value.

In contrast to sociotechnical systems view, Petruni et al. (2019) draws focus on assessing human
work performance risks separately from technology and organisational sub-systems by
emphasizing that human reliability is a critical performance component within automotive
industry due to increased work environment complexity and technological advancements. This
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study shows the need for evaluating Human sub-systems, however, Yuliatin and Oktarina
(2025) stress the importance of also including Technology and Organization aspects and
interactions between these systems. Additionally, Leva et al. (2023) stress the importance of
optimising worker capabilities together with task demands to reduce errors in automotive
industry assembly context. The combination of these perspectives leads to opportunities on
where HTO concept could be applied.

2.4 Connection between research questions and theory

This chapter explains the connection between literature and the three research questions. Figure
2.3 illustrates this relationship. When the context was narrowed to PFMEA shortcomings within
automotive industry, RQI filters shortcomings in relation to failure causes. Then RQ2 through
these challenges identifies the missing failure causes in the context of HTO. RQ1 and RQ?2 are
basis for answering RQ3 which is about integrating HTO concept into PFMEA.

FMEA shortcomings

PFMEA shortcomings

A 4

Challenges of capturing failure causes

Challenges of capturing
sociotechnical failure
causes

Categorize and identify with HTO
concept what is not captured

HTO-PFMEA framework

Figure 2.3. Research question connection to literature and theory.

Despite FMEA being a widely used risk assessment method in the automotive industry, research
indicates that its application in practice often has shortcomings. Shortcomings of traditional
FMEA and risk assessment in automotive assembly environment, and therefore PFMEA
shortcomings within automotive industry are identified in literature background as:
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e Lack of standardization and subjectivity in ranking evaluations due to FMEA user
experiences, for instance, identical RPN values can represent different risk levels
(Johnson & Khan, 2003; Liu et al., 2013; Spreafico et al., 2017; Abdullah & Faieza,
2014; Rachieru et al., 2013).

e Reactive use of PFMEA, where there is gap between the intended purpose of PFMEA
as a preventive tool and its practical application in industry (Johnson & Khan, 2003).

e Overlooked organizational and managerial causes (Soguilon, 2009), including team
aspects (Johnson & Khan, 2003; Komatina & Marinkovi¢, 2025).

e Overlooked interdependences of different factors of failures (Berglund et al., 2020;
Yuliatin & Oktarina, 2025; Rachieru et al., 2013; Leva et al., 2023)

e Task intensive and efficient implementation challenges (Bergman et al., 2022; Spreafico
etal., 2017; Liu et al., 2013; Wu et al., 2021; Johnson & Khan, 2003)

e (ause and effect identification and classification (Spreafico et al., 2017)

Technological advancements and industry standards push for FMEA automation and
standardization (Banduka et al., 2024; Aleksi¢ et al., 2025). However, the standardization of
PFMEA is a persistent challenge as Johnson and Khan (2003) pointed out. Additionally, current
research discusses automation of PFMEA as a solution to reduce human intervention
(Spreafico, Russo, & Rizzi, 2017), and another case study in automotive industry showed that
75% of failures are due to human work activity (Abdullah & Faieza, 2014). Soguilon (2009)
emphasizes that organizational and human work activity related failure causes are overlooked
in risk analysis.

In summary, the research shows that within the automotive industry traditional PFMEA method
to some extent does not capture human work activity and organizational aspects, both which
are part of sociotechnical system theory, and which are responsible for many failures of the
processes. Additionally, other PFMEA applicability shortcomings can possibly reduce the
accuracy of capturing failure causes. This leads to first research question which helps to
understand the gap of capturing failure causes in current automotive industry context.

RQ1: Why do PFMEA potential failure cause predictions fail to reflect the actual failure causes
observed during assembly?

RQ1 would help to understand challenges of capturing failure causes in a real-life case scenario
which could be connected to PFMEA not capturing sociotechnical aspects. Providing that
sociotechnical causes are challenging to capture according to the literature, the next step would
be to investigate sociotechnical failure causes by using HTO concept which includes Human,
Technology and Organization sub-systems and their interactions that make up for work activity
such as assembly. This would help to understand which of the sub-systems is missing the most.
RQ2 aims to identify human, technological, and organizational failure causes that are
overlooked in current PFMEA practice.
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RQ2: What human, technological, and organizational failure causes influencing automotive
industry assembly processes are not currently captured in PFMEA assessments?

As demonstrated empirically by Soguilon (2009), failures attributed to operational "human
error” often have root causes in deeper organizational factors, such as inadequate resource
planning, insufficient training, or poor communication structures. The HTO concept provides
the conceptual categories needed to systematically identify and classify these overlooked
factors in a manufacturing context.

RQ3 explores how these HTO perspectives can be integrated into PFMEA. The methodological
precedent set by Soguilon's (2009) HF PFMEA application, which successfully traced product
issues back to human work activity, demonstrates the feasibility of expanding FMEA's scope.

RQ3: How can the Human-Technology-Organization (HTO) concept be integrated into
PFMEA to support a more comprehensive identification and prediction of potential failure
causes?

This study aims to conceptually develop an HTO-PFMEA framework that enables a more
holistic identification and assessment of process risks, moving beyond the traditional focus on
technical failures and superficial "human error" classifications.
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3 Methodology

This chapter describes the methodological approach applied in the study and explains how the
empirical data were collected and analysed in relation to the research purpose and research
questions. The chapter presents research design, interview methodology, documentary analysis
of 8D reports, applied data analysis procedures, selected case company description.
Furthermore, considerations related to research quality, reliability, ethical aspects, and
confidentiality are discussed to ensure transparency and trustworthiness throughout the study.

3.1 Connection Between Research Questions and Methodology

The methodological choices of this study are closely aligned with the nature of the research
questions, which are primarily exploratory. The study aims to investigate a relatively
underexplored phenomenon, namely the discrepancies between PFMEA predicted failure
causes and the actual failure causes observed in real manufacturing environments, particularly
from a sociotechnical perspective based on the Human, Technology and Organization concept.

Although existing research has identified several methodological limitations of PFMEA, such
as subjectivity in risk evaluation and limitations of the Risk Priority Number, there is limited
empirical understanding of how human, technological and organizational factors interact to
influence discrepancies between predicted failure causes and actual failure causes in practice.
This indicates that the research area is not yet sufficiently developed to support hypothesis
testing or confirmatory research. Therefore, an exploratory research approach is appropriate, as
it enables the investigation of complex and insufficiently understood phenomena and allows for
the generation of new insights into underlying mechanisms (Séfsten et al., 2024).

Exploratory research is particularly suitable in this study because it focuses on addressing why
and how questions rather than measuring predefined variables or testing causal relationships.
In this context, the study does not aim to merely describe PFMEA practices, but rather to
explain why discrepancies between predicted failure causes and actual failure causes occur and
how these discrepancies can be better understood and addressed. Such questions correspond to
explanatory and prescriptive forms of knowledge, rather than purely descriptive knowledge,
which is typically associated with what type questions (Sifsten et al., 2024) Table 3.1 illustrates
the connection between each research question and the corresponding methodological
approach.
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Table 3.1. Connection between research questions and methodological approaches

Research Question Research Data Collection Method Data Analysis Method
Purpose
Comparative analysis of PFMEA
RQ1: Why does PFMEA PFMEA documentation, 8D and 8D data, combined with
potential failure cause predictions reports, and semi-structured qualitative analysis of interview
fail to reflect the actual failure Explanatory | interviews with PFMEA data to identify and explain
causes observed during assembly practitioners, process discrepancies between predicted
processes? engineers, and operators failure causes and actual failure
causes
Literature review on
RQ2: What human, technological, sociotechnical systems Thematic analysis structured
and organizational failure Identification | theory and the Human, around the Human, Technology
causes influencing assembly and Technology and and Organization concept to
processes are not currently categorization | Organization concept, identify and categorize
captured in PFMEA assessments? combined with interview uncaptured failure causes
data
RQ3: How can the Human-
Technology-Organizat'ion (HTO) Findings from RQI and Inductive development of a
concept be integrated into PFEMEA Conceptual RQ2, supported by relevant conceptual structure referred to as
to support more comprehensive development i tera’turg P M HTO -FMEA based on empirical
identification and prediction of findings and theoretical insights
potential failure causes?

RQI seeks to understand why PFMEA predicted failure causes fail to reflect the actual failure
causes observed during assembly processes. Given the lack of detailed empirical studies
addressing this gap, this question requires an open-ended investigation into practitioner
experiences and documented failure cases (Safsten et al., 2024). Therefore, document analysis
of PFMEA documentation and 8D reports is combined with semi-structured interviews to
explore discrepancies between predicted failure causes and actual failure causes and to uncover
underlying explanations.

RQ2 further extends this exploration by identifying human, technological and organizational
failure causes that are not captured in PFMEA. Since these failure causes are not predefined
within traditional PFMEA approaches, an exploratory qualitative approach is necessary to
allow new categories and insights to emerge from the data (Sifsten et al., 2024). The use of
thematic analysis structured around the Human, Technology and Organization concept supports
this objective.

RQ3 builds upon the findings of RQ1 and RQ2 and is conceptual in nature. It aims to explore
how the Human, Technology and Organization concept can be integrated into PFMEA Rather
than testing an existing model, this question involves developing a conceptual structure,
referred to as HTO-PFMEA, based on both theoretical insights and empirical findings. This
approach is consistent with an exploratory and inductive research logic, where theory
development is grounded in the interpretation of empirical data.
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3.2 Research Process

This chapter describes the overall process and main activities carried out in this study. Table
3.2 provides an overview of the research process throughout time with the main activates in a
form of a Gantt Chart. The research process started with problematization to identify purpose,
this step in Table 3.2 mainly consisted of Project Initiation & Feasibility assessment activity
together with Literature Review and Framework activity. Both activities helped to understand
current area of knowledge in terms of PFMEA shortcomings within automotive industry and
sociotechnical role in it.

Table 3.2. Study research process and Gantt Chart.

week week week week week week week week week week week week week week week week week week week week

ACtIVItIeS 3 4 5 6 7 8 9 0 1 12 13 14 15 16 17 18 19 20 21 22

Project Initiation & Feasibility

Literature Review & Framework

Document Analysis

prepar ation

Interview Transcription

Data Analysis & HTO-PFMEA Dev

Polishing & Defence Prep. ‘ ‘ |
Problematization Study design Execution analysis | Discussion and Conclusions

The problematization process is visualized in Figure 3.1, similarly inspired from Séfsten et al.
(2024) who emphasize this as the first important step of the research process. To understand
the area of knowledge and research possibilities, theoretical framework and literature review
was conducted and several meetings with the case company were held to understand the
possibility of data collection and their situation correspondence to our research topic. This
initial phase served to establish the theoretical foundation for the study and identify the research
gap. The area of knowledge then was narrowed down to a problem by choosing the scope and
organizational and industry context. The three research questions were established according to
the purpose of conceptually suggesting the HTO-PFMEA framework to address the

Areaofknowledge

Problem

Purpose

RQ1 RQ2 RQ3
sociotechnical gap in PFMEA failure causes within the automotive industry assembly context.

Figure 3.1. Problematization process.
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Following problematization, the research design was developed, including the selection of a
qualitative single case study approach and the preparation of data collection. The execution
stage consisting of different data collection methods proceeded in parallel streams.
Documentary analysis was conducted on two distinct yet complementary sources. First, existing
PFMEA documentation provided by the case company was analysed to examine how failure
modes and causes were formally documented, with particular attention to the categorization of
"human error" and the level of detail in failure cause descriptions.

Second, a sample of 8D (Eight Disciplines) problem-solving reports was selected from the
organization’s quality management system based on criteria. Simultaneously, semi-structured
interviews were conducted with ten participants representing different roles involved in
PFMEA practice, including operators, process engineers, Quality Assurance Specialists, and
PFMEA owners. The data analysis phase employed thematic analysis techniques, with
interview data coded according to categories derived from the HTO concept.

The findings from literature review, document analysis, and interviews were integrated to
develop a conceptual HTO-PFMEA framework. The final phase consisted of discussion and
conclusions. The proposed HTO-PFMEA framework is conceptual. The study does not test or
implement the framework within operational manufacturing systems, nor does it develop
software tools or automated systems for PFMEA analysis. Instead, the framework is intended
to serve as a conceptual contribution that may guide future research and methodological
development.

