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SUMMARY

In the dynamic market of Original Equipment Manufacturers (OEMs), maintaining
customer satisfaction while attracting new business depends on the consistent
delivery of high-quality products. As OEMs rely on suppliers for critical components,
ensuring supplier compliance with specifications and performance expectations is
essential. To support this, industry-standard frameworks such as Advanced Product
Quality Planning (APQP) and the Production Part Approval Process (PPAP)
developed by Automotive Industry Action Group (AIAG), are used to guide
collaboration, reduce risk, and validate quality throughout the product development
lifecycle.

This thesis investigates how APQP and PPAP are applied at a global OEM and
identifies organizational and procedural challenges affecting their use. Using the
Capability Maturity Model Integration (CMMI) framework, the study assesses current
practices, identifies key gaps, and proposes targeted actions to improve process
maturity. The research is based on interviews with internal stakeholders across SQM,
R&D, procurement, logistics, and digital, supported by internal documentation and
key informants.

The findings highlight challenges such as fragmented task ownership, inconsistent
system usage, limited cross-functional involvement, and gaps in training and supplier
integration. To address these, the study outlines short- and long-term actions
including clearer role definitions, improved digital alignment, and formalized training
routines.

The thesis contributes to quality and operations management by demonstrating how
maturity models like CMMI can support structured improvement of APQP and PPAP
in complex, cross-functional environments.

Keywords: APQP, PPAP, CMMI, Organizational standardization, Quality planning, OEM case
study
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1. Introduction

This chapter serves as the introduction to this paper, giving a background for the
topic of analysis while presenting the purpose and research questions of the study.
Furthermore, the delimitations are defined.

1.1 Background

With worldwide competition and volatile customer demands, the survival of
companies depend on their ability to attract and satisfy customers (Ebrahimi &
Sadeghi, 2013; Weckenmann et al., 2015). Customer satisfaction is closely tied to
their perceived quality of a product or service, making a comprehensive quality
management system essential (Adam et al., 1997). However, quality is a
multidimensional concept, varying by context (Ebrahimi & Sadeghi, 2013; Hoyle,
2011). As stated by Ebrahimi & Sadeghi (2013), quality can be defined in terms such
as ‘conformance to requirements’ or ‘fitness to use’. According to Hoyle (2011, p.10),
a generally accepted definition per the Oxford English dictionary is that quality is “The
degree to which a set of inherent characteristics fulfil a need or expectation that is
stated, generally implied or obligatory.”

Hoyle (2011) further discusses the relation between supply chain management and
quality management (QM), stating that for each transaction within a supply chain, the
buyer needs to be satisfied. The interplay between supplier and buyer is related to
supplier quality management (SQM), which regards the quality-oriented collaboration
between the two actors (Salimian et al., 2020). Through a proactive approach, SQM
strives to ensure that suppliers can consistently deliver goods that are compliant with
the buyers’ requirements.

To collaboratively drive down cost and complexity in the supply chain, the Automotive
Industry Action Group (AIAG) was created in 1982 by the Big Three of the
automotive industry (General Motors, Stellantis/Chrysler and Ford Motor Company)
(AIAG, n.d.). The ‘Quality Core Tools’ are some of the key developments of the
group, and they include Advanced Product Quality Planning (APQP) and Production
Part Approval Process (PPAP). APQP and PPAP are two widely used SQM
processes in the automotive industry, which in combination guide the collaboration
between buyers and suppliers in component industrialization (Rocha & Salerno,
2014). APQP is a phase-driven, cross-functional approach for ensuring that new
products and components satisfy customer needs. From planning to production and
feedback, APQP strives to validate all products and components to prevent defects
and rework (AIAG, 2008; Rocha & Salerno, 2014). On the other hand, PPAP is a
process for validating the capability of suppliers to deliver on specification, serving as
a formal series-production sign off. Through PPAP, buyers can incentivize suppliers
to prove that their processes and products can perform as intended (AIAG, 2006;
Doshi & Desai, 2016; Gawlik et al., 2012).

Research conducted on the topics of APQP and PPAP have primarily been
conducted in isolation. Li et al. (2011) outlined that APQP is a generally applicable
programme that can improve production quality and decrease costs. However, while
Li et al. (2011) declare that APQP can be used to standardize manufacturing, Rocha
& Salerno (2014) declare that APQP needs to be consistently well monitored to not
jeopardize the success of new products. Just as APQP, PPAP is described as a
procedure utilized to decrease production costs and ensure quality compliance
between supplier and buyer (Doshi & Desai, 2016; Gawlik et al., 2012). While Doshi
& Desai (2016) underline how PPAP improves buyer-supplier relations and helps the



continuous improvement of product quality, Gawlik et al. (2012) highlight that
reaching PPAP with a resulting failure rate of 0 ppm requires further research.

As globalization, customer expectations, and digital complexity increase,
organizations must continuously refine their QM practices to remain competitive
(Weckenmann et al., 2015). In this context, streamlining APQP and PPAP may
represent a practical pathway for OEMs to strengthen their quality assurance and
adaptability in a dynamic market. To support this study, the Capability Maturity Model
Integration (CMMI) framework is introduced to assess and improve the maturity of
quality-related processes. CMMI, originally created for improving IT processes, has
developed to become a framework in guiding additional areas of business, such as
SQM (Ho et al., 2016).

1.2 Purpose

In response to the interest in streamlining APQP and PPAP, this research aimed to
examine how a global OEM utilizes these processes and derive opportunities for
streamlining component industrialization. By identifying key challenges and gaps in
the OEM'’s current practices through the usage of CMMI, this study sought to develop
a set of actions for further improving supplier quality management.

1.2.1 Research Questions

To evaluate the OEM’s current capabilities in APQP and PPAP, it is essential to
apply a structured framework for assessing process maturity. CMMI provides such a
framework, enabling systematic analysis of organizational practices (Chrissis et al.,
2011). This leads to the first research question:

¢ How can the maturity of APQP and PPAP processes at an OEM be evaluated
using the Capability Maturity Model Integration (CMMI) framework?

Prior research emphasizes that successful implementation of APQP and PPAP is
often hindered by organizational and procedural shortcomings (Rocha & Salerno,
2014; Gawlik et al., 2012). To explore these challenges, the second research
question is formulated:

e What organizational and procedural gaps influence the application of APQP
and PPAP?

Addressing these gaps is crucial for enhancing process maturity. Accordingly, the
third research question aims to identify actions that can support the improvement of
APQP and PPAP processes:

e What actions can support the advancement of APQP and PPAP process
maturity?

1.3 Delimitations

The focus of the study was on the SQM organization of a global OEM. Due to the
geographical context, the analysis primarily reflects a European perspective,
however it also incorporates insights from other regions, such as Asia-Pacific
(APAC).

As APQP and PPAP are complex processes with multiple layers of detail, the study
does not cover low-level processes associated with either. Examples of these include
Process Failure Mode and Effects Analysis (PFMEA), used to identify potential
operational failures, and Measurement System Analysis (MSA), used to evaluate and
quantify measurement variability. Furthermore, although APQP includes several
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steps prior to component industrialization, such as supplier sourcing and the
formation of cross-functional teams, these are excluded from the scope as they
encompass several additional factors that needs consideration.

While APQP and PPAP is applied in both vehicle and component development, this
study focuses specifically on their application in component industrialization and does
not fully consider the broader context of vehicle development.

To maintain general applicability, the study does not present an implementation plan
tailored to the case company but instead general actions that can be interpreted and
applied by other OEMs.

Lastly, as the purpose of this study was to explore internal organizational actions that
may enhance supplier quality, the direct perspective of suppliers has not been
explicitly included.



2. Theoretical Framework

This chapter presents the theoretical foundation used to analyze APQP and PPAP
practices at the OEM. It begins with key principles in QM, including the Triple
Constraint, First Time Right, and PDCA, to frame how organizations balance quality,
time, and cost. The section then introduces APQP and PPAP as core tools in
automotive SQM, supported by standards such as IATF 16949. To evaluate process
maturity and guide improvement efforts, the CMMI framework is used. Together,
these theories, models and standards provide the basis for assessing gaps and
potential improvement.