3.3 Research Design

The research method of this degree project is a qualitative single-case study with one unit of
analysis which is the individual failure cause, therefore it can also be considered as a holistic
case study (Sifsten et al., 2024). This method is suitable for this study as it is exploratory and,
therefore, the advantage of this method as Séfsten et al. (2024) wrote is that it allows to gain in-
depth understanding of a less explored situation which in this study is the research gap of
integrating sociotechnical systems aspects into PFMEA by using concepts such as HTO. A case
study strategically answers "why" and "how" questions, this directly relates to the last and most
emphasized research question to find out how HTO can be integrated in PFMEA (Baxter &
Jack, 2008).

Additionally, this research method made it possible to explore the topic within the context of
production processes at an automotive industry supplier, specifically assembly. The context of
this case study matters as different industries and organizations have different PFMEA
standards and possibly maturities. This is supported by Baxter & Jack (2008) stating that a case
study methodology is particularly suitable for analysing complex and context-dependent
phenomena, where the boundaries between the phenomenon and its context are not clear and
where multiple sources of evidence are required.
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A qualitative approach is appropriate due to the exploratory nature of this study which focuses
on understanding practitioners’ perspectives, decision-making processes, and operational
practices to gain understanding on how to develop HTO-PFMEA rather than testing predefined
hypotheses or establishing statistically generalizable relationships (Creswell, 2014). Although,
a single-case study is a very suitable research method, some disadvantages exist with this
method. The most important disadvantage is that the results cannot be generalized since it is
contextual (Baxter & Jack, 2008). Other challenges associated with case studies at companies
are time management and planning, understanding the context and not breaking the role of a
researcher (Séfsten et al., 2024).

3.3.1 Case Company Description

The case company which provides the context of this study is within the automotive industry.
It is a top-tier supplier to a global car manufacturer and specializes in production of engines and
powertrain components. The company has operations in multiple countries across the world.
The focus of this degree project is on the assembly operations at one of the company’s
production facilities located in Sweden. This facility is an important part of the company’s
manufacturing network, as it is responsible for assembling engines which are supplied directly
to the customer, a global car manufacturer. The chosen assembly is suitable for this study, as
work activity at the stations often involves a combination of human and technology interactions,
shaped by organizational factors.

3.4 Data Collection

To ensure a comprehensive and empirically grounded analysis, the study integrates multiple
data sources. Data are collected through semi-structured interviews with professionals from
different functional roles and through document analysis of 8D reports related to quality
deviations. The interviews provide detailed insights into participants’ experiences,
interpretations, and decision rationales, while the 8D reports offer documented evidence of
problem-solving processes, including root cause analysis, corrective actions, and instances
where PFMEA has been updated. The combination of these data sources enables
methodological triangulation, which enhances the robustness of the findings by allowing cross
verification between experiential accounts and documented operational data.

3.4.1 Sampling Strategy

A purposive sampling strategy was applied to ensure that all selected data sources were directly
relevant to the research objectives and capable of providing rich insights into PFMEA practices
and failure causes. This approach is consistent with the exploratory nature of the study, where
depth and relevance of data are prioritized over statistical representativeness.

For the interviews, participants were selected based on their organizational roles and
involvement in PFMEA related activities. A role-based selection approach was adopted to
capture perspectives from different positions, including PFMEA practitioners, process
engineers, operators, and quality related roles. All participants had prior experience with
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PFMEA and were involved in activities related to the identification, evaluation, or management
of failure causes. This ensured that the data collected reflects multiple perspectives on
discrepancies between predicted failure causes and actual failure causes.

For the document analysis, 8D reports were selected using a criterion-based approach. A
purposive sample of reports from the year 2025 was chosen, focusing specifically on resolved
cases where the final corrective actions involved updates to PFMEA documentation. This
ensured that the selected cases were directly relevant to the research focus on the relationship
between predicted failure causes and actual failure causes, as well as the effectiveness of
PFMEA in practice.

3.4.2 Semi-Structured Interviews

Semi-structured interviews served as the principal method for data collection. An interview
approach is suitable for case study research to gain knowledge from practitioners about a
phenomenon (Séfsten et al., 2024). This format was selected for its flexibility, allowing for the
exploration of emergent themes while ensuring that key topics related to PEFMEA methodology,
application, and perceived limitations were systematically covered (Kallio et al., 2016).

The interview questions were structured around several thematic areas derived from the
literature. Questions included topics on understanding observed shortcomings of PFMEA
within mainly assembly processes in terms of applicability and methodology, perceived
reliability of ranking values to estimate subjectivity and underlying HTO concept to support the
investigation of failure causes and their underlying mechanisms, see Table 3.3 The themes
were aligned with the research questions, particularly focusing on exploring discrepancies
between predicted failure causes and actual failure causes, as well as identifying failure causes
that are not well captured in PFMEA. An overview of the interview questions is provided in the
Appendix 1.

Table 3.3. Thematic areas of interviews.

Theme Sub-themes ‘
Personal background Experience with PEMEA
Observed PFMEA
shortcomings Failure causes, application
Severity
Ranking value reliability
perception Occurrence
Detection

Human sub-system

Human work activity related

failure causes Technology sub-system

Organization sub-system

Future of PFMEA Improvements

A total of ten interviews were conducted with practitioners holding various roles within a single
case company. Participants were selected using a purposive sampling strategy to ensure
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relevance to the research objectives. A role-based selection approach was adopted to include
perspectives from different functions, such as Manufacturing Engineering, Quality Assurance,
Lean Management, and Research and Development. All participants had prior experience with
PFMEA and were involved in activities related to the identification and evaluation of failure
causes. The interviews were conducted in a digital meeting platform, with each session lasting
approximately one hour. All interviews were audio-recorded and subsequently transcribed to
facilitate rigorous analysis. An overview of the conducted interviews is presented in Table 3.4.

Table 3.4. Conducted interviews.

Date Focus Role Structure Time
2026/3/18 Cross-functional alignment Risk Facilitator Semi-structured 59min
between R&D and Manufacturing
Engineering for FMEA
2026/3/18 PFMEA review from customer Quality Manager, Semi-structured 86min
complaints and supplier quality Customer Satisfaction
perspective
2026/3/19 PFMEA application in new Equipment Engineer Semi-structured 56min

product introduction; coordination
of cross-functional PFMEA

workshops

2026/3/19 PFMEA in machining (build-to- Product & Process Semi-structured 50min
print) Engineer, Machining

2026/3/20 PFMEA in early product Quality Assurance Semi-structured 54min
development; “red thread” Specialist (R&D
alignment between DFMEA and phase)
PFMEA

2026/3/23 PFMEA integration with Lean, Lean Director Semi-structured 58min

Kaizen, and problem-solving;
updates triggered by continuous
improvement and customer

complaints

2026/3/23 PFMEA reliability and ranking Quality Assurance Semi-structured 40min
values (Severity, Occurrence, Specialist (Production
Detection) phase)

2026/3/24 PFMEA methodology, digital Manufacturing Quality | Semi-structured 45min
systems, and process quality Process Manager
management

2026/3/24 PFMEA application in assembly Manager, Shop Semi-structured 57min
and logistics processes Engineering

2026/3/25 PFMEA in early concept/prototype | Concept Product & Semi-structured 48min
phases; RPN limitations (high Process Engineer,
even for unlikely failures) Assembly

This sampling strategy is considered appropriate and effective for this study, as the exploratory
research design requires in-depth and context-specific insights rather than statistically
representative data. By selecting participants based on their roles and experience, the study
ensures access to rich, practice-based knowledge about discrepancies between predicted failure
causes and actual failure causes, which would not be obtainable through random sampling.

The interviews were conducted via a digital meeting platform, with each session lasting
approximately one hour. All interviews were audio-recorded with the permission of the
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participants and transcribed to ensure accuracy and support systematic analysis. Transcriptions
after the interview were polished and sent to each of the participants for approval. Quick notes
were made during the data collection phase and discussed after the collection of data to make
them comprehensible. After completing each interview, notes were taken of the main
impressions from the interview, ideas presented, the respondent's behaviour and the interaction
with the respondent (Sifsten et al., 2024).

3.4.2.1 Ethical Considerations and Data Management

Prior to the interviews, all participants were provided with an informed consent document and
an overview of the interview structure. Participation was voluntary, and respondents were
informed about the purpose of the study, the use of data, and their right to withdraw at any time.
To ensure confidentiality, no personally identifiable information or sensitive company data is
disclosed in the study. Participant responses were anonymized during transcription and
analysis. In addition, the reporting of findings was carefully reviewed to avoid the inclusion of
confidential or proprietary information, in accordance with the company’s confidentiality
agreements.

The handling of interview data followed established data protection practices. Audio recordings
and transcripts were securely stored in restricted-access digital environments. Data selection
and reporting were conducted based on relevance to the research questions, while non-essential
or sensitive information was excluded to ensure both analytical clarity and compliance with
confidentiality requirements. All data will be deleted after the completion of the study in
accordance with institutional and organizational guidelines.

3.4.2.2 Strengths and Limitations of the Interview Method

The use of semi-structured interviews provides several strengths in the context of this study.
First, it enables in-depth exploration of practitioners’ experiences and interpretations, which is
essential for understanding complex and underexplored phenomena such as discrepancies
between predicted failure causes and actual failure causes. Second, the inclusion of multiple
roles across the organization allows for a comprehensive and sociotechnical perspective,
aligned with the Human, Technology and Organization concept.

However, certain limitations should also be acknowledged. The findings are based on a single
case company, which limits the generalizability of the results. In addition, interview data may
be subject to respondent bias, as participants reflect on their own experiences and perceptions.
To mitigate these limitations, data triangulation was applied by combining interview data with
documentary analysis of 8D reports, thereby strengthening the credibility and robustness of the
findings.

3.4.3 Existing documentation of the case company

To complement and triangulate the insights gained from the interviews, a case company
documentary analysis was conducted on a selection of 8D (Eight Disciplines) problem-solving
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reports. The 8D methodology is a structured problem-solving approach originally developed
within the automotive industry to support systematic root cause identification, corrective action
implementation, and prevention of recurring failures. The method is widely applied in quality
management systems and is commonly used for investigating customer complaints, production
deviations, and operational failures requiring cross-functional analysis and corrective actions.

Within automotive manufacturing, 8D reports are frequently used as reactive quality
management tools for documenting failure investigations and identifying the underlying
contributing factors behind operational deviations. In contrast to PFMEA, which is intended as
a proactive risk assessment method, 8D investigations are conducted after failures have
occurred. This makes 8D reports particularly relevant for analysing discrepancies between
anticipated risks and actual operational failure causes.

This method was chosen because the interview data consistently revealed a critical gap: while
PFMEA is intended as a proactive risk assessment tool, many failure causes are only identified
reactively during post-failure investigations. The 8D reports, therefore, serve as a crucial
empirical source for understanding the nature of failure causes that were not initially captured
by PFMEA. A purposive sample of 8D reports was selected from the organization’s quality
management system. The selection criteria focused on reports associated with the top five Parts
Per Million (PPM) contributors from the previous fiscal year, as these represent the most
significant quality challenges from a customer-impact perspective. This approach follows the
principle of prioritizing cases with high informational value (Flyvbjerg, 2006).

Each selected 8D report was analysed to: (a) identify the officially documented root cause(s) of
the failure; (b) assess whether these root causes had been previously identified in the relevant
PFMEA; and (c) document the resulting corrective actions, specifically whether they led to an
update of the PFMEA. This analytical process allowed for a direct comparison between
the anticipated risks documented in PFMEAs and the actual failures and root causes
encountered in production and in the field, providing a robust empirical basis for evaluating the
methodology’s effectiveness.

3.5 Data Analysis

The data analysis followed a qualitative and iterative approach, integrating thematic analysis of
interview data with a structured comparison against documentary evidence from 8D reports.

3.5.1 Interview analysis

Thematic analysis approach was applied which followed the process described by Séfsten et al.
(2024). The coding process combined both deductive and inductive approaches: deductive
codes were informed by the research focus, mainly derived from existing interview question
themes. While inductive coding allowed additional themes to emerge directly from the
empirical data. Before the coding process the process started with a first reading of the
transcribed material and taken notes, where reflections and comments regarding the contents
were written down. After the first reading, a short summary of each interview was made,
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containing: who, where, when, how, main subjects, answers to specific questions, particularly
interesting aspects, and new thoughts arising during the transcription and reading that should
be followed up (Sifsten et al., 2024).

After the reading of transcripts, a structured coding scheme was developed to systematically
organize and categorize the identified codes. The coding scheme was iteratively refined
throughout the analysis process as new patterns emerged from the data and in connection with
interview question themes. Coding was done via easily customizable Excel tool created by
Centers for Disease Control and Prevention (2025) for public use. This tool was configured for
the purpose of this degree study to analyse interviews. Coding was conducted via extracting
sentences from transcripts and having certain phrases assigned that corresponded specific codes
under code categories.

Two researchers independently coded the interview transcripts to enhance reliability;
disagreements were resolved through discussion until consensus was reached. The coding
scheme consisted of categories derived from interview themes and newly emerged categories,
which are presented in Table 3.5 below. Code categories were developed in a way that research
questions one and two could be answered by looking at the patterns of coding.

Table 3.5. Code categories.
Answers  Code categories Meaning

PFMEA is not treated as a living document which needs to be

1. Outdated Incomplete PFMEA continuously updated
Inputs in PFMEA are interpreted differently by different people
2. Subjective risk analysis working on PEMEA
R Q 1 3. Oversimplified causes and failures Risks are written in a high-level and lacking detail
PFMEA is not treated as a proactive tool used to prevent
4. Reactive_use_of PFMEA predicted failures

. . Time and resource constraints concern PFMEA efficiency
5. Resource and time constraints

Inconsistencies and lack of access across different FMEA
6. Inconsistent FMEA documentation variants and documentation

Human sub-system failure causes underrepresented in PFMEA
7. Human_subsystem

Technology sub-system failure causes underrepresented in

RQ2 8. Technology subsystem PFMEA
Organization sub-system failure causes underrepresented in
9. Organizational subsystem PFMEA
. . Interactions of sub-systems not captured in PFMEA
10. Sub-system_interactions
Extra 11. PEMEA future Improvement Additional insights on the improvement of PFMEA

Each code category consisted of multiple codes identified when transcripts were read, these
specific codes and their frequency under each category are presented in the findings. Quotes
were taken from transcripts, where certain codes under the listed code categories were assigned
to specific parts of the quotes. Codes were assigned every time when an idea emerged, therefore,
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there were situations where the same code assigned to the same interview but under different
questions, to show which ideas of the respondent were most emphasized.

As part of the analytical process, data reduction was conducted to focus the analysis on
information directly relevant to the research questions. The purpose of data reduction is to
create accurate and detailed descriptions of the collected data.

3.5.2 Documentation analysis

The documentary analysis of the 8D reports followed a structured extraction and classification
process. Each selected report was first reviewed in full, and the officially documented root
cause(s) of the failure were extracted. Subsequently, each identified root cause was classified
along two analytical dimensions. First, the root causes were categorized according to the
Human-Technology—Organization (HTO) concept (Berglund et al., 2020), depending on
whether they primarily reflected human, technological, or organizational conditions. Second,
the relationship between the identified root causes and the corresponding PFMEA content was
classified using three predefined categories. Missing was assigned when no related PFMEA
cause entry existed for the identified root cause. Misaligned was assigned when a related
PFMEA entry existed but represented the cause at a level of abstraction that did not adequately
reflect the specific causal mechanism identified in the 8D investigation. Out of Scope was
assigned when the root cause originated outside the responsibility boundaries of the analysed
PFMEA process, such as in upstream or externally connected operations. To enhance analytical
consistency, both researchers reviewed the classifications and resolved discrepancies through
discussion until agreement was reached. This extraction and classification process ensured that
the documentary analysis remained focused on understanding the discrepancies between
documented failure causes and their representation in PFMEA. The results of the documentary
analysis subsequently informed the interpretation presented in the analysis chapter and
contributed to the development of the proposed conceptual framework.

3.6 Research Quality

To ensure a high level of rigor, this study followed established qualitative research criteria for
trustworthiness, including credibility, transferability, dependability, and confirmability. In
addition, aspects of validity and reliability were considered where applicable, as these
dimensions are widely recognized as essential components of methodological soundness in
qualitative inquiry (Séfsten et al., 2024). Several measures were deliberately implemented
throughout the research process to enhance the quality and robustness of the findings. Rather
than treating quality assurance as a post-hoc consideration, these measures were integrated into
each phase of the study design, data collection, and analysis. The following paragraphs
elaborate on the specific strategies employed under each criterion, as summarized in Table 3.6
below.
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Table 3.6. Quality-enhancing measures implemented.

Criterion Quality-enhancing measures implemented

Internal validity High level of control by using structured interview guide and consistent data collection protocol.
Triangulation of data sources (interviews + 8D reports) and researchers (multiple coders).
Respondent validation: transcripts were reviewed by selected participants.

Construct Validity Compared findings with existing literature on PFMEA and root cause analysis. Used multiple
data sources (triangulation).

External validity Detailed description of organizational context (automotive manufacturing) enables readers to
assess transferability.

Reliability Consistent interview guide; verbatim transcription; interview recording; structured coding
procedure; traceable documentation.

Objectivity Findings grounded in empirical data (interviews + 8D reports); direct evidence used to reduce
bias; reflexivity maintained.

With respect to internal validity, a high level of control was maintained by employing a
structured interview guide alongside a consistent data collection protocol across all participants.
This standardization helped minimize interviewer bias and ensured comparability of responses.
To further strengthen the credibility of the findings, triangulation was applied at two levels:
data source triangulation, combining interview data with documentary evidence from 8D
reports, and researcher triangulation, whereby two researches independently coded interview
data before reaching a consensus. Additionally, respondent validation was conducted, where
selected participants reviewed the interview transcripts to verify the accuracy of the recorded
data and confirm that their perspectives had been faithfully represented.

Regarding construct validity, the analytical findings were systematically compared with
existing theoretical frameworks and empirical literature related to PFMEA shortcomings. This
alignment between the study's emerging interpretations and established bodies of knowledge
helped ensure that the constructs under investigation were measured and interpreted in a
theoretically coherent manner. The use of multiple data sources further reinforced construct
validity through triangulation, providing converging evidence for the key findings.

In terms of external validity, a detailed and contextually rich description of the organizational
setting — specifically, the automotive manufacturing environment — was provided throughout
the study. This level of contextual transparency enables readers and future researchers to assess
the degree to which the findings may be transferable to other organizational or industrial
contexts, consistent with the notion of naturalistic generalization in qualitative research.

Concerning reliability, several procedural safeguards were put in place to ensure the
consistency and replicability of the research process. These included the use of a standardized
interview guide, verbatim transcription of all recorded interviews, audio recording to preserve
the integrity of the original data, a structured and documented coding procedure, and the
maintenance of traceable documentation throughout the analytical process. Together, these
practices support the dependability of the study by enabling an audit trail that allows the
research process to be scrutinized and replicated.

Finally, with regard to objectivity, efforts were made throughout the study to ground all findings
in direct empirical evidence drawn from interviews and 8D reports, thereby minimizing the
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influence of researcher subjectivity. Direct evidence was systematically used to substantiate
interpretive claims, and reflexivity was actively maintained by the research team to
acknowledge and manage potential sources of bias. These practices collectively contribute to
the confirmability of the study, ensuring that the findings reflect the data rather than researcher
preconceptions.

Overall, these measures contributed to a methodologically sound research design and increased
confidence in the credibility and robustness of the study's findings. By embedding quality-
enhancing strategies across all stages of the research process, this study sought to uphold the
standards expected of rigorous qualitative inquiry in the field of operations and quality
management.
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4 Empirical findings

The empirical findings are based on semi-structured interviews and documentary analysis of
8D reports related to final assembly operations during 2025. Due to confidentiality
requirements established by the case company, all findings from the documentations are
presented in an aggregated and anonymized form. Specific products, process identifiers,
customer-related information, severity classifications, and quantitative defect data have been
excluded from the analysis and reporting. The coding process identified several recurring
themes related to the practical application of PFMEA, perceived limitations in risk assessment,
and discrepancies between predicted and observed failure causes. The findings showed that
many practitioners viewed PFMEA as a useful but limited tool for identifying operational risks
in complex manufacturing environments.

Across both interview data and 8D documentation, recurring patterns emerged related to
difficulties in capturing dynamic work conditions, cross-functional dependencies, and broader
organizational influences on process reliability. The findings further indicated that many failure
causes identified during reactive problem-solving activities were not fully represented in the
original PFMEA assessments. The identified themes were grouped into categories related to
PFMEA application in practice, reliability of ranking values, overlooked human, technological,
and organizational factors, and the relationship between PFMEA and continuous improvement
activities.

4.1 Coding results of interviews

This chapter presents the findings of empirical coding data, which were derived from 10
interview transcripts. Overall, the participating interviewees had different levels of experience
with PFMEA and human work activity. Some respondents were more specialized in the
machining area rather than assembly, and some respondents had more knowledge on Design
FMEA than Process FMEA. Nevertheless, all respondents had some knowledge and experience
of PFMEA and assembly operations to have meaningful discussions and insights. However,
possibly due to differences in experiences this risked the variability and inconsistency of
responses and even conflicting opinions of participants.

In total 186 code frequencies were identified under 11 code categories as shown in Figure 4.1.
The results of code categories vary significantly in code frequencies. This is possibly explained
by the topic relevance during interviews, for example, majority of participants expressed that
technological factors were better represented than organizational or human factors, which then
shifted the focus of the conversation to the latter. In short, higher the code frequency resembled
more meaningful topics and discussion points of participants.
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Category frequencies, N= 186

Subjective_risk_analysis
QOutdated_Incomplete_ PFMEA
Oversimplified_causes_and_failures
PFMEA_future_Improvement
Subsystem_interactions
Organizational_subsystem
Human_subsystem
Resource_and_time_constraints
Reactive_use_of PFMEA
Inconsistent_FMEA_documentation

Technology_subsystem

Figure 4.1. Results of the coding categories and code frequencies

Each code represents an idea mentioned or discussed during the interview. Many codes appear
more than 10 times, it is because the same ideas were mentioned by interviewees or by the same
interviewee in different questions. For instance, Subjective_risk_analysis code category has the
highest overall frequency with 34 references, and it consists of codes that overall describe the
of PFMEA input interpretation due to individual judgement, lack of knowledge, value
interpretation and reuse, lack of standardization.

“The most difficult ones are those without clear quantitative requirements. These cases rely
on subjective judgment, which makes them challenging to standardize and include accurately
in PFMEA.” (Manager, Shop Engineering).

Despite that Subjective risk_analysis is the most frequent code category, the highest reference
to a single code is under Outdated Incomplete PFMEA code category which describe the
underlying reasons for why PFMEA is not a living document. This code is “Difficult to capture
all failure causes before production” with 16 code references which is 9% of all code
references, see Appendix 2. This highlights the significance of PFMEA not being complete
because of difficulty of predicting failure causes beforehand which in nature have high
variability in complex work environments.

“Sometimes, these causes were not included in the FMEA because they were considered
unlikely. This highlights the difficulty of capturing all potential causes in advance.”
(Equipment Engineer).

Six code categories with multiple codes describing reasons for why PFMEA struggles to reflect
actual failure causes of assembly are the following ones: Oversimplified causes and failures,
Outdated Incomplete PFMEA, Subjective risk _analysis, Resource and time constraints,
Reactive_use of PFMEA, Inconsistent FMEA documentation, more in detail these categories
are discussed in Analysis chapter, section 5.2. Furthermore, three code categories
Human_subsystem, Technology subsystem and Organizational subsystem counted failure
causes described by participants as underrepresented. The most underrepresented according to
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interviewees where organizational factors under Organizational subsystem category. The
possible organizational failure causes underrepresented in PFMEA were identified by codes as
poor shift management, work instruction quality, training quality, time management and work
conditions as shown in Appendix 2.

“I have rarely seen causes such as “‘missing instructions” or “insufficient training” explicitly
included in FMEA. However, during problem-solving processes, these factors are often
identified as root causes.” (Equipment Engineer).