2.1 Quality Management

Quality management (QM) in its early days, as described by Ingason (2020), adopted
a quality view primarily through the lens of quality control, focusing on identifying
defects and ensuring that the product met specifications. However, throughout the
last century, various iterations have suggested different approaches to quality. Taylor
(1911) was among the first to propose a perspective emphasizing standardization
and process efficiency, with quality control as a key tool for ensuring conformance.
Later, Juran introduced his framework, the Juran Trilogy, which advocated for
managing quality through planning, control, and continuous improvement (Juran,
1986). Deming also put forward a philosophy that emphasized the importance of
systems thinking and called for a need for continuous quality improvement (Petersen,
1999).

From a focus on inspection of products, QM has evolved into a holistic view to
become a critical management tool and philosophy for modern business. With
widespread usage, 1SO 9001 represents the most recognized QM framework,
supporting long-term performance and stakeholder satisfaction (Fonseca, 2015). The
refined 1ISO 9001:2015 standard incorporates seven core principles which are as
follows: 1) Customer Focus, 2) Leadership 3) engagement of People 4) Process
Approach 5) Improvement 6) Evidence-based Decision Making 7) Relationship
Management. These principles guide organizations in navigating complex
environments and fostering continuous improvement (Fonseca, 2015).

When considering quality, it should not be regarded as a fixed state of a product or
service, but the degree to which its inherent characteristics are able to satisfy the
need or expectation of the user (Hoyle, 2011). By treating quality as an overall
business strategy (the big Q) instead of focusing on the entity of a product (the small
q), Hoyle (2011) suggests a better alignment of business. According to Fonseca
(2015), effective QM necessitates an organizational effort beyond quality compliance,
to ensure quality becomes a shared value across all levels of the organization.
Effective use of QM can further be seen closely linked to organizational performance
in leveraging competitiveness, customer satisfaction and financial outcomes
(Ebrahimi & Sadeghi, 2013). However, the practical results of a QM initiative often
vary. Several studies emphasize that when QM initiatives fail, it is often not due to
flaws in the concept itself but rather flaws with how it is implemented (Seetharaman
et al., 2006). Common challenges include a lack of top management commitment,
vague implementation plans, or overlooking the cultural changes required to support
quality initiatives throughout the organization. Seetharaman et al. (2006) points out
that for QM to be effective, it must be supported by long-term planning, appropriate
training, and clear, measurable objectives that are embedded at all levels of the
organization. In addition, Linderman et al. (2004) argue that effective quality
management is fundamentally tied to an organization’s ability to create and manage
knowledge. Linderman et al. (2004) apply Nonaka’s knowledge creation theory to
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show how QM practices contribute to organizational learning through the processes
of the SECI model: socialization, externalization, combination, and internalization.
These processes enable the transformation of individual experience into shared
organizational knowledge, which supports continuous improvement and enhances
long-term performance. Thus, successful implementation of QM depends not only on
the application of tools and standards but also on fostering a knowledge-creating
environment within the organization (Linderman et al., 2004). Further analysis of QM
can be done through the Triple Constraint Framework, which is further explored in
the following.

2.1.1 Triple Constraint

Interpreting quality can be done through the framework known as the Triple
Constraint which consists of the three criteria quality, cost and time (Adler, 2018).
The illustration as seen in Figure 1, is commonly used to understand the correlation
between time and cost in relation to quality outcome, suggests that changes of one
criterion will inevitably affect the others (Pollack et al., 2018). From an organizational
perspective it is not uncommon to encounter challenges within the Triple Constraint
inside projects. Van Wyngaard et al. (2012) highlights the expression “Good, fast or
cheap? Pick two”, emphasizing that trade-off decisions are a necessity to maintain
quality as an attempt to push for all elements will result in the failure of one of them.
They further add that constraints often follow an asymmetric and nonlinear
relationship, suggesting a need to continuously iterate trade-off decisions.

Quality

Cost

Figure 1 — lllustration of the Triple Constraint

Time

Addressing the trade-off between time and cost is further pinpointed in production
time crashing, a method of deliberately shortening project activities by allocating
more resources (Liao et al., 2020). The product time crashing curve argues that while
time crashing can to some extent prove cost beneficial, it rapidly escalates after a
certain optimum point due to the nonlinear relationship where costs increase
exponentially as time reduces. Orm & Jeunet (2018) further expand on the
implications of time reduction by examining the practice of overlapping project
activities. This approach, often used to accelerate delivery, involves initiating
downstream tasks based on incomplete or evolving inputs from upstream stages.
While effective in reducing timelines, it introduces a significant risk of rework, thereby
increasing costs and potentially reducing quality. Their analysis underscores the core
message of the Triple Constraint that attempting to improve one dimension such as
time risks impacting the others. Moreover, the need for rework reflects the non-linear
and asymmetric nature of these trade-offs, where accelerating activities do not only
linearly increase cost, but can amplify risk in unpredictable ways.



In addition to balancing cost, time, and quality for project success, recent studies
highlight that organizational support-such as management commitment, resource
availability, and supportive culture-can significantly moderate these relationships.
High organizational support can mitigate the negative impacts of constraint overruns,
leading to improved project outcomes even when challenges arise (Watanabe et al.,
2024). But while the Triple Constraint illustrates the inevitable trade-offs between
time, cost, and quality, organizations may also approach these tensions in ways that
mitigate their appearance. One such approach is to prevent quality degradation by
building quality into the process from the start using the First Time Right — Principle
(FTR).

2.1.2 First Time Right

FTR can be understood as a principle in manufacturing to prevent quality defects by
promoting employees to take immediate accountability of quality before progression
downstream (Poppendieck, 2002). Kumar et al. (2023) tells that quality issues should
be addressed in the design stage, highlighting the integration of FTR upstream. By
emphasizing predictive quality thinking over reactive, FTR enables better integration
of quality assurance throughout the entire product design and manufacturing process
(Kumar et al., 2023). Moreover, Ford & Gosling (2024), although pinpointing an
ongoing struggle in the construction industry, underscore the broader organizational
barriers of FTR implementation. Their findings suggest that cost and schedule often
dominate decision-making at the expense of quality, which increases the likelihood of
rework and delays - risks that could be significantly mitigated through an FTR
approach.

The necessity for upfront perfection may however become misinterpreted.
Poppendieck (2002) notices that while FTR aims to empower ownership of quality it
can be mistaken to become an exhaustive approach for upfront perfection, leaving
the organization with counterproductive processes. If such misinterpretation occurs,
consequences may follow in loss of responsibility, excessive documentation, and
inflexibility. In respond, they argue that FTR must emphasise rapid feedback loops
and allow for continuous improvement to avoid an approach that ends up hindering
the organisations processes. This notion of continuous improvement is seen as the
core message of Plan-Do-Check-Act (PDCA).

2.1.3 Plan-Do-Check-Act

PDCA is an organizational model for continuous improvement that follows a four-step
iterative cycle. According to ISO 9001:2015, the elements of PDCA are defined as
follows in Figure 2 (SIS, 2015).



Act Plan

Take necessary actions to Define objectives, allocate

enhance performance resources, ensure compliance
with requirements and policies,
and identify and manage risks
and opportunities

Check Do

Monitor and, where applicable, Implement the plan

measure processes and

resulting products and services

based on policies, objectives,

and requirements, and report
the results

Figure 2 — The Four Steps of PDCA

PDCA places a strong emphasis on risk-based thinking by encouraging organizations
to proactively identify and address potential deviations before they occur. As
Ezrahovich et al. (2017) points out, ISO 9001:2015 emphasize this mindset at the
core of its quality management system, particularly during the “Plan” phase. This
includes defining risk assessment criteria, evaluating potential hazards, and
establishing mitigation strategies to encourage preventive actions and continuous
improvement mechanisms before problems arise.