Failure causes mentioned as underrepresented due to human nature had in total 14 code
frequencies under Human_subsystem code category. These factors contributing to failures were
described by codes are level of work experience, correct judgement, fatigue, loss of focus and
distractions. Technology subsystem code category has the least code frequency of just 5 code
references where only a few participants mentioned technological factors possibly still
underrepresented from PFMEA because there is always room for improvement.

There is a significant gap of technological factors being mentioned far less to be
underrepresented in PFMEA in comparison to human or organizational factors contributing to
failures. Even through participants got the same set of main questions, most of them believed
that technological factors were easier to represent as there was less room for variety and
interpretation.

“Technology-related failure causes are generally well captured. Equipment is an integral
part of the production process, and factors such as equipment condition, maintenance, and
system performance are consistently considered during risk analysis.” (Manufacturing
Quality Process Manager).

Furthermore, Sub-system_interactions code category is a key finding where interview
participants without knowing HTO concept implicitly mentioned examples of factor
interactions not included in PFMEA. These coding results as shown in Appendix 2 were
grouped in codes by interaction types derived from HTO concept. The most mentioned
interaction was between Human and Organization subsystem code with 10 references.
Mentions of Human and Technology subsystem interactions was significantly lower with only
three references identified, and mentions of all three subsystems of Human, Technology and
Organization subsystem interactions was also low with only four references.

“One major factor is weak standardized work. If operator instructions are not clear and
detailed, it is difficult to ensure that tasks are performed correctly.” (Lean Director).

PFMEA_future Improvement code category is the fourth most referenced by the participants.
The purpose of this category was to collect ideas represented by codes on what the future of
PFMEA could be if it is improved, the ideas collected were related to better linkage across
FMEA variants, standardization of PFMEA, specialized PFMEAs, adding new risk factors,
improving risk prioritization, involve experts and actively train for the PFMEA role, automated
PFMEA, proactive approach to PFMEA and applied continuous improvement to PFMEA.
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4.2 Findings from case company documentation analysis

To address RQ1 and RQ2, a documentary analysis was conducted on a selected sample of
closed 8D reports from the case company’s final assembly operations during 2025. Each case
was coded along two analytical dimensions. First, the dominant root cause was classified using
the Human—Technology—Organization (HTO) concept. Second, the relationship between the
identified root cause and the existing PFMEA content was categorized as Missing, Misaligned,
or Out of Scope. Missing refers to cases where no relevant PFMEA cause entry existed.
Misaligned refers to cases where a related PFMEA entry existed but did not accurately reflect
the actual mechanism identified during the investigation. Out of Scope refers to cases where
the root cause originated outside the responsibility area of the analyzed PFMEA process, such
as upstream or external operations.

4.2.1 Distribution of Actual Failure Causes

The analysis identified recurring root causes associated with all three HTO dimensions.
Technology-related causes represented the most commonly observed category across the
analysed reports. Human-related and Organization-related causes were also identified as
recurring contributing factors within the investigated cases. Figure 4.2 illustrates the overall
distribution of the identified HTO categories.
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Figure 4.2. Distribution of Root Causes by HTO Category — 8D Reports

The nature of these causes across dimensions are illustrated by representative examples from
the analyzed reports. Technology-related causes were typically associated with limitations in
control mechanisms, equipment conditions, or process design constraints that contributed to
failures independently of operator behavior. One representative case involved limitations in the
configured detection logic, which reduced the ability of the system to identify certain abnormal
assembly conditions. Another case involved equipment wear that contributed to process
variation during an automated production step, while existing risk assessment documentation
had not fully considered the associated operational condition.
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Human-related causes were commonly identified in cases where operator actions deviated from
the intended process, although the underlying conditions influencing those actions varied
considerably. In one case, additional manual intervention during an assembly activity
contributed to an unintended process outcome that was not subsequently identified by the
automated system. In another case, manual interaction with the production system altered the
normal execution sequence of a downstream process activity.

Organization-related causes were identified in cases where failures could be associated with
coordination challenges, unclear responsibility boundaries, or insufficient communication
across production activities. One representative case involved temporary operational changes
during a production transition period, where modified equipment configurations and changing
responsibilities contributed to increased process complexity. Another case involved an issue
originating in one production activity that was subsequently influenced by corrective actions
performed in another area without sufficient coordination between the functions involved.

4.2.2 Gap Between PFMEA Predictions and Actual Failure Causes

When comparing the root causes identified in the 8D investigations with the existing PFMEA
content, multiple cases were categorized as Missing, Misaligned, or Out of Scope. The findings
revealed that a considerable proportion of identified root causes were either not represented in
the PFMEA or were only partially reflected through generalized descriptions.

Missing cases typically involved operational conditions or process interactions that were not
explicitly addressed within the PFMEA documentation. Misaligned cases referred to situations
where a related PFMEA entry existed but described the failure cause at a highly generalized
level, while the 8D investigation identified more specific operational mechanisms or
contributing conditions. Out of Scope cases predominantly originated from upstream or
externally connected processes outside the defined PFMEA responsibility area.
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4.2.3 PFMEA Cause Descriptions Compared with Actual Root Causes

A further comparison was conducted between the available PFMEA cause descriptions linked
to the investigated complaint cases and the actual root causes identified through the 8D
investigations. The PFMEA cause descriptions were primarily oriented towards Technology-
related and Human-related risks, while Organization-related contributing factors were largely
absent from the documented PFMEA cause structures.

In contrast, the 8D investigations identified a broader distribution of contributing factors across
all three HTO dimensions. In particular, organizational conditions related to coordination,
communication, process management, and operational alignment emerged during reactive
investigations despite not being systematically represented within the original PFMEA
documentation. Figure 4.4 presents a comparative overview of PFMEA cause categories and
actual root cause distributions identified through the 8D analysis.
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5 Analysis

This chapter answers the three research questions in relation to theory, literature background
and findings. Firstly, and overview of the empirical findings is explained to draw a clearer
picture of the findings. Secondly, the following order of the chapters is structured by the three
research questions.

5.1 Overview of the Empirical Findings

The empirical data for this study were gathered through two complementary methods: semi-
structured interviews with ten practitioners and documentary analysis of closed 8D reports from
the case company's final assembly operations. Together, these sources answer research
questions both from experiential and documented perspectives on the discrepancies between
PFMEA predicted failure causes and actual failure causes observed in practice.

The interview findings indicate that FMEA variants are widely applied across product
development, and production. Participants described PFMEA as an established tool integrated
into both machining and assembly processes, with DFMEA providing severity values and other
fixed risk assessment inputs derived from customer requirements. PFMEA-related activities,
including problem solving, are typically conducted in cross-functional teams involving
Manufacturing Engineering, Quality Assurance, and Research and Development, with most
new failure causes identified reactively through the 8D method.

Despite this structured approach, notable differences in implementation and experience
emerged during interviews. The clearest contrast was between respondents with a machining
background and those with assembly background. This distinction was particularly informative,
as machining consists of largely automated and repetitive processes, while assembly involves
significantly more manual work and human interaction. A consistent pattern was noticed:
assembly processes were associated with more PFMEA shortcomings, and identifying failure
causes in this context was described as considerably more challenging than in machining.

The analysed reports show that contributing factors to failures identified during reactive
investigations frequently involved interactions between organizational routines, technological
conditions, and human adaptation during production activities, rather than single, independent
causes. This is also supported by interviews results. In many cases, the root causes identified
through 8D investigations were either absent from or only partially reflected in the existing
PFMEA documentation. Together, the interview and documentary findings suggest that
PFMEA predictions fail to fully reflect actual failure causes due to generalized cause
descriptions, insufficient representation of sociotechnical interactions, and operational
boundaries that do not adequately capture the complexity of interconnected production systems.
These patterns are explored in detail in the following sections.

It is important to note that when viewed at a general level, all participants recognized PFMEA
as a valuable tool for assessing risks in assembly. No fundamental objections to the method
were raised. The shortcomings discussed throughout this analysis therefore reflect issues that
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become visible only when PFMEA practices are examined in detail, several participants
acknowledged these challenges only when prompted to recall specific situations or when
situational examples were given where challenges could be identified implicitly.

5.2 Why do PFMEA potential failure cause predictions fail to reflect the actual
failure causes observed during assembly processes in the automotive
industry?

This chapter aims to answer the first research question of the degree project: Why do PFMEA
potential failure cause predictions fail to reflect the actual failure causes observed during
assembly processes in the automotive industry? This research question is answered by analysis
of the empirical data gathered via 10 interviews. The analysis began by reading notes taken
during interviews and summarizing transcripts to highlight ideas and look for patterns.
Additionally, analysis of 8D reports root causes findings suggests several underlying reasons
explaining why PFMEA predictions do not fully reflect actual operational failure causes.

After dedicative and inductive coding was applied, which helped identify new topics and
emphasize the most common discussion points. All interviewees had different levels of
experience with PFMEA and assembly, however, majority reached similar conclusions which
allowed to come up with coding categories and codes. By the 10" interview it can be said that
the saturation point was reached since the ideas began to repeat. Therefore, it can be said that
10 interviews were sufficient do conduct proper analysis.

The answer to the first research question is PFMEA shortcomings which explain the gap on
failure causes are not reflected within assembly. During interviews multiple reasons were
identified through coding. Table 5.1 shows code categories which represent six reasons derived
from interviews to why failure causes are not reflected in PFMEA which directly answers the
first research question. The first most obvious reason to why current failure causes might not
be reflects is that PFMEA documentation is just not updated or is incomplete from the
beginning. The second reason is the subjectivity in risk analysis, where users interpret ranking
differently, especially occurrence and detection values. The subjectivity could also stem from
the oversimplification of failure causes which is the next reason for why traditional PFMEA
does not reflect the complex reality of assembly process.

Table 5.1. Code categories answering RQOI.

Answers \ Code categories Meaning
1. Outdated _Incomplete PFMEA PFMEA is not treated as a living document which needs
B B to be continuously updated
2. Subjective risk analysis Inputs in PFMEA are interpreted differently by different
people working on PFMEA
3. Oversimplified causes and failures | Risks are written in a high-level and lack details
RQ1 4. Reactive use of PFMEA PFMEA is not treated as a proactive tool used to prevent
- T predicted failures
5. Resource and time constraints Time and resource constraints concern PFMEA
- ~ efficiency
6. Inconsistent FMEA documentation | Inconsistencies and lack of access across different FMEA
— — variants and documentation
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These reasons that make PFMEA task intensive and are limited by resource constrains result in
reactive approach to PFMEA, where documentation is completed or updated only to fill in
requirements not to predict failures and continuously improve. The last reason, although not
mentioned in previous literature, is the inconsistency between different documentations
connected to PFMEA, these inconsistencies influence the overall quality of PFMEA as some
values are borrowed from other FMEA variants or technical documentations.

An observation was made during the interviews where patterns showed that these reasons are
interconnected and influence each other possibly making it more difficult to identify the most
urgent improvement areas of PFMEAs. To illustrate this, Figure 5.1 shows the complex
interconnections between these reasons which were was observed during the interviews.
Resource and time constrain at first glance seem to be the source of the PFMEA shortcomings;
however, it cannot be solved easily as every company needs to allocate its resources carefully.

Resource and Inconsistent
time FMEA
constraints documentation

Reactive use
of PFMEA

Outdated and

Subjective risk Oversimplified

analysis failure causes Incomplete
PFMEA

Figure 5.1. Visualisation of the relationship among reasons to why failure causes are not reflected.
5.2.1 Outdated and Incomplete PFMEA

This code category represents one of the most obvious reasons to why PFMEA is not reflecting
the reality of failure causes, where PFMEA is not treated as a living document and therefore is
not updated or complete. Similarities can be drawn to the proposed maturity model of Banduka
et al. (2024), specifically to maturity level 2.0, where most parts of the PFMEA are manually
updated. Manual updates make it difficult to constantly keep the PFMEA as a living document.

"One of the main challenges is keeping the PFMEA “alive.” In practice, it is difficult to
continuously update the PFMEA with new information, especially after quality issues occur
or when process changes are made.” (Quality Assurance Specialist, R&D phase).
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The findings of the 8D reports support this observation, as contributing factors identified during
reactive investigations were either absent from the PFMEA documentation or only partially
reflected through generalized descriptions. Examples of such contributing factors included
organizational conditions such as insufficient communication of procedural changes across
shifts, unclear work instruction alignment between production stages, and inadequate follow-
up routines following process modifications.

Additional examples involved human-related conditions such as variability in operator
execution under changing production conditions, as well as technology-related factors
associated with detection system limitations under specific operational states. These examples
illustrate the types of sociotechnical conditions that emerged during reactive investigations but
were not systematically represented within the existing PFMEA structures. Although this gap
between reactive findings and proactive documentation may appear self-evident, it draws
attention to a persistent discrepancy between how PFMEA is intended to function in theory and
how it is applied in practice.

Overall, 28 codes were found across 10 interviews which made it the second biggest concern.
The most emphasized point was the difficulty to capture failure causes before the production is
launched, which was seen natural by most of interviewees as it is impossible to completely
capture all risks in the beginning to prevent failures. This difficulty to capture risks was
described the most in assembly processes.

“Assembly processes involve more manual work and human interaction, which introduces
variability. Compared to machining, which is highly automated and repetitive, assembly
processes are more complex and less predictable.” (Product & Process Engineer, Machining).

Interestingly, the differences in difficulty of capturing failure causes in machining and assembly
appeared multiple times in different interviews. Additionally, when new risks are found during
process, PFMEA is often not updated instantly. An Equipment Engineer observed that smaller
or quickly resolved issues are often not fed back into the PFMEA. A Shop Engineering Manager
estimated that new failure causes are identified in approximately 5% of problem-solving cases,
and that operator-related failure causes are likely more underrepresented. The Lean Director
noted that updates are often driven by Kaizen activities and problem-solving, while an
Equipment Engineer observed that PFMEA documents frequently contain outdated comments
and are not properly maintained.

5.2.2 Subjective Risk analysis

During interviews participants explained that failure causes are not only harder to identify in
human work activity, but also harder to quantify which leads to interpretation of ranking values
of Occurrence, Detection and Severity. Resulting in different interpretations of RPN value. It
being difficult to quantify human work activity failures, the quality of PFMEA heavily relies
on the skills and experiences. Whenever the topic of subjectivity came up during the interviews,
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respondents always mentioned the importance of the knowledge and experience when PFMEA
is conducted.

“Another limitation is that the quality of PFMEA depends heavily on the experience and
knowledge of the person responsible. Less experienced engineers may find it difficult to make
accurate judgments.” (Concept Product & Process Engineer, Assembly).

Subjectivity was the most highlighted issue in all interviews accounting in total 18% of all code
frequencies. This finding is consistent with the literature, where Spreafico et al. (2017) noted
that across industries subjectivity of FMEA users was the most serious FMEA applicability
problem. Participants consistently reported that ratings of ether Severity, Occurrence, or
Detection variables were frequently based on subjective judgment rather than objective data,
leading to inconsistencies. Similarly, Johnson & Khan (2003) surveyed 150 suppliers of
automotive industry where respondents expressed opinions on what rankings are the most prone
to subjectivity, occurrence values were seen as the most subjective depending on mainly on the
experience and knowledge of the user.

Severity: Respondents generally considered the most reliable, as it is often derived from Design
FMEA or customer requirements therefore there was not as much discussion on it as reflected
in the coding. However, a few participants stressed the ambiguity of Severity ranking in
defining the “customer,” whether it is the end-user or the next production stage (e.g., the car
plant), which affects severity assessment. Multiple participants describes that the meaning of
severity changes overtime which can also lead to different opinions. Nonetheless, majority of
participants considered severity to be the least subjective. Additionally, severity is more
connected to failure mode rather than the failure cause which is the focus of this thesis.

Occurrence: Consistently described as the most subjective and difficult to assess. A Quality
Assurance Specialist noted that two different manual operations may be assigned similar
occurrence ratings even if one is significantly more error prone. The Lean Director emphasized
that occurrence should be based on real data, not assumptions. Additionally, if taken into
consideration that initially it is difficult to identify all failure causes of manual work the picture
becomes even more blurry as it becomes harder to assign correct values.

Detection: Some participants reported that detection ratings are often unclear, particularly when
relying on visual inspections. An Equipment Engineer noted that it is challenging to match real-
world quality assurance methods to the predefined ranking scales. A Quality Manager
highlighted that oversimplifying failure modes (e.g., grouping “bent pin” and “broken pin” as
“damaged terminal”) leads to detection ratings that do not cover all scenarios. However,
Product & Process Engineer argued that Detection value sufficiently reflects manual work by
simply having a higher score, meaning, harder to detect.

As aresult, the Risk Priority Number (RPN) is not consistently perceived as a reliable indicator
for prioritizing risks. To mitigate this, participants reported relying on experience and cross
functional teams during problem solving rather than strictly following calculated values to make
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assessments. Therefore, the analysis of PFMEA highly relies on experience and knowledge of
the team.

Rankings and their interpretations are just part of the subjective risk analysis issue. During the
interviews some of the respondents reviled initial inputs in the PFMEA are often based on
assumptions rather than data, especially within assembly processes where there is a lot of
human work activity.

“Another important aspect is that PFMEA is typically created before production starts, based
on assumptions, drawings, and previous experience. At that stage, it is difficult to accurately
predict all potential issues.” (Equipment Engineer).

5.2.3 Oversimplification of causes and failures

When the challenge of initially detecting all failure causes combined with subjective risk
analysis, this next point becomes quite clear. The most common oversimplification related to
failure causes mentioned by multiple interviewees was that the failure cause of human work
activity failure was simply written as “operator error or mistake”. This generalization
contradicts Leva et al. (2023) findings, where human failure was due to mismatch of task
requirements and operator abilities rather than individual mistake. This indicates that
oversimplification of “operator mistake” does not represent work environment fully which
could lead to missed failure causes in PFMEA. Although, majority of participants agreed that
failure causes, especially within assembly processes, are oversimplified, not everyone saw it
negatively. Some participants described that this broad category recognizes the variation and
overall complexity of human sub-system which is difficult to quantify.

“In many cases, PFMEA simply lists “operator error” as a failure cause. However, this is a
very general description and does not capture the underlying factors such as training, fatigue,
or experience.” (Equipment Engineer).

“The most common failure cause is typically categorized as “operator mistake.” This is a
broad category that covers various types of human errors.” (Concept Product & Process
Engineer, Assembly).

To add firstly, the findings of 8D reports indicate that PFMEA descriptions are often
generalized and static in nature. Factors contributing to failures were represented through broad
descriptions did not sufficiently reflect the operational complexity of the actual situations
discussed in the interviews.

Secondly, the findings of 8D reports indicate that complex sociotechnical interactions are
frequently simplified into isolated technical failures or generalized human-related deviations.
This observation aligns with Spreafico et al. (2017), who identified subjectivity and limitations
in root cause identification as recurring weaknesses within traditional FMEA applications.
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During the interviews it was understood that there have been previous discussions within the
company on this topic. Some saw that detailing human sub-system causes might improve the
use of PFMEA for assembly processes, however, some expressed concerns about complicating
PFMEA which could slow down the updates and require more resources. This discussion can
be related back to the literature where Spreafico et al. (2017) concluded that one of the PFMEA
shortcomings is the struggle on modelling sufficient level of detailed cause and effects chains.

Oversimplification of human sub-system failure causes also is supported by literature that this
perspective is accepted within industries. For example, when Abdullah and Faieza (2014)
conducted PFMEA of an assembly, 75% of failures were identified due to human behaviours.
Referencing to Human sub-system, Soguilon (2009) concluded that “human errors” in
engineering processes, such as “operator mistake” in production, are rarely analysed for risks.
And in their study showed that often these Human sub-system issues often originated from
deeper factors which are overlooked in risk assessment.

5.2.4 Reactive use of PFMEA

The interview findings show that PFMEA is linked to continuous improvement practices such
as Lean and Kaizen, as well as structured problem-solving methods such as 8D. In practice,
PFMEA updates are often triggered reactively by issues identified through these processes.
PFMEA can be potentially viewed as a decision-making tool, however, it might not be the case
in practice. Under this code category multiple respondents mentioned that PFMEA is often
completed just to fill in requirements and updated after new failures occur. But believe that
there is still potential of PFMEA becoming more meaningful in practice. Multiple interviewees
demonstrated the awareness of PFMEA not being used proactively.

“Another issue is that PFMEA is sometimes completed just to fulfil requirements, rather than
being actively used as a decision-making and improvement tool.” (Equipment Engineer).

The findings of the 8D reports indicate that the practical scope of PFMEA is operationally
bounded. Several contributing factors identified during the investigations originated outside the
direct responsibility area covered by the analysed PFMEA structures. Examples of such out-of-
scope conditions included upstream process deviations introduced prior to the assembly stage,
incoming material or component conditions originating from supplier operations, and cross-
functional coordination gaps between separate production areas that collectively influenced the
final assembly outcome.

These examples reflect conditions that, while not formally within the boundaries of the analysed
PFMEA, nevertheless contributed to failures observed during final assembly operations.
Despite being outside the formal PFMEA scope, these conditions still influenced final
operational outcomes and process reliability.

This finding supports the problem identified by Johnson & Khan (2003), where suppliers within
automotive industry struggled to use PFMEA as it is intended with the purpose of being a
preventive tool. Timing of PFMEA updates indicates that risks are often formally addressed
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after they have materialized. Furthermore, concerns during the interviews were voiced
regarding the decision-making process of prioritization of risks.

“As a result, there is a risk of focusing on issues that appear critical numerically but are not
significant in practice. It is important to ensure that attention is directed toward real,
impactful risks.” (Concept Product & Process Engineer, Assembly).

The prioritization in traditional PFMEA of failures is mainly based on RPN values which are
affected by the subjectivity and therefore raises questions of the tool's limitation to
proactiveness in general. Similarly, Komatina and Marinkovi¢ et al. (2025) noted that the
approach of PFMEA in automotive industry has its limits on accurately recommending the
prioritization of implemented activities which address the failure causes.

“One key limitation relates to how risks are evaluated. Sometimes, certain failure modes are
unlikely to occur but still receive relatively high-Risk Priority Number (RPN) values.”
(Quality Assurance Specialist, Production phase).

5.2.5 Resource and time constraints

Development of PFMEA and problem solving for when possible PFMEA updates are required
was described as a complex process which requires cross functional teams and significant
amount of time. All the previously mentioned reasons lead back to this code category which is
the actual limitation of PFMEA used in a way that it reflects reality in the most accurate way
possible.

“PFMEA is time-consuming and resource-intensive, which makes it susceptible to being
deprioritized in practice.” (Manufacturing Quality Process Manager).

Bergman et al. (2022) also noted that in general conducting FMEA is an intense task. And to
add more specifically, Spreafico et al. (2017) in their findings identified that FMEA being time-
consuming is the second most serious shortcoming. The issue of PFMEA being time-consuming
when new updated are required was mentioned multiple times across interviews.

“From experience, complex quality issues often require long investigations to identify the root
cause.” (Equipment Engineer).

5.2.6 Inconsistent documentation

Additional reason to why PFMEA is not reflecting failure causes accurately could be due to the
inconsistencies of documentation across FMEA variants and technical documentation. Possibly
this is very specific to this case company as not all companies are trying to align FMEA
documentation. This explains the lack of literature on this topic. During interviews, it was clear
that the case company have created a method for maintaining the alignment across development
stages and thus FMEA variants. This is important because PFMEA adopts certain values from
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DFMEA. This reflects the “methods integration” shortcoming identified by Spreafico et al.
(2017), who note that lack of integration across documentation weaken FMEA reliability.

“If something is missing in the DFMEA, it is very likely to be missing in the PFMEA as well.
This “red thread” between them is very clear. When gaps are later discovered in PFMEA, it
becomes difficult to determine how to interpret severity and other rankings if the issue was
not originally captured in DFMEA.” (Quality Manager, Customer Satisfaction).

5.3 What human, technological, and organizational failure causes influencing
automotive industry assembly processes are not currently captured in
PFMEA assessments?

This section analyses the 8D report findings presented in Section 4.2 by connecting them to the
theoretical framework and the interview findings to address the second research question: What
human, technological, and organizational failure causes influencing automotive industry
assembly processes are not currently captured in PFMEA assessments? The analysis applies
the Human-Technology-Organization (HTO) concept together with the sociotechnical systems
perspective to examine how actual production failures relate to the limitations of existing
PFMEA practices.