In practice, PDCA fosters a structured approach to problem-solving and
organizational learning, both of which are essential for operational excellence and
long-term strategic growth (Jagusiak-Kocik, 2017). Managerial engagement,
particularly during the “Plan” and “Do” phases, reinforces a culture of collective
responsibility and commitment to continuous improvement. Realyvasquez-Vargas et
al. (2018) argue that once an organization standardizes the PDCA cycle as a routine
learning process, it enhances operational consistency and contributes to a
sustainable competitive advantage. Taufik (2020) supports this by emphasizing that
standardization ensures consistent quality and reliability in operations. Further he
pinpoints the importance of the “Act” phase in closing the feedback loop and enabling
the cycle to repeat and evolve. From a continuous learning perspective, this stage
validates the outcomes from the “Check” phase and informs appropriate next steps
(Pietrzak & Paliszkiewicz, 2015). If only minor deviations are observed, corrective
actions can be taken within the existing framework, reflecting single-loop learning,
where strategies remain unchanged. However, when more fundamental issues are
identified, the “Act” stage can lead to double-loop learning, prompting the
organization to reassess and potentially alter its goals, assumptions, or strategies
(Pietrzak & Paliszkiewicz, 2015). As the double-loop learning not only corrects errors
but challenges their underlying assumptions on a deeper level, it emphasizes a
proactive approach to address issues.

The principles of PDCA and continuous learning are not only theoretical constructs
but are also embedded in established industry standards. In the automotive sector,
IATF 16949 is considered a recognized quality management standard that formalizes
many of these continuous improvement principles into operational practice.



2.1.4 IATF 16949

IATF 16949 is a recognized quality standard in the automotive industry developed by
the International Automotive Task Force (IATF), which consists of major automotive
manufacturers and associations including AIAG (IATF, n.d). The IATF standard is
related and compatible with the international ISO: 9001:2015 standard, however
IATFs coverage is specifically aimed at requirements for the automotive industry
(Yiimaz & Acaroglu, 2024). Yilmaz & Acaroglu (2024) highlight that IATF
complements the generic 1ISO:9001 standard by adding value to the automotive
sector in different areas including supply chain, operational performance, people and
technology. Ultimately it helps automotive companies gain higher control of their
quality management system which ensures continuous improvement of quality while
staying competitive (IATF, n.d). Building on the requirements set by IATF 16949,
Advanced Product Quality Planning (APQP) serves as a structured methodology for
planning and managing quality throughout component industrialization.

2.1.5 Advanced Product Quality Planning

APQP is a systematic methodology for developing new products. Through the
inherent use of statistical tools and QM techniques, the methodology aims to reduce
costs, enhance production capabilities, and ultimately ensure higher product quality
and customer satisfaction (Li et al., 2011). APQP is in line with the IATF 16949
standard — in fact, the methodology is expected to be used in ensuring compliance
with the standard. The general guidelines of AIAG define five sequential phases of
APQP as seen in Figure 3: Plan and Define (1), Product Design and Development
(2), Process Design and Development (3), Product and Process Validation (4),
Feedback, Assessment and Corrective Action (5). For a further definition of the
inherent phases, see Appendix A.

Concept

Initiation/Approval
Program
Approval Prototype Pilot Launch

i Planning Planning é
Product Design and Dev.\
| 1
I I
Process Design and Development
1

I

Product and Process Validation

Production
—
§ Feedback Assessment and Corrective Action
PRODUCT PROCESS
PLAN AND DESIGN AND DESIGN AND PRODUCT FEEDBACK
DEFINE DEVELOPMENT DEVELOPMENT AND PROCESS ASSESSMENT AND
PROGRAM VERIFICATION VERIFICATION VALIDATION CORRECTIVE ACTION

Figure 3 — APQP Phases and Timing'

' Reprinted from APQP and Control Plan Second Edition with permission from AIAG
(Automotive Industry Action Group).



According to Stamatis (2018), effective execution of APQP requires strong cross-
functional collaboration. Stamatis (2018) emphasizes that success relies on the
involvement of teams with broad experience and knowledge, and further identifies
clear role definitions, proactive feedback, consistent communication, and mutual
acknowledgement as key enablers of high-performing APQP teams. Although not
formally a study on APQP, Oliva & Watson (2011) describe how the absence of
structured cross-functional processes in supply chain planning led to persistent
misalignment and duplicated efforts. Their findings underscore the importance of
explicit validation steps, shared decision-making procedures, and clear ownership in
overcoming functional silos and achieving coordinated planning outcomes.

2.2 Supplier Quality Management

SQM, serving as a bridge between supply chain management and quality
management, involves systematic monitoring and assessment of suppliers to ensure
that products meet customer requirements (Burgess et al., 2023). While earlier
studies show that buyers historically relied solely on the inspection of incoming goods
(Forker, 1997), Flynn & Flynn (2005) adds that buyer-supplier collaboration has
additional benefits on supply chain performance. Furthermore, Flynn & Flynn (2005)
defines how a higher degree of formalization and collaboration proves increasingly
beneficial for performance. The notion of collaborating with suppliers is also
investigated by Noshad & Awasthi (2015). Noshad & Awasthi (2015) deduce how
collaboration with suppliers proves essential for quality development and continuous
improvement, and how key practices include sharing long-term goals, intensive
communication and engaging suppliers early in product and process development.

In addition to collaborative efforts, Lee & Li (2018) describe how investing in supplier
development is an additional strategy for managing product quality. Through
investments in improving the quality of supplier operations, benefits are gained for
both parties in terms of reduced costs and increased quality (Lee & Li, 2018).
Supplier investments may also include support and education in best practices and
know-how, which are applicable for suppliers who have a lower degree of experience
(Bai & Sarkis, 2016; Lee & Li, 2018). Thus, three areas for improving SQM are
inspection, investment and collaboration, as further discussed below.

2.2.1 Inspection of incoming goods

In the context of SQM, buyers should inspect the conformance of requirements upon
receiving goods from a supplier. Through verifying the geometry, appearance and
performance of items, buyers may identify defects early in the development process,
not to have a compound effect on the subsequent development. Lee & Li (2018)
outline that the ability of buyers to accurately identify bad-quality products depends
on the resources invested in inspection efforts. Furthermore, Lee & Li (2018)
highlight that defects identified upon initial inspection are rejectable due to
contractual obligations, while defects that fail at a later stage can fall under the
responsibility of the buyer due to difficulties in deciding who is accountable. As a
remedy, Lee & Li (2018) suggest that buyers should ensure visibility of material flows
to enable the tracking of root causes. In a study on vendor-managed inventories and
quality inspection on the buyer side, it was concluded that companies do not only
need rigid inspection processes, but also strategies on how to manage defective
items and inspection errors (Attila, 2024). Furthermore, Attila (2024) highlighted the
importance of incorporating risk management to account for potential inspection
errors.



2.2.2 Investment in supplier development

To improve the quality of incoming goods prior to inspection, buyers may invest
resources in the development of suppliers. In the quest of improving supplier
development to gain competitive advantage, buyers have a variety of investments to
choose from (Bai & Sarkis, 2014). These investments can be classified as either
tangible or intangible (Bai & Sarkis, 2014; Lee & Li, 2018). Examples of tangible
investments include aid in financing factory expansion or financing of high-quality
materials and tooling (Bai & Sarkis, 2014; Lee & Li, 2018). Intangible investments
include knowledge sharing and supplier assistance programs (Bai & Sarkis, 2014;
Lee & Li, 2018). Through these investments, complementary gains can be acquired
as suppliers become more resource efficient, leading to lower operational costs (Lee
& Li, 2018). While Lee & Li (2018) suggest investment in quality management
systems, improvement to production processes and use of high-quality material and
tooling, Bai & Sarkis (2014) also suggest collaborative efforts as a compliment to
investment and strategies for shared savings.