5.3.1 Absence of subsystem interaction

8D report analysis suggests that failure causes identified were often due to Human,
Organization and Technology subsystem interactions rather than just one singular cause
simplified as “operator mistake” or similar wording. Several of these human-related failure
causes were frequently associated with broader system conditions rather than isolated
individual actions during problem-solving. In several situations, the identified causes were
connected to unclear routines, coordination challenges, work instruction quality, recovery
behaviour, communication limitations, technological system conditions or operational
adaptation under changing production conditions.

This was implicitly also found during interviews when participants described failure causes,
often stressing the difficulty of identifying just one failure cause. 17 instances of subsystem
interactions were mentioned, where majority of examples were about Human and Organization
subsystem interactions, some examples also included Human and Technology subsystem
interaction or all three subsystem interactions as described by Berglund et al. (2020).

“For example, if we consider human-related factors, we often categorize them broadly as

“operator failure.” In practice, this means the company needs to ensure that operators are

given the right conditions to perform well, such as proper training, clear instructions, and
sufficient time.” (Equipment Engineer).

“New technologies are often assumed to be highly reliable from the beginning, but in reality,
they may introduce new risks due to interactions with other processes or human factors.”
(Lean Director).
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This pattern aligns with (Leva et al., 2023) findings where failures were found to emerge due
to mismatch of human capabilities and the task. Further, it also aligns with the sociotechnical
systems perspective described by Landau (1995), who argued that failures in complex systems
emerge through interactions between social and technical system components rather than
through isolated technical deviations alone. Additionally, this aligns with Similarly, the HTO
concept presented by Berglund et al. (2020) emphasizes that human performance and
operational outcomes are shaped through interactions between Human, Technology, and
Organisation subsystems.

The findings also support Soguilon’s (2009) argument that so-called “human errors” are often
symptoms of deeper organizational and system-related conditions rather than isolated
individual mistakes. As well ass Leva et al. (2023) conclusions that failures occur in assembly
because of human and task misalignment, not because of individual mistake. However,
interview and 8D report findings revealed that PFMEA has limitations of capturing such
subsystem interactions. From an HTO perspective, the findings therefore suggest that current
PFMEA practices tend to separate Human, Technology, and Organisation dimensions instead
of analysing their interaction effects as interconnected sociotechnical conditions.

5.3.2 Overlooked Human, Technological, and Organisational failure causes

The analysis of the 8D report investigations through the perspective of HTO concept provides
insight into which types of contributing factors to failures are insufficiently represented within
the analysed PFMEA structures and strengthen the patterns identified in the interview findings
presented in Section 4.2. The findings of underrepresented failure causes can be grouped into
Human, Organization and Technology subsystems Berglund et al. (2020). Interviews and
documentation analysis both showed that Organization subsystem was the least represented in
PFMEA documentation, and Human subsystem often simplified into generalized “operator
error” descriptions while Technology subsystem was the most represented in PFMEA
documentation.

Organizational contributing factors identified during reactive investigations with problem
solving were largely absent from the analysed PFMEA structures. The findings of 8D reports
indicate that conditions related to coordination, communication, process ownership,
prioritization, operational follow-up, and alignment between documented procedures and
practical work conditions were rarely represented explicitly in PFMEA documentation despite
influencing operational outcomes such as failures during the investigated cases. Organizational
factors were also described by interviewees to be often not included in PFMEA, examples
include work instruction quality, training quality, shift management and work conditions.
Similarly, Soguilon’s (2009) identified that management mistakes are often overlooked
although they significantly contribute to process mistakes.

Human related contributing factors were similarly represented in generalized forms in PFMEA
documentation which was also described during interviews. While “operator error” or “operator
mistake” is frequently listed as a failure cause, deeper factors of Human subsystem such as
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fatigue, stress, experience level, attention, and distractions are rarely, if ever, explicitly
captured. A Quality Assurance Specialist noted that the high variability between individuals
and from day to day makes it difficult to capture these factors.

Furthermore, findings of 8D report investigations suggest that the primary limitation does not
concern the absence of human factor consideration themselves, but rather how they are
conceptualized possibly due to risk assessment limitations. Human performance variability was
frequently reduced to simplified “operator error” descriptions, while the reactive investigations
identified broader system conditions influencing operator actions.

Technology related failure causes were strongly represented in both historical PFMEA and the
8D reports. However, the identified technology-related causes differed in character. The
PFMEA documentation primarily reflected traditional equipment or process-related failures,
while the reactive investigations identified more complex interactions involving automation
behaviour, process logic, detection functionality, and system integration. This also explains
why interview participants perceived technology as relatively well represented in PFMEA
while significant gaps still emerged during reactive investigations. The overlooked
technological factors were frequently associated with system interaction effects, automation
behaviour, process logic, detection functionality, and operational variability rather than
conventional equipment breakdowns. These findings indicate that current PFMEA practices
may insufficiently capture risks associated with increasingly integrated and intelligent
production systems.

Overall, the analysis indicates that the current PFMEA model captures only part of the
operational risk landscape identified through the reactive investigations. Organizational factors
remain underrepresented, technological risks are partially mischaracterized, and human-related
causes are frequently simplified. The findings therefore support the argument that broader
sociotechnical perspectives of work activities are necessary to improve proactive risk
identification within complex assembly operations.

5.4 How can the Human-Technology-Organization (HTO) concept be
integrated into PFMEA to support a more comprehensive identification and
prediction of potential failure causes within the automotive industry?

The analysis of RQ1 and RQ2 identified a significant gap between the failure causes predicted
in traditional PFMEA and the complex reality of failure causes during assembly operations. Six
interconnected PFMEA shortcomings were identified in relation to RQI1, while RQ2
demonstrated that organizational contributing factors are systematically absent from PFMEA
documentation, human-related causes are frequently reduced to generalized "operator error"
descriptions, and technology-related risks are only partially captured in terms of their actual
operational complexity. These findings establish the empirical basis for addressing RQ3, which
examines how the HTO concept can be integrated into PFMEA to support a more
comprehensive identification and prediction of potential failure causes.
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The proposed integration is not intended to replace the existing PFMEA methodology but to
extend it by embedding a sociotechnical systems perspective into its failure cause identification
and risk assessment activities. The following sections develop this integration across four
dimensions: expanding failure cause identification, capturing sociotechnical interactions,
strengthening cross-functional processes, and establishing continuous operational feedback
mechanisms.

5.4.1 Expanding failure cause identification via HTO

The analysis of both interview data and 8D reports consistently demonstrated that traditional
PFMEA practices describe failure causes at a generalized and often superficial level. As
identified in Section 5.2.3, the most common representation of human-related failure causes
was the broad category of "operator error" or "operator mistake", which several interview
participants acknowledged as insufficient for capturing the underlying mechanisms of actual
failures. The 8D report analysis further confirmed that organizational contributing factors were
largely absent from the corresponding PFMEA documentation, despite being identified as root
causes during reactive investigations.

Integrating the HTO concept into PFMEA provides a structured analytical framework for
expanding failure cause identification across three explicit subsystems. From a Human
subsystem perspective, causes such as fatigue, experience level, cognitive load, workload
variability, and sensitivity to distractions all mentioned by interview participants as relevant yet
uncaptured, would be systematically considered during PFMEA activities. This approach is
consistent with Berglund et al. (2020), who argue that human performance must be understood
within the broader work system rather than as an isolated behavioural variable, and with
Abdullah and Faieza (2014), who found that most assembly-related failures were associated
with human work activity.

From a Technology subsystem perspective, the 8D analysis revealed that the technology-related
causes identified reactively differed significantly in character from those documented
proactively in PFMEA. While PFMEA tended to capture conventional equipment or process-
related failures, reactive investigations identified more complex factors involving automation
behaviour, process logic, detection system functionality, interface usability, and system
integration effects. Incorporating these technology dimensions into PFMEA cause
identification would better reflect the operational realities of modern automated assembly
environments.

From an organization subsystem perspective, the findings indicate the most significant gap in
current PFMEA practices. Conditions related to communication routines, work instruction
quality, shift management, training adequacy, process ownership, and coordination across
production stages were consistently identified as contributing factors during 8D investigations
yet were systematically absent from the analysed PFMEA structures. As noted by Soguilon
(2009), management-related failure causes typically receive the least analytical attention
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despite having the greatest practical impact on operational outcomes. Integrating organizational
causes explicitly into PFMEA would directly address this imbalance.

By structuring failure cause identification across all three HTO subsystems, the proposed HTO-
PFMEA approach supports a broader and more realistic representation of the factors shaping
assembly process reliability as it allows to identify multiple different causes of the same failure.

5.4.2 Capturing Sociotechnical Interactions in PFMEA Cause Analysis

One of the most consequential limitations identified in the empirical findings is not merely the
absence of individual HTO subsystems, but the absence of subsystem interaction which occurs
simultaneously. Traditional PFMEA applies a predominantly linear cause-and-effect logic, in
which individual failure causes are connected directly to specific failure modes. However, the
analysis of 8D reports demonstrated that actual assembly failures are frequently shaped by
combinations of conditions spanning multiple HTO dimensions simultaneously.

For example, several 8D cases reflected situations where operator deviations during assembly
were traceable not to individual mistake but to a convergence of unclear work instructions
(Organization), detection system limitations that provided insufficient feedback (Technology),
and accumulated fatigue under high production demands (Human). Treating these as isolated,
independent failure causes as traditional PFMEA tends to do, would misrepresent the actual
mechanism of failure and lead to corrective actions that address risks partially.

This pattern aligns with the sociotechnical systems perspective articulated by Landau (1995),
who argued that system failures emerge through the interaction between social and technical
subsystems rather than through single isolated components. Berglund et al. (2020) similarly
emphasize that a full understanding of work activity requires analysing both the individual
subsystems and their interactions, with work activity itself residing at the intersection of Human,
Technology, and Organization.

Integrating HTO into PFMEA therefore requires expanding failure cause analysis beyond
isolated categorical identification toward an interaction-oriented risk assessment logic. In
practice, this means that PFMEA teams should be guided not only to ask what caused a failure
within each HTO subsystem, but also how and what subsystem interactions produced the failure.
This interaction perspective may substantially improve the predictive capability of PFMEA by
enabling a more realistic representation of the sociotechnical complexity inherent in assembly
environments.

5.4.3 Embedding the Organisational Dimension into PFMEA Process
Structure

The empirical findings consistently demonstrated that the quality and comprehensiveness of
PFMEA documentation is heavily dependent on the team’s operational knowledge of the work
activities. Within the HTO concept, the Organization subsystem encompasses not only formal
roles and responsibilities but also the communication norms, coordination mechanisms, and
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knowledge-sharing routines through which work is actually conducted (Berglund et al., 2020).
Integrating this dimension into PFMEA therefore requires reconsidering not merely who
participates, but how the PFMEA process itself is structurally designed to capture
organizational knowledge.

The interview findings revealed a persistent gap between the formal cross-functional structure
of PFMEA teams and the actual incorporation of operational knowledge into risk
documentation. Although participants generally described their organizations as cross-
functionally organized, the empirical evidence indicates that operator-level knowledge remains
systematically underrepresented in PFMEA documentation. The Shop Engineering Manager
estimated that operator-related failure causes are among the most underrepresented in current
risk assessments, while the Equipment Engineer observed that smaller or quickly resolved
issues frequently fail to be fed back into PFMEA documentation. This suggests that the
limitation is not primarily one of team composition, but of structural mechanisms for knowledge
transfer within the PFMEA process itself.

From an HTO perspective, this gap reflects a misalignment between the Organization
subsystem as it exists in practice and the formal PFMEA process as it is designed. The
Organization subsystem shapes work activity through both written rules and informal practices
(Berglund et al., 2020); however, traditional PFMEA structures do not provide formal channels
through which these informal operational realities can systematically enter risk documentation.
As a result, the organizational conditions most likely to influence assembly process reliability,
including shift-level communication routines, informal workarounds, and operator adaptations
under varying production conditions, remain outside the analytical scope of conventional
PFMEA.

Integrating the HTO concept into PFMEA therefore requires embedding structured
organizational input mechanisms as a formal component of the PFMEA process. In practice,
this means designing PFMEA revision cycles to include defined input points for operational
feedback, establishing structured channels through which production-level observations can be
formally routed into risk documentation, and ensuring that PFMEA activities are not confined
to engineering and quality functions alone. This is consistent with Johnson and Khan (2003),
whose survey identified team aspects as the highest-ranked factor for successful PFMEA
implementation, and with Komatina and Marinkovi¢ (2025), who demonstrated that effective
PFMEA depends on systematically incorporating interdisciplinary competencies into the
process structure. The proposed HTO-PFMEA framework therefore treats cross-functional
input not as an organizational preference but as a structural requirement of the Organization
dimension of risk assessment.

5.4.4 Establishing Continuous Operational Feedback Mechanisms

A further dimension of the proposed HTO-PFMEA integration concerns the temporal
relationship between PFMEA documentation and operational experience. The findings from
both interviews and 8D report analysis consistently demonstrated that PFMEA updates are
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primarily reactive, triggered by quality deviations, customer complaints, or corrective actions
identified after failures have already occurred. As one Quality Assurance Specialist noted,
keeping PFMEA "alive" through continuous updating is one of the most persistent practical
challenges in the case company. The 8D reports analysis supported this observation: in a
considerable proportion of the investigated cases, root causes identified during reactive
investigations were either absent from or only partially reflected in the existing PFMEA
documentation at the time of the failure.

This reactive temporal pattern directly limits the preventive function that PFMEA is
theoretically intended to fulfil. From a sociotechnical systems perspective, this limitation is
structurally expected when PFMEA is conceived as a static document rather than a dynamic
system component. As Landau (1995) describes, sociotechnical systems are inherently dynamic,
characterized by continuous interaction, adaptation, and evolution in response to changing
technological, organizational, and human conditions. A risk assessment methodology that is
updated only in response to confirmed failures cannot adequately anticipate the emergent risks
produced by this ongoing system evolution.

Integrating HTO into PFMEA therefore requires establishing structured mechanisms for the
continuous incorporation of operational feedback. Based on the empirical findings, relevant
feedback sources include closed 8D reports and their identified root causes, production
deviation records, operator experiences and observations captured through structured channels,
results from continuous improvement activities such as Kaizen, and incoming quality data from
customers and suppliers. By systematically routing this information into PFMEA revision
cycles, the HTO-PFMEA approach would support a transition from a documentation-oriented
quality artifact toward a dynamic, intelligence-driven risk assessment process.

This shift would also directly address the outdated and incomplete PFMEA shortcoming
identified in Section 5.2.1 as one of the six primary reasons for the gap between predicted and
actual failure causes. Rather than treating PFMEA updating as an exceptional event triggered
by failures, the proposed approach would normalize continuous revision as an organizational
routine embedded within quality management practice.

5.4.5 Proposed HTO-PFMEA Conceptual Framework

Building upon the four dimensions of integration developed in Sections 5.4.1 through 5.4.4 and
grounded in both the empirical findings of this study and the reviewed theoretical literature,
this section presents the conceptual structure of the proposed HTO-PFMEA framework. Table
5.2 shows the proposed extended HTO-PFMEA conceptual framework where the parts of the
red rectangle are newly added to the traditional PFMEA. For this proposed version the potential
there exists multiple failure causes under one failure and effects, evaluated with different
occurrence and therefore resulting in RPN values from the corresponding each subsystem.
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Table 5.2. Proposed conceptual framework of HTO-PFMEA: [llustrating how Human, Technology, and
Organization can be identified in one failure.

Potential

. . o
Failure Potential g, Potential Cause g g
< < o
Mode Effe(;t(s) e o e
o < Human Technology | Organization H )
Failure @
causet Xo1 XrPN1
Failure | Effect Xs cause? Xo2 Xb | Xrenz
cause3 Xos XRrPN3

Table 5.3 illustrates a hypothetical example with a simple loose bolt scenario of the proposed
HTO-PFMEA framework for better understanding possible applications. The value scoring
methodology for the proposed cause categories is still an open question which could be explored
more in detail in future research.

Table 5.3. Hypothetical example of conceptual HTO-PFMEA framework.

Potential

. Potential Potential Cause
Failure o
4 ] &
Mode Effect(s) s g ®
of = Technolo Organization | S 5
< gy g § g
Failure
Torque-gun
signal 4 140
misinterpreted
Loose Component 7 ;g;ﬁle tool 5
bolt vibration 3 105

communication
with controller

unclear

; , 5 175
instructions

The framework rests on three foundational principles derived from the analysis. First, failure
causes in assembly processes are not isolated technical events but emergent conditions arising
from the interaction of Human, Technology, and Organization subsystems. Second, risk
assessment quality is inherently dependent on the breadth and continuity of participation across
organizational functions, particularly those with direct operational knowledge. Third, PFMEA
must function as a continuously updated, living process rather than a static documentation, if it
is to maintain relevance to the dynamic sociotechnical realities of complex assembly
environments.
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Structurally, the HTO-PFMEA framework extends the traditional PFMEA cause identification
step by introducing an explicit three-dimensional cause analysis structure. For each identified
failure mode, potential causes are systematically examined across the Human, Technology, and
Organization subsystems individually, and subsequently across their pairwise and tripartite
interactions. This structure operationalizes the sociotechnical interaction logic described in
Section 5.4.2 and directly addresses the oversimplification of failure causes identified as a key
PFMEA shortcoming in Section 5.2.3.

The framework further embeds structured organizational input mechanisms as a formal process

requirement, ensuring that operational knowledge from assembly, quality assurance, and

manufacturing functions is systematically incorporated into PFMEA revision cycles rather than

left to ad hoc participation. This requirement is grounded in the organizational dimension of
HTO and responds directly to the team aspect limitations identified by Johnson and Khan (2003)
and Komatina and Marinkovi¢ (2025).

Finally, the framework incorporates a continuous feedback loop connecting operational data
sources, including 8D reports, production deviations, operator observations, and improvement
activities to structured PFMEA revision cycles. This mechanism addresses the reactive PFMEA
pattern identified in Section 5.2.4 and supports the dynamic, adaptive risk assessment
orientation advocated by sociotechnical systems theory (Landau, 1995).

It i1s important to acknowledge that the proposed HTO-PFMEA framework is conceptual in
nature. As stated in the scope and delimitations of this study, the framework has not been
empirically tested or implemented within live manufacturing operations. Its contribution lies in
providing a theoretically grounded and empirically informed conceptual structure that may
guide future methodological development and applied research in PFMEA practice.
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6 Discussion

This chapter discusses the findings of the study in relation to the research purpose and the
reviewed theoretical framework. The chapter is structured into four sections: an overall
discussion of the empirical findings in relation to the three research questions, followed by a
discussion of the theoretical implications, practical implications, and methodological
limitations of the study.

6.1 Overall Discussion

The purpose of this study was to investigate the sociotechnical gap between predicted and actual
failure causes in traditional PFMEA within the automotive industry by exploring how the
Human-Technology-Organization (HTO) concept can support a more comprehensive
identification and prediction of potential failure causes. The empirical findings, drawn from ten
semi-structured interviews and a documentary analysis of closed 8D reports, collectively
indicate that traditional PFMEA approaches remain strongly oriented toward technical process
deviations while providing limited visibility of the broader sociotechnical conditions shaping
operational performance.

Addressing RQ1, the analysis identified six interconnected reasons explaining why PFMEA
predictions fail to reflect actual failure causes in assembly practice: outdated and incomplete
documentation, subjective risk analysis, oversimplification of failure causes, reactive use of the
tool, resource and time constraints, and inconsistencies across FMEA variants and technical
documentation. These reasons were found to be mutually reinforcing rather than independent,
suggesting that PFMEA limitations cannot be adequately addressed through isolated
methodological fixes. This finding is consistent with previous research describing limitations
related to subjectivity, oversimplification, and insufficient representation of complex
operational conditions within PFMEA methodologies (Spreafico et al., 2017; Liu et al., 2013)
and further extends these findings by demonstrating their interconnected nature within an
assembly context.

Addressing RQ2, the analysis of both interview data and 8D reports demonstrated a systematic
imbalance in how failure causes are currently captured across the three HTO subsystems.
Technology-related causes were comparatively well represented in PFMEA documentation,
though the reactive investigations revealed that the actual character of technology-related
failures, involving automation behaviour, detection system functionality, and system
integration effects, was often more complex than the proactive documentation suggested.

Human-related causes were frequently reduced to generalized "operator error" descriptions,
obscuring the broader workload, experiential, and attentional conditions influencing operator
performance. Organizational causes represented the most significant gap: factors such as
communication routines, work instruction quality, shift management, training adequacy, and
coordination across production stages were consistently identified as root causes during 8D
investigations yet were largely absent from the corresponding PFMEA structures. The 8D
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report findings further revealed that approximately 39% of investigated cases involved causes
classified as Missing from the PFMEA, 23% as Misaligned, and 38% as Out of Scope,
indicating that the coverage gap is both substantial and multidimensional.

A further central finding concerns the interaction between HTO subsystems. The empirical
findings demonstrate that assembly failures frequently emerge not from single isolated causes
but from combinations of human, technological, and organizational conditions acting
simultaneously. Several 8D cases reflected situations where operator deviations were traceable
to a convergence of unclear instructions, detection system limitations, and accumulated fatigue,
conditions belonging to the Organization, Technology, and Human dimensions respectively.
Traditional PFMEA's predominantly linear cause-and-effect logic does not provide a systematic
mechanism for capturing these interaction effects, which represents a structurally important
limitation beyond those typically discussed in the existing literature. This observation aligns
with Berglund et al. (2020), who argued that work performance emerges through the interaction
between social and technical subsystems, and with Landau (1995), who described
sociotechnical systems as inherently dynamic and interaction dependent.

The findings also confirm the reactive temporal pattern of current PFMEA practices. Several
interview participants described PFMEA updates as primarily triggered by quality deviations
or customer complaints after failures had already occurred, a pattern corroborated by the 8D
analysis where corrective actions and PFMEA revisions followed rather than preceded failure
identification. This limits the preventive function PFMEA is theoretically intended to fulfil and
further supports the argument that a more dynamic, continuously updated approach to risk
assessment is necessary.

Overall, the findings suggest that improving PFMEA effectiveness within complex automotive
assembly environments requires moving beyond isolated technical risk analysis toward a more
integrated sociotechnical perspective, where human, technological, and organizational
conditions, and their interactions are systematically incorporated into failure cause
identification and risk assessment activities.

6.2 Theoretical implications

This study contributes to existing PFMEA research by extending the discussion beyond
traditional methodological optimization toward a broader sociotechnical perspective. While
existing literature has primarily focused on improving risk prioritization methods, reducing
subjectivity within RPN calculations, and optimizing technical assessment procedures (Liu et
al., 2013; Spreafico et al., 2017), the findings suggest that limitations within PFMEA are not
only methodological but also conceptual, rooted in the predominantly technical framing of
failure cause identification. Four theoretical contributions are advanced. First, the study
provides empirical evidence that organizational causes represent the most systematically
overlooked dimension in current PFMEA practice, specifying the types of organizational
conditions absent from PFMEA documentation despite being identified as root causes during
reactive investigations, thereby concretizing the organizational dimension of the HTO-PFMEA
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gap beyond what has previously been established (Johnson & Khan, 2003; Komatina &
Marinkovi¢, 2025). Second, the 8D report analysis demonstrates that assembly failures
frequently emerge from the simultaneous interaction of conditions across Human, Technology,
and Organization dimensions, extending sociotechnical systems theory by providing empirical
grounding for interaction-based failure generation in a specific manufacturing context (Landau,
1995; Berglund et al., 2020). Third, the study supports and extends Soguilon's (2009) argument
that operational human errors frequently originate from deeper organizational conditions,
contributing to research advocating a shift from "human error" toward "human and system
performance variability" as the appropriate frame for risk assessment (Zarei et al., 2023).
Finally, the proposed HTO-PFMEA framework introduces a conceptual structure for
integrating all three dimensions and their interactions into failure cause identification,
extending traditional static PFMEA toward a more dynamic understanding of preventive risk
management, pending future empirical validation.