2.2.3 Collaboration with suppliers

In a study conducted by Salimian et al. (2020), it was concluded that manufacturing
is no longer just about production. Instead, organizations should strive for higher
levels of trust and commitment among all organizations within the supply chain, to
ensure that value is created for the end customer. Through not only investing in
supplier development, but also fostering a collaborative approach, a higher level of
quality performance can be achieved (Salimian et al., 2020; Bai & Sarkis, 2014). In
an earlier study conducted by Flynn & Flynn (2005), the notion of co-makership was
noted as a contributing factor to reduced lead times and improved quality. Further,
Flynn & Flynn (2005) found that a higher degree of formalization proves increasingly
beneficial and may diminish the need for inspecting incoming items.

A collaborative process central to the automotive industry is the Production Part
Approval Process (PPAP) and its phased variant developed by Ford (2002) (AIAG,
2006).

2.2.3.1 Production Part Approval Process

PPAP is a quality assurance process that strives to verify the conformance of
suppliers for new products as well as modified products (AIAG, 2006). Through
buyer-defined requirements and supplier conformance, PPAP acts as a collaborative
inspection process where both parties can communicate.

PPAP consists of 18 distinct, interrelated elements that collectively validate all
aspects of a component and its production process, from materials to tooling (Gawlik
et al., 2012). These elements are listed in Table 1 and further elaborated on in
Appendix B. The central element of PPAP is the Part Submission Warrant (PSW), a
formal declaration from the supplier that all customer requirements have been met
and that the submitted parts are representative of the production intent (Gawlik et al.,
2012).
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Table 1 — The PPAP Elements

Element

Description

(1) Design Record

Blueprint detailing dimensions, materials, and tolerances

(2) Engineering Change
Document

Proof of approved changes not in the original design

(3) Customer Engineering
Approval

Evidence of buyer's technical approval

(4) Design Failure Mode
and Effects Analysis

Risk analysis to prevent design-related failures

(5) Process Flow Diagrams

Overview of the production steps

(6) Process Failure Mode
and Effects Analysis

Risk analysis of the manufacturing process

(7) Control Plan

Document defining methods for process control

(8) Measurement System
Analysis Studies

Validation of measurement system capability

(9) Dimensional Results

Evidence of compliance with design dimensions

(10) Material, Performance
Test Results

Documentation of test outcomes

(11) Initial Process Studies

Proof of process stability and capability

(12) Qualified Laboratory
Documentation

Proof that lab used is qualified for the tests

(13) Appearance Approval
Report

Verification of parts' aesthetic requirements

(14) Product Sample

Physical samples for buyer evaluation

(15) Master Sample

Reference part approved by the buyer

(16) Checking Aids

Measurement tools used, validated via MSA.

(17) Customer-Specific
Requirements

Proof of compliance with buyer-specific demands

(18) Part Submission
Warrant

Formal declaration that all requirements are met

For PPAP, there are five submission levels that dictate the extent of documentation
and approval required before parts can be used in manufacturing. These submission
levels are determined by factors such as the criticality of the component, the
complexity of the part, the history of the supplier, and the nature of the supplier-buyer
relationship. As per AIAG recommendations, PPAP level three is considered the
default submission level unless a buyer representative grants authorization for a
different level (AIAG, 2006). The different levels are described in Figure 4.

Submission Level Requirements

Level 1 | PSW only (items with appearance
requirements also need an Appearance
Approval Report)

Level 2 | PSW with product samples and limited
supporting data

Level 3 | PSW with product samples and complete
supporting data

Level 4 | PSW and other customer-defined
requirements

Level 5 | PSW with product samples and complete
supporting data reviewed at manufacturing
location

Figure 4 — The Submission Levels of PPAP
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2.2.3.1.1 Phased PPAP

A variant of PPAP is the phased PPAP, developed by Ford (2002). Through dividing
the 18 elements into three sequential phases — Quality Verification, Production
Verification and Capacity Verification, both suppliers and OEMs are expected to
benefit from clarity in the PPAP as well as having more manageable segments (Ford,
2002).

Prior to the first phase, suppliers need to perform an initial Run at Rate (R@R) with a
setup that resembles final production (Ford, 2002). The R@R provides an early
indicator whether suppliers can produce the required capacity and quality in line with
buyer requirements. Typically, buyers require a minimum of 300 pieces for the R@R
produced within a production run of one to eight hours (Ford, 2002). A buyer-
approved R@R is needed for transfer to phase one, as a satisfactory R@R is crucial
for validating supplier readiness.

Phase one, quality verification, encompasses dimensional verification and
engineering specification testing, incorporating 15 of the 18 PPAP elements (Ford,
2002). By testing the parts produced during the R@R, suppliers validate their
conformance to buyer-requirements in terms of tolerances and processes. During the
second phase, production verification, suppliers must complete all PPAP elements in
line with AIAG guidelines (Ford, 2002). Here, suppliers need to validate the final
production setup through verifying dimensions as well as part appearance. The final
phase of the phased PPAP is capacity verification, in which the supplier needs to
demonstrate that their manufacturing setup can produce quality parts with a capacity
that meets a minimum of one day daily production (Ford, 2002). This step ensures
that the supplier's processes are stable, repeatable, and capable of supporting
ongoing production volumes before full approval is granted by the OEM.

12



2.2.4 |dentified practices

Based on the previous sections, Table 2 summarizes the identified practices of
improving SQM. By dividing the practices per area and source, unique and
overlapping practices may be identified.

Table 2 — Practices for Improving Supplier Quality Management

Area Suggested Practices

Early defect detection, resource allocation & visibility of material flows
(Lee & Li, 2018)

Risk assessment models, strategies for defect item management &

Inspection rigid inspection procedures (Attia, 2024)
PPAP & phased PPAP (AIAG, 2006; Ford, 2002)
Quality Management Systems, improvement in production processes
& use of high-quality tools and materials (Lee & Li, 2018)

Investment

Capital resources and equipment, shared savings & collaboration as
a complement to investment (Bai & Sarkis, 2016)

Training in lean production and quality management (Lee & Li, 2018)

Sharing long-term goals, Intensive communication, early involvement
in product and process development (Noshad & Awasthi, 2015)

High degree of formalization (Flynn & Flynn, 2005)

Collaboration

Sharing of technology and information, compatible Information
Systems (Chin et al., 2006)

PPAP & phased PPAP (AIAG, 2006; Ford, 2002)

Real-time communication, information sharing, aligning goals &
system cost reduction over individual (Attia, 2024)

To assess the capabilities of an organization's quality and supplier quality processes,
Capability Maturity Model Integration (CMMI), can be a feasible way.

2.3 Capability Maturity Model Integration

CMMI is a process improvement framework developed by the Software Engineering
Institute (SEI) at Carnegie Mellon University. Initially, the framework was intended for
software improvement but has evolved to be a valuable tool for organizations in
several industries, serving both service- and product-oriented companies (CMMI
Institute, n.d). Through systematically dividing the processes of a corporation into
capability levels, maturity levels and performance areas, Chrissis et al. (2011) state
that CMMI serves as a comprehensive framework for diagnosing and improving
companies. In a study conducted by Ho et al. (2016), a framework was developed to
aid organizations in assessing their supply chain collaboration capabilities,
highlighting the compatibility between SQM and CMMI.

CMMI can be applied using either staged or continuous representation, depending on
the aim of the usage. While staged representation uses maturity levels to assess the
overall state of an organization’s processes, the continuous representation uses
capability levels to characterize the state of organizational processes in relation to an
individual process area (Chrissis et al., 2011). As APQP and PPAP do not
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comprehensively encompass the QM of an organization, continuous representation is
more applicable. The following sections define the key performance areas, the
capability levels and their relation to APQP and PPAP.

2.3.1 Key Performance Areas

To cover the fundamental areas of process improvement, the CMMI model
encompasses 16 core process areas, covering vital processes such as acquisition,
development and services (Chrissis et al., 2011). The specific model of Chrissis et al.
(2011) states 22 areas, however not all performance areas are needed for analysis of
SQM due to the broad nature of the framework. Instead, the components relevant to
the case at hand should be applied. In the specific case of APQP and PPAP, the
relevant key performance areas are identified in Table 3. Using these areas allows
for pinpointing the improvement potential in line with the empirical data. Out of the
four denoted performance areas, project planning (PP), organizational process
definition (OPD) and organizational training (OT) are considered critical for project
and process management success according to Huang & Han (2006). In this study,
Huang & Han (2006) reached this conclusion by asking senior software managers
and consultants which process areas they found critical in their work. Furthermore,
these areas were chosen for their relevance to APQP and PPAP. Together, they
represent foundational aspects for managing cross-functional collaboration (IPM),
establishing standardized work practices (PP, OPD), and fostering competence
development (OT) - factors that are essential for the effective implementation of
APQP and PPAP (Chrissis et al., 2011; Stamatis, 2018).

Table 3 — Chosen Key Performance Areas

Category Area Definition Relevance
Establishes and maintains Supports structured
plans that define project APQP and PPAP phase

Project Planning | activities, timelines, planning, timelines,
(PP) resources, and milestones, and
commitments. responsibilities
I?/Il:rJ;Ctement Manages the project and its | Relevant for cross-
9 Intearated processes in a coordinated | functional integration and
Pro'?act and integrated way, coordination across
Ma%a ement ensuring alignment with organization and
(IPM)g organizational goals and suppliers
stakeholders.
Develops and maintains a Supports routine
Organizational usable set of organizational | processes connected to
Process process assets, including APQP and PPAP such as
Definition (OPD) ftancila:ds, procedures, and | documentation and ways
emplates. of working
Process — —
Management Ensure individuals have the | Supports capability

necessary knowledge and development across

o skills to perform their roles functions and roles, such
Organizational

. effectively through as training and
Training (OT) structured training knowledge management
programs. connected to APQP and
PPAP
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2.3.2 Capability Levels

The capability levels of CMMI range from 0 — 3 (incomplete to defined) and are
related to individual practice areas (Chrissis et al., 2011). The levels are cumulative
as each level adds new functionality or rigor. While there are generic practices that
need to be fulfilled for each capability level, there are also specific practice areas to
satisfy, which depend on the performance area at hand (Huang & Han, 2006). An
example of a general practice is “Plan the process” (Chrissis et al., 2011) which can
be applied to several process areas, while an example of a specific practice is
“Manage stakeholder involvement” (Chrissis et al., 2011), which is attributed to IPM.
Below in Figure 5 are the general characteristics of the four levels, as defined by

Chrissis et al. (2011).

Capability Level 0: Incomplete

An incomplete process is either partially
performed or not performed at all. The goals
of the process are not satisfied and moving
forward encompasses performing the
process.

Capability Level 2: Managed

A managed process is a performed process
that is planned and executed in accordance
with policy. Skilled people that have
adequate resources are employed to
produce controlled outputs, relevant
stakeholders are involved, and the process
is monitored, controlled, reviewed and
evaluated in line with its description. The
discipline of level two ensures that
organizations apply existing practices
despite stressful times.

Capability Level 1: Performed

A level one process is a performed process
that does the necessary work to produce
what is needed. Although improvements
can be made at level one, these are not
always made part of the organizational
procedures.

Capability Level 3: Defined

A defined process is a performed process
tailored to be in line with the overall
organizational standards. In addition to a
managed process, the defined process
ensures that practices are consistent
despite project variation. Furthermore, the
processes at capability level three are
typically more rigorously defined and
managed more proactively.

Figure 5 — The Capability Levels of Continuous CMMI

Advancing between capability levels requires the application of either the generic
practices as outlined by Chrissis et al. (2011) or suitable alternatives. Reaching a
higher capability level means satisfying the specific requirements, such as moving
from level zero to one encompasses processes that are completed within the

performance area.

2.4 Relevance and Application of Framework

As structured methodologies for quality assurance in product development, APQP
and PPAP are fundamentally linked to the principles of QM. Given that APQP
functions as a project-oriented approach, the inclusion of frameworks such as PDCA,
Triple Constraint, and FTR provides relevant tools to assess project management
behaviors, trade-offs, and up-stream accountability. Moreover, since both APQP and
PPAP depend on supplier collaboration, applying SQM theory introduces a
necessary external perspective for evaluating coordination and performance across

organizational boundaries.

The relevance of CMMI in this thesis lies in its ability to assess process maturity in a
structured and systematic way. By providing a framework for evaluating the current
state of APQP and PPAP practices, CMMI enables the identification of organizational
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gaps and supports the formulation of targeted improvement areas. While the full
CMMI framework includes a wide range of process areas, this thesis applies a
focused subset relevant to the evaluation of APQP and PPAP practices. This
selective approach follows the modular nature of CMMI and aligns with the case-
specific scope of the study (Chrissis et al., 2011). Process areas were chosen based
on their relevance to the key themes identified in the empirical data.

While QM and SQM theory were applied to analyze the current processes both
internally and externally, the CMMI framework was used to structure the analysis and
identify organizational gaps. The combination of QM, SQM and CMMI was applied to
formulate actionable suggestions. While it was noted that there are newer versions of
CMMI, this study applies a previous version due to its clear definitions of process
areas and capability levels.
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3. Method

This chapter covers the chosen methodological approach adopted throughout the
research. It initially discusses the choices of research strategy and design approach
which is followed by an elaboration of data-collection method and analysis. Finally, it
covers discussion of research quality and ends with the ethical consideration that
were made during the research.

3.1 Research Strategy & Approach

The choice of a suitable research strategy can be divided into two main approaches,
quantitative or qualitative research (Bell et al., 2019). Quantitative research is applied
when the research intends to emphasize quantification, which builds upon a
deductive approach using predefined theories that are assumed to be true or false.
The research thereafter builds upon quantification of data to test the relationship
between theory and research to conclude a result. In contrast, qualitative research
generally follows an inductive approach where presumed theories do not exist.
Instead, the emphasis lies on the generation or development of new theories through
qualitative evidence that may be found (Bell et al., 2019).

For this research, a qualitative approach was decided on with the motivation lying in
the exploratory nature of the study. It was also motivated by the given circumstances
of this research where prior investigation in the subjected field were scarce. This
highlighted a need to explore in-depth practices before unfolding new theories, in
which a qualitative approach was seen appropriate. In addition, literature review
indicated that existing research in the field was limited, thus lowering the feasibility of
a deductive approach.

As explained by Bell et al. (2019), grounded theory through empirical data commonly
follows an inductive approach, however such approach infers limitations in the output
of novel theory (Timmermans & Tavory, 2012). In the opposite case, deductive
research can'’t facilitate new theory generation as it is biased from the process of
validating input towards the theory that is derived in the beginning of the research
(Timmermans & Tavory, 2012) Addressing these limitations may be done using a
third approach referred to as abductive reasoning. The process, which builds on a
puzzle-solving dynamic approach (Bell et al., 2019), emphasizes an iterative
approach of engaging with existing theories alongside new empirical data to derive a
theory of novelty (Timmermans & Tavory, 2012). In this context the study began with
initial hypotheses and assumptions provided by the key informants. Thereafter
qualitative interviews enabled an iterative approach to derive additional findings
rather than solely seeking to validate the initial theories.

3.2 Research Design

As Bell et al. (2019) explain, research design defines a structured framework for
collecting and analyzing data which should reflect the choice of criteria for evaluating
the quality of research findings. Within qualitative research, case study research
designs distinguish from other research designs in that they focus on a bounded
situation or system such as an organization or location (Bell et al., 2019). When
addressing the issue of “how”, the case study is an effective method that provides
usage of multiple data sources, enabling triangulation, while also enhancing in-depth
understanding of real-world context (Yin, 2014).

From this reasoning the choice of a company specific case study design was
deemed most suitable. Given that the application of APQP and PPAP often varies
between companies, focusing on the internal organizational perspective also allowed
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for a more context-specific understanding. While this may lower the generalizability of
the findings it strengthens the practical relevance and provides a deep understanding
of how APQP and PPAP is applied in the case specific context. However, an internal
perspective has led to the perspective of suppliers not being directly considered.
Instead, the interaction with suppliers has rather been captured from the perspective
of different employees working with them.