6.3 Practical implications

The findings of this study provide several practical implications for organizations applying
PFMEA within automotive assembly environments. First, organizations should structurally
expand failure cause identification beyond purely technical process analysis. The proposed
conceptual HTO-PFMEA framework offers a practical starting point by introducing a three-
dimensional cause analysis structure. Through which potential causes are systematically
examined across Human, Technology, and Organization subsystems their interactions
(Berglund et al., 2020).

Second, organizations should reconsider the use of generalized categories such as "operator
error," as the empirical evidence demonstrates that operator deviations are frequently symptoms
of deeper organizational conditions including inadequate training, unclear work instructions, or
communication gaps, which cannot be resolved through corrective actions targeting individual
behaviour alone. Third, cross-functional participation should be institutionalized as a structural
feature of the PFMEA process, not only during initial development but also during revision
activities, requiring the design of formal input channels through which operational knowledge
from assembly operators, quality specialists, and lean practitioners can be systematically
captured.

Fourth, stronger integration should be established between PFMEA and operational feedback
systems, including 8D reports, deviation records, and continuous improvement activities, to
support a transition from reactive documentation toward a continuously evolving risk
assessment process. Finally, as production systems become increasingly automated and
interconnected under Industry 4.0 conditions, organizations should anticipate the need to evolve
their PFMEA practices to incorporate broader technological system perspectives, including
automation behaviour, process logic, and human-technology interaction, into routine risk
assessment activities.
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6.4 Methods limitations

Several limitations should be considered when interpreting the findings of this study. First, the
study was conducted as a qualitative single case study within one automotive manufacturing
context. Consequently, the findings are context-specific and cannot be statistically generalized
to all automotive organizations or manufacturing environments. However, the purpose of the
study was explicitly exploratory rather than generalizable. The aim was to generate conceptual
insights into PFMEA limitations and sociotechnical risk factors within a specific industrial
setting. The detailed organizational context provided may nonetheless support analytical
transferability to similar automotive assembly environments (Baxter & Jack, 2008).

Second, the empirical findings rely primarily on semi-structured interview data and
documentary analysis of 8D reports. Interview data are inherently influenced by participant
perceptions, interpretations, and potential recall bias. Although two researchers independently
coded the interview transcripts and triangulation across interview and documentary data sources
was applied to strengthen credibility, subjective interpretation remains an inherent limitation
within qualitative research designs.

Third, limitations related to confidentiality and industrial data access influenced the level of
operational detail included in the analysis. Specific process identifiers, quantitative defect data,
and certain company documentation could not be fully disclosed due to organizational
confidentiality requirements. While this was necessary to maintain access to the research site,
it may have reduced the level of technical specificity achievable within certain analytical
sections.

Fourth, the 8D report sample was limited to cases associated with the highest Parts Per Million
contributors from a single fiscal year, selected to maximize informational value. While this
criterion-based sampling approach is consistent with the exploratory purpose of the study
(Flyvbjerg, 2006), it means that the 8D findings reflect a specific subset of quality challenges
rather than the full range of failure types occurring within the organization.

Finally, the proposed HTO-PFMEA framework remains conceptual and was not systematically
applied to or validated against the empirical cases collected in this study, nor has it been
implemented within operational production environments. Consequently, the practical
effectiveness, explanatory power, organizational feasibility, and resource requirements of the
framework remain to be established through future empirical research. Subsequent studies
could retrospectively apply the framework to existing PFMEA and failure cases, explore
implementation strategies, test the framework within live PFMEA processes, and conduct
comparative analyses across multiple manufacturing contexts and organizations.
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7 Concluding remarks

This is the final chapter of this degree project which summarizes conclusions of the findings
and research questions in relation to the initial purpose. Additionally, suggestions on future
research regarding the topic are suggested.

7.1 Conclusions

The purpose of this study was to investigate the sociotechnical gap between the observed failure
causes in assembly and the potential failure causes documented in traditional Process Failure
Mode and Effects Analysis (PFMEA) within the automotive industry context, and to bridge this
gap conceptually by extending PFMEA into an HTO-PFMEA framework that supports more
comprehensive failure cause identification in complex assembly environments.

The empirical findings confirm that the gap between PFMEA predictions and actual failure
causes is real, substantial, and multidimensional in nature. The documentary analysis of 8D
reports conducted in 2025 regarding failures in assembly revealed that approximately 39% of
investigated failure causes were entirely absent from the corresponding PFMEA
documentation, 23% were misaligned, and 38% originated outside the formal PFMEA scope.
This distribution demonstrates that the problem is not merely one of incomplete documentation
but reflects a structural limitation in how traditional PFMEA conceptualises the causes of
failure in sociotechnical work systems.

Six interconnected reasons were identified through interview analysis to explain why PFMEA
predictions fail to reflect the complexity of production, including failure causes: outdated and
incomplete documentation, subjective risk analysis, oversimplification of failure causes,
reactive use of the tool, resource and time constraints, and inconsistencies across FMEA
variants and related technical documentation. Critically, these reasons were found to be
mutually reinforcing rather than independent, suggesting that the gap cannot be closed by
addressing any single shortcoming in isolation.

The analysis further demonstrated that the sociotechnical perspective of assembly work activity
is systematically absent from traditional PFMEA structures. Organizational factors, including
communication routines, work instruction quality, shift management, training adequacy, and
cross-functional coordination represent the most underrepresented dimension of failure causes
in PFMEA documentation, despite being consistently identified as root causes during reactive
8D investigations. Human-related causes are frequently oversimplified as generic "operator
mistake" descriptions, which obscures the deeper workload, experiential, and attentional
conditions shaping operator performance. Technology-related causes, while comparatively
better represented, were found to capture only conventional equipment failures rather than the
more complex system integration, automation behaviour, and detection logic failures identified
reactively.

A further central finding is that assembly failures are frequently not the product of a single
isolated cause but emerge from the simultaneous interaction of conditions across Human,
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Technology, and Organization subsystems. Traditional PFMEA's linear cause-and-effect logic
does not provide a structural mechanism for capturing these interaction effects, which
represents a conceptually important limitation beyond those typically discussed in the existing
literature.

Drawing on sociotechnical systems theory and the HTO concept, this study proposes a
conceptual HTO-PFMEA framework as its primary contribution. The framework reorganises
failure cause identification along three explicit analytical axes Human, Technology, and
Organization and, critically, also captures their pairwise and tripartite interactions as distinct
analytical objects. This structure directly addresses the oversimplification of failure causes and
the absence of organisational and interaction-based contributors that characterise traditional
PFMEA. The framework further embeds structured organisational input mechanisms and
continuous operational feedback loops as formal process requirements, supporting a transition
from static, reactive documentation toward a living, dynamically updated risk assessment
instrument.

In doing so, this study contributes both to academic discussions on sociotechnical risk
assessment and to practical efforts to integrate systems thinking into quality management and
risk identification in automotive assembly. The proposed HTO-PFMEA framework offers a
theoretically grounded and empirically informed foundation for improving the predictive
accuracy and operational relevance of PFMEA in complex, human-centred production
environments.

7.2 Future research

Several directions for future research emerge from this study. Most immediately, the proposed
HTO-PFMEA framework requires empirical validation in live industrial environments. Future
studies could apply the framework during production process development and track its
predictive performance against a traditional PFMEA by monitoring subsequent 8D reports and
quality deviations over time. Such a longitudinal comparison would provide direct evidence of
whether the HTO-PFMEA approach improves the rate of proactive failure cause identification
and reduces the proportion of causes that emerge only reactively after production launch.

A second important direction concerns the integration of HTO cause variables into digital risk
assessment tools and digital twin simulation environments. As production systems become
increasingly automated and data-rich, embedding HTO-structured cause categories into
software-supported PFMEA platforms could substantially reduce the cognitive load on
engineering teams conducting the expanded analysis and standardize PFMEA method. Digital
twin simulations could further enable the modelling of sociotechnical interaction effects, such
as the combined influence of operator fatigue, detection system configuration, and work
instruction clarity before physical production begins, thereby strengthening the proactive
character of the risk assessment process.
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A third open question, which this study does not resolve, concerns the operationalisation of risk
scoring for organisational and human causes within the existing RPN logic. The current
Severity, Occurrence, and Detection scales were designed primarily for technical failure
probabilities and do not transfer straightforwardly to causes such as unclear instructions,
inadequate training routines, shift-level communication gaps, or operator fatigue. Future
research should investigate how these non-technical failure causes can be quantified or semi-
quantified in ways that are consistent, meaningful, and practically applicable within the PFMEA
assessment process.

Finally, future studies could extend the scope of this research by applying the HTO-PFMEA
framework across multiple organisations and production contexts within the automotive
industry and other industries, enabling comparative analysis of how sociotechnical gaps in
PFMEA vary with organisational maturity, degree of automation, and production complexity.
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Appendices

Appendix 1 Interview Questions.

Background and Role

Could you briefly describe your role in the company?

How are you involved in PFMEA activities?

Observed Limitations of PFMEA

What would you say are the main limitations of the PFMEA?

How accurately failure causes identified in PFMEA reflect the failures that actually
occur during assemblv processes?

Ranking Values in PFMEA

How do you perceive the reliability of the ranking values (severity, occurrence, and
detection) used in PFMEA assessments?

What factors do you think contribute to such discrepancies?

Failure Causes from Sociotechnical Systems Perspective

In your experience, how well does PFMEA capture human-related factors that may
contribute to failures (for exanple fatigue. experience. or training)?

How well does PFMEA capture technol ogy-related factors (such as equipment
conditions. tools. or technical system issues)?

How well does PFMEA capture organizational factors (for example quality of
instructions. comnmmication. or availability of detection points)?

Which failure causes do you think are the most difficult to capture in PFMEA, or may
currentl v be missing?

In your view, what would a more effective or improved PFMEA look like in practice?

Future Perspective

How do you envision the role of PFMEA evolving in the next 5—10 years? What new
purposes could it serve?
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Appendix 2 Coding results table of code categories, codes and code frequencies.

Specific codes N %
Subjective risk analysis 34 18%
Individual experience and judgment 9 5%
lack of full understanding of the design impact of which

severity value was derived 1 1%
lack of quantitative requirements 1 1%
Based on assumptions 4 2%
Different interpretations of ranking values 4 2%
Different interpretations of severity values 2 1%
Lack of standardization 1 1%
Different interpretations of detection values 3 2%
Assigning the same occurrence value 2 1%
Different interpretations of occurrence values 7 4%
Outdated Incomplete PFMEA 27 15%
Incomplete documentation 1 1%
Difficult to predict risks before production 1 1%
Difficult to continuously update 5 3%
Difficult to capture all failure causes before production 16 9%
Difficult to predict failures before production 3 2%
Not fully completed or properly finalized 1 1%
Oversimplified causes and failures 26 14%
"Operator mistake, failure or error" 10 5%
Oversimplified H sub-systems failure causes 13 7%
Oversimplified O sub-systems failure causes 2 1%
Oversimplified detection method descriptions 1 1%
PFMEA future Improvement 21 1%
Linkage across different FMEAs 2 1%
Standardization 2 1%
Specialized 2 1%
Include new risk factors 1 1%
improved risk prioritization solutions 1 1%
Involve experts 1 1%
Continuous improvement 2 1%
Proactive decision making 5 3%
Automated 4 2%
Trained PFMEA roles 1 1%
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Subsystem interactions

Human-Organization Interaction
Human-Technology Interaction
H,T,O interaction

Organizational _subsystem

Shift management

Work instruction quality
Training

Time management

Provided work condition quality

Human subsystem

Experience

Dependent on operator judgment

May miss defects due to fatigue

May miss defects due to loss of focus
Distractions which interrupt work activity

Resource and time constraints

Corssfunctional teams
Time-consuming
Resource-intensive

Lack of an integrated system

Reactive use of PFMEA

Completed just to fulfill requirements

Detection scale does not allow to reflect all detection
methods

Impact on daily work is limited

RPN value does not always represent prioratization
Failures appear critical numerically but are not
significant in practice

General occurrence values do not rcapture risks accurately

Inconsistent FMEA documentation

Consistency between the

PFMEA and other documentation, such as work
instructions

Lack of access to the design FMEA (DFMEA)
Alignment across different FMEA variations
Tracebility across different FMEA variations

Technology subsystem

Equipment condition
System performance
Malfunctioning controls

Grand Total
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