3.3 Sampling

The selection of the case company was guided by its relevance to the research
purpose. With active involvement in both APQP and PPAP processes, the chosen
OEM presented a suitable context for investigating the research questions, thus
motivating the choice. Moreover, since internal functions at the OEM had already
expressed a need to improve these processes, the selection helped increase the
likelihood of active engagement with the study, as well as a willingness to contribute
time, insights, and resources.

The interviewee sampling criteria focused on individuals actively involved in the
subject area, which included a cross-functional group comprising SQM, logistics,
procurement, R&D and digital. For the sampling quantity, a greater number of
interviewees were chosen from the division of SQM, as these were judged more
invested in the topic due to higher involvement.

The selection of interviewees was approached using a mix of purposive sampling
methods. In qualitative analysis the non-probability purposive sampling enables a
wide range of sampling methods and becomes particularly useful when the research
wishes to target any critical subgroups within the research sample (Neetij & Bikash
Thapa, 2004). Primarily the purposive sampling sought people with expertise to
assure the answers would be nuanced. The use of key informants as a bridge
facilitated quick contact with the initial interviewees and ensured a higher willingness
to participate. In addition, asking interviewees for further participants (referred to as
snowball sampling) became helpful in reaching “hard-to-reach” populations (Bell et
al., 2019). Getting further participants through snowball sampling helped decrease
the risk of bias from using interviewees solely suggested by the key informants.

3.4 Data collection

The data collected throughout the study stems from key informants, observations,
document studies and interviews. These methods will be further discussed in this
section.

3.4.1 Key informants

Marshall (1996) quick access to rich and detailed data. However, Marshall (1996)
also pinpoints that the usefulness of information gained will depend on certain
characteristics of the key informants including the relevance of their role, their
knowledge and willingness to communicate. In this research, two key informants
were chosen from the division of SQM. Due to SQM’s central role in APQP and
PPAP, it was judged that this function would be suitable. Having two key informants
with different positions rather than one has diversified the risks of bias and benefited
the validation of findings to enhance its credibility.

Throughout the research, being situated in the same office as the key informants has
allowed regular and informal interactions. This was seen as significantly beneficial in
the beginning of the research when our understanding of APQP and PPAP was
limited.
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3.4.2 Document Studies

The document studies in this research have followed an iterative approach used at
multiple stages of the research in which key informants have had a significant role in
providing company material. To support contextual understanding, initial document
analysis was carried out, focusing on company-specific sources. These included
training materials, internal IT system documentation, and detailed records outlining
how APQP and PPAP are structured and applied within the organization. Later use of
document studies served a purpose of validating findings and further increasing
understanding within specific areas. As highlighted by Bowen (2009), document
analysis is a valuable tool for validating findings from other sources, a process
referred to as triangulation. While Bowen (2009) further defines the various use-
cases of document analysis, he also underlines that document analysis should not be
used in isolation, but rather in combination with further data sources such as
interviews.

3.4.3 Interviews

The interview format followed a semi-structed approach using a general template of
predefined questions as guidance to assure each interview would cover all critical
areas, see Appendix C. A total number of 12 interviews were conducted in line with
Table 5, one of which was a follow-up interview. The interviews averaged a length of
60 minutes where both interviewers were present. Each interview was initiated with
an explanation of confidentiality to assure respondent could fully express their
thought, followed by a question on consent to record each session ensuring a high-
quality undisrupted discussion. This approach allowed transcription to be made
afterwards where sensitive data was anonymized before further usage. Having an
open-ended format allowed respondents to share in-depth insights from their own
perspectives, while the structured elements ensured consistency across interviews,
supporting comparability and potential generalization of findings.

Despite semi-structured approach being common in qualitative analysis, Bell et al.
(2019) note that semi-structed interviews also puts a higher emphasis on how the
interviewer responds in which the quality also becomes dependent of follow-up
questions from the interviewee. The ability to reply with off-script questions, known as
probing, provides flexibility to an otherwise structured approach, which helps to
highlight relevance and importance from the perspective of the participants (Bell et
al., 2019). Moreover, it helped interviewees develop nuanced answers and enabled
the interviews to be steered back to the central themes when interviewees started to
go off-topic. As highlighted by Robinson (2023), probing has an ability to turn generic
responses to specific memories that helps to extract rich and detailed information of
specific events.

Table 5 - Interviewee List

Title Notation Function Medium

Senior SQM Manager S1 SQM Video
Senior SQM Engineer S2 SQM Face-to-face
Solution Architect D1 Digital Face-to-face
Buyer Battery Cell and Module P1 Procurement Face-to-face
Buyer Electric Motor & Transmission P2 Procurement Face-to-face
Lead Engineer Battery Cell and Module | R1 R&D Face-to-face
Supply Chain Management Project L1 Logistics Face-to-face
Engineer
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Logistics Programs & Operations L2 Logistics Face-to-face
Manager (2 occasions)
Vehicle Hardware Battery Design & R2 R&D Face-to-face
Testing

SQM Structure/Interior S3 SQM Video

SQM Exterior/Chassis S4 SQM Video

3.5 Data Analysis

When analyzing qualitative data, Bell et al. (2019) highlight the value of thematic
analysis, which involves identifying and interpreting themes and patterns across a
dataset. Patterns can be found through repetitions, similarities and differences, or
theory-related content. However, Bell et al. (2019) note that a pattern alone is not
always enough to define a theme, as its relevance to the research questions is what
determines its significance.

In this study, analyzing data was done using thematic analysis on the transcribed
interview data. The first step involved manually extracting the key findings from
transcriptions with the purpose of clarifying the data. Thereafter the qualitative data
was derived into categories using thematic coding to identify reoccurring codes and
themes, as seen in Table 6.

Table 6 — Examples of how Thematic Analysis was Performed

Quote Code Theme
“It would make more sense if it would be more .
" Automation
automated.
“... it could be made smarter if the different systems IT System
communicated with each other. If they would, we Back-end
would not need to manually update and go through the Connectivity

status ourselves”

The APQP application we are not looking into at all | System Access

would say”

“... as a buyer here, we are not traveling a lot. So, most

of the guys here just see contracts or presentations, . Involvement
. . ; o Supplier

but you're not going in the suppliers to see how it's Interaction

working in the process. So, this is the thing, it's missing
a lot here.”
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3.6 Research Quality

When considering the quality of qualitative research, (Bell et al., 2019) propose the
four principles of credibility, transferability, dependability, and confirmability. This
research took accountability for each of them in ways that are motivated separately
below and summarized in Table 7.

The use of credibility applies to addressing how well the findings reflect participants
perspective in research, which is particularly important when multiple interpretations
of the same social reality exist Bell et al. (2019). According to Bell et al. (2019) it
connects to qualitative research due to its subjective characteristics which often
entail more than one correct answer. Thus, the trustworthiness of the research
becomes reliant on the degree of accuracy that has been taken by the researchers to
interpret the words of its participants. In this research transparency of interviews has
been assured using digital tools to aid the process of documentation. Using voice-
recording during the interviews has contributed to preserving detailed wording of
what each participant has expressed while also benefiting the probing quality through
active listening. After the interview, an Al-based voice transcription tool ensured fast
and accurate documentation. The transcripts were then manually reviewed to
address any errors made with the Al-tool. As the tool marked timestamps it allowed
for a smooth process of proactively reviewing interview material to fully comprehend
the participants' results.

The transferability of qualitative research aims at discussing the depth and detailed
insight that the research gives to a certain context. Bell et al. (2019) highlight
Geertz’s concept of “thick description”, which entails providing rich and detailed
descriptions of cultural or social settings of the context, to support transferability and
allow readers to determine whether findings may apply to other contexts. As this
research is built upon a company-specific setting it may prove difficult to execute a
similar approach in another setting. However, by adopting the consideration of thick
description, this research has aimed to provide a rich and detailed description of the
organization and the contextual settings including processes and structures.
Additionally, throughout the research, direct employee quotations have primarily
been used to enrich and support the contextual depth of the descriptions.

Ensuring that research findings reflect the data and not the researchers’ personal
beliefs is important for the confirmability of the research. As research may struggle to
adopt full objectivity it necessitates transparency and grounded evidence that
motivates the decisions taken throughout research (Bell et al., 2019). For
confirmability the documentation of transcribed material retained a detailed structure
to not lose the original content. Thus, the master documents used for further coding
themes consisted of detailed summarized documents for each interview capturing
key statements, insights, and citations. Further validating the results using the key
informants has helped to strengthen an unbiased perspective and trustworthy
findings.

By staying consistent in the research process, it ensures the readers of a stable,
traceable, and repeatable approach, enhancing its dependability. Having a well-
thought-out choice of research method, adapted to the organizational settings, has
ensured that the research could be followed with consistency and in chronological
order. From the perspective of dependability, it is however necessary to enlighten
that this research took advantage of probing to derive parts of the key findings. Thus,
an attempt to repeat this approach may not prove to be effective due to probing
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quality relying on the ability of the researcher. As Yin (2014) suggests, a case study
design serves as an effective method for research but links to the researcher's ability.

Table 7 — The Four Research Quality Principles and Their Contextual Application

Criteria Definition

Application in the Research

Refers to how
accurately the
researcher interprets
participants' meanings
and experiences (Bell
et al., 2019).

Credibility

Voice-recording of interviews to capture
accurate expressions.

Use of Al transcription tool for fast and
precise documentation.

Manual review of transcripts for error
correction.

Timestamps allowed efficient cross-
checking and in-depth understanding

Regards whether
findings can apply to
Transferability | other contexts.
Supported by thick
description (Bell,
2019).

Detailed contextual descriptions of the
organization, its processes, and
structures.

Rich insight into the setting allows
readers to assess applicability
elsewhere.

Focuses on ensuring
findings are shaped by
the data and not
researcher bias (Bell
et al., 2019)

Confirmability

Structured documentation of
transcribed material.

Summarized documents with key
insights, quotes, and statements.
Validation of findings with the
supervisor to ensure unbiased results.

Refers to the stability
and consistency of the
research process (Yin,
2014).

Dependability

Methodical and chronological research
approach.

Adaptation to the organizational
context.

Probing techniques contributed to
insights but are dependent on
researcher skill.

3.6.1 Use of Generative Al

In writing the paper, generative Al has been used to aid language, grammar and
sentencing. Using generative Al has allowed for ensuring better readability and flow
of the thesis. Throughout the usage, effort has been put into making sure that the
core information has not been lost and that all information stems from collected data,
and not from the language model.

3.7 Ethical Considerations

According to (Bell et al., 2019), the four ethical considerations a researcher is
expected to follow consist of avoidance of harm, obtaining informed consent,
protection of privacy through confidentiality, and preventing deception. In this
research, ethical practices were primarily focused on participants involved in data
collection as well as the protection of company-sensitive information. Prior to
conducting interviews, participants were informed about the purpose of the study and
asked consent to record the interview to ensure voluntary participation. Thereafter, to
prevent harming participants' identities, all data was anonymized before being used
in analysis or presented in the findings. To protect the company’s privacy, it has been
anonymized in this report and sensitive data has been excluded.
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4. Empirical Results

The findings of this study are divided into two parts. The first part describes how
APQP and PPAP are applied at the OEM through information gained during
interviews, document studies and from key informants. The second part builds upon
information gained from the interviews as well as the key informants and focuses on
the challenges and improvement areas of the current processes.

4.1 Part I: APQP and PPAP at the OEM

In this section, APQP and PPAP will be presented in the context of the OEM.
Through describing the overall structure, processes, IT system, employee- and
supplier responsibilities, company-specific insight is presented. According to several
SQM employees, PPAP is considered a subprocess to APQP since several tasks
performed in APQP also regard PPAP elements. Therefore, findings regarding APQP
are presented first, followed by PPAP and lastly the relation between the two.

4.1.1 APQP

APQP is seen as a planning process that takes a holistic view on quality assurance
through incorporating the perspective of several stakeholders, one SQM employee
expressed. This viewpoint was also stated by an SQM manager who further
emphasized that APQP is foundationally a standardized work approach that enables
company certification. Several interviewees highlighted that the internal APQP
process is adapted from another OEM which the company is an affiliate of. Today,
the company generally applies two approaches to APQP — digitally driven or driven
through excel. In an interview with an R&D employee, this was exemplified as the
individual used excel for conducting APQP. The digital approach involves using an
internal APQP application, which is used by both employees and suppliers.

4.1.1.1 The Digital APQP Application

As a tool for standardizing the use of APQP, the OEM has adapted an application.
Consistent with the OEM’s APQP process, the digital application also follows the
design principles established by the affiliate OEM. In this application, both employees
and suppliers can keep track of the APQP progress, allowing for documentation,
commenting and checking off finished tasks. According to a solution architect, the
application itself is connected to the overall system architecture that stores order and
product information, allowing for automatic information transfer. The application
incorporates the OEM'’s approach to APQP, encompassing maturity levels over
phases and deliverables for further structuring.

4.1.1.2 From Phases to Maturity Levels

Instead of using the five general APQP phases as defined by AIAG, the company
divides the project into maturity levels. Each of these maturity levels encompasses
the completion of a milestone, allowing the project to be divided into measurable
checkpoints. The purpose of having checkpoints is to allow for a gated process, in
which completion of prior levels is needed to progress. In the planning phase of
APQP, the supplier and OEM decide upon the timing of each checkpoint, meaning
when it should be completed. As some of the phases encompass the creation of a
prototype either to validate tooling or geometry, there are also set deadlines for when
materials are required at the build site to enable prototyping.

4.1.1.3 Deliverables

While APQP is divided into maturity levels, the maturity levels are divided into
deliverables, as conceptually seen in Figure 6. A deliverable can be seen as a task or
procedure that needs to be performed to satisfy the related milestone. Since APQP is
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a general framework that is applied regardless of whether a screw or car seat is
developed, the extent of applicable deliverables varies between components,
according to an SQM employee. Therefore, the planning phase of APQP includes
deciding what deliverables are applicable. One aspect that varies the extent of APQP
deliverables is whether the component has appearance requirements, such as a
steering wheel. These components have more requirements as their appearance
needs to be tested and approved, encompassing further deliverables. Furthermore,
as PPAP is treated as a subprocess of APQP, some deliverables are explicitly
designed to support the validation of PPAP elements, particularly in later maturity
levels.

APQP . . . Start of
start Maturity Maturity Maturity Production
level 1 level 2 level 3

Deliverable 1, ..., x Deliverable 1, ..., x Deliverable 1, ..., x Deliverable 1, ..., x

Figure 6 — General lllustration of Maturity Levels and Deliverables

4.1.1.4 Supplier Responsibility

A general understanding of supplier responsibility is that while suppliers are
responsible for conducting testing, planning production, and verifying capacity, the
OEM is tasked with verifying that these activities meet performance expectations.
Furthermore, suppliers are responsible for ensuring that sub-suppliers also follow the
OEM’s guidelines. The degree of supplier responsibility varies depending on the
specific component. As an SQM manager explained, the responsibility for conducting
tasks such as DFMEA is determined by design ownership. When the design is
created in-house, the OEM assumes responsibility for design-related deliverables.
Conversely, if the design is owned by the supplier, it is the supplier who must fulfill
the corresponding deliverables. Furthermore, the supplier assigns a cross-functional
team, where a supplier lead is responsible for communicating and documenting
performance and compliance towards the OEM.

4.1.1.5 The Responsibility of Functions

From an internal perspective, the four functions directly involved in APQP are
logistics, procurement, R&D, and SQM. Although APQP is a cross-functional process
in which various departments work together to ensure overall performance, the
deliverables are formally assigned to specific functions. The ownership of these
deliverables depends on both the maturity level and the type of component, which
necessitates a formal handover between functions when ownership changes. In the
APQP application, this handover is visually represented by a green mark that signals
completion. According to an SQM employee, the involvement of functions towards
APQP can be divided into three levels, where SQM and R&D make up level one,
logistics level two and procurement level three. Using these levels as a guide, the
presentation of functions will be made bottom-up, from least involvement to most.

As validated by a buyer, the involvement of procurement is limited. Initially, the buyer
sets up the contract with the supplier which encompasses “... the contract between
us and the supplier, where we have the volume, the design, the prices, everything, all
the different guidelines” (P1). In line with this, an SQM employee and another buyer
highlighted that buyers are more involved in the initial phase of APQP. According to
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one buyer, the most vital deliverables of procurement are regarding purchase orders
(PO) and tool orders. “The main inputs requested in the APQP for the buyer is
regarding POs. Are the POs out? Yes, no. Is the agreement signed? Yes, no. And
that's pretty much it” (P2). As the OEM invests in the required tooling of suppliers,
buyers are responsible for ensuring that suppliers are eligible to get paid. In addition
to contracts, purchase orders and tool orders, buyers are involved in resolving issues
with suppliers. “So offen when there is a problem, when there is something to
highlight, to escalate, then the buyer is involved and is supporting.” (P2).

The logistics function is responsible for the packaging and transportation of
components, as explained by a logistics manager and verified by an SQM engineer.
According to a logistics manager, the extent to which the logistics function is involved
in APQP is smaller than stated in the internal documentation, because the supplier
logistics assurance (SLA) function is outsourced. According to an SQM engineer
when discussing the involvement of logistics: “from an APQP perspective we require
that the packaging is approved, tested and complete. That there is nothing wrong
with it and that the product that is delivered will not be damaged. This, they (logistics)
need to assure in some way” (S2). A logistics manager explained that there are two
types of packaging that they manage - standard packaging concerning pallets and
boxes, and special packaging concerning other solutions. In collaboration with part
suppliers, logistics discuss possible packaging solutions: “...and then we send that
these are the sizes available, and then we discuss this with the supplier, and they
come with a suggestion” (L2). Further, the manager states that the supplier lead is
responsible for documenting information in the APQP application, as they are
responsible for sending packaging instructions.

According to an SQM employee, Research and Development (R&D) are responsible
for the component/part. As further added by an R&D employee, the extent to which
R&D is involved depends on the component ownership. If the supplier owns the
design, they are responsible for most of the deliverables, such as DFMEA. According
to two R&D employees, the conducting of APQP varies depending on the supplier
and SQM employee. Overall, both employees highlighted that their approach to
APQP is reactive, and that SQM is driving progress. In the early phases of APQP,
R&D ensures amongst other things that the component will fit. At a later stage, R&D
are responsible for design changes made to the component. As explained by one
employee: “.. we can make the design as fancy and extreme as we want. But if it's
not cost efficient, then it's not going to fly” (R1). Furthermore, R&D are involved in
resolving quality issues with the supplier, such as deviating performance values.

As highlighted by several employees and verified by internal documentation, the
division of SQM is most involved in APQP. As described by one employee, SQM are
responsible for the manufacturing site of the suppliers, ensuring that it is ready to
produce the products that R&D are responsible for. Looking at the combined
deliverable ownership of R&D and SQM, it can be concluded that these two functions
collectively own most of them and that SQM are assigned to more deliverables than
R&D. Furthermore, some tasks owned by other functions are performed in
collaboration with SQM employees. Examples of these are packaging evaluation,
tooling orders and escalations. In addition to a large deliverable ownership, SQM are
responsible for conducting cross-functional APQP meetings together with employees
and suppliers, to ensure that questions and problems are resolved. In Table 8, an
overview of the responsibilities per function is presented.
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Table 8 — Summary of Responsibilities in APQP per Function

Function Involvement Gene_ra_l_ Additional responsibilities
level responsibility
The supplier Ensuring progress
SQM 1 manufacturing g prog ’ .
olant conducting APQP meetings
Main collaborator of SQM,
R&D 1 The component | ensuring component quality
and design
Supporting the other
Procurement 3 Contracts and functions, helping with
orders .
escalations
Packaging and Supporting SQM
Logistics 2 transportation pporting = "
communication with SLA
of components

4.1.2 PPAP

Currently, the OEM ensures compliance with AIAG guidelines by following the
standardized PPAP approach, which is considered mandatory due to regulatory
necessity. Since the theoretical foundation of PPAP has already been outlined in the
theoretical framework, this subsection focuses on how PPAP is implemented and
interpreted in practice at the OEM. Initial discussion will follow how the OEM
structures the PPAP phases and how it is incorporated in the system. Thereafter
involvement will be discussed, seen from the supplier and from the cross-functional
departments. Finally, the relationship between PPAP and APQP will explain how the
OEM views these two processes.

4.1.2.1 PPAP Phases

The OEM currently structures the PPAP process into three defined phases - Quality
Verification, Production Verification and Capacity Verification, using a framework like
the phased PPAP of (Ford, 2002). Prior to the first phase, the OEM performs a R@R
audit which is commonly done independently by the SQM. From the R@R the OEM
selects produced parts to be reviewed and tested for sequential phase approval.
Additionally, if suppliers use multiple production lines to produce a part, the second
phase is further divided into two sub-phases to clarify the timelines for readiness. For
such cases the first sub-phase addresses the requirements of the main production
line, while the latter sub-phase ensures the alignment of all production lines. The
OEM incorporates the PPAP elements according to the standard, complementing it
with company and part-specific documents that aim to maintain agreement between
the OEM and the supplier. Throughout the phases, PPAP elements are progressively
addressed where completion of each phase comprises a submission that requires
certain elements to be fulfilled before passing to the next phase. The submission
level of readiness is either level 3 or 5 but varies with part complexity and criticality,
and between suppliers. The last submission level comprises the Part Submission
Warrant (PSW), which requires completion of all elements as well as on-site auditing,
and serves a legal document and formal approval of the part.

4.1.2.2 PPAP Application

To formally track and report PPAP progress, employees use the OEM’s in-house
PPAP application. The application is shared between suppliers and the OEM with
intended use for suppliers to input PPAP related information that may be validated by
the OEM to ensure alignment of established requirements and timelines.
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The application is structured for each project where every unique part has its own
subfolder. For each part the main element is the official PSW document. Further it
contains a checklist of the PPAP elements which encompasses sub-criteria for each
element, allowing the supplier to upload documents and update the progress of the
PPAP on a detailed level. Moreover, additional information in the PPAP application
includes team member information and part-specific information from attachments,
that is filled in throughout the PPAP process.

4.1.2.3 Supplier Involvement in PPAP

The supplier involvement in PPAP primarily centers on reporting to the OEM as the
process progresses. For each of the suppliers, the supplier lead is normally selected
to be responsible for reporting. This role will be engaged with the OEM on a frequent
basis through mail and meetings. The supplier is also responsible for reporting on
certain PPAP dates in the PPAP application and complying with OEM requirements,
which may include verifying that sub-supplier processes meet the OEM requirement
and quality standards.

4.1.2.3 Functional involvement in PPAP

The employee’s involvement in PPAP varies between the functions. Least
involvement is seen in the function of logistics who consider themselves to not be
involved in PPAP.

Employees at procurement state that daily activities have an impact on the PPAP
results where responsibility includes ensuring reactivity from supplier and follow up
on errands such as when an issue requires escalation. However, it is noted that their
involvement comes indirectly through daily interaction with the SQM who has an
overview of the PPAP progress, and contacts procurement when support is needed.
Thus, both procurement interviewees confirm no interaction with the PPAP
application.

Within the respective functions of R&D and SQM, PPAP involvement is notably
higher, with formal responsibility for the 18 core PPAP elements currently divided
between the two based on the nature of the deliverable which is either process-
oriented or design-oriented. Elements that occur in the earlier phases, typically more
design-oriented, are primarily led by R&D, while those in the later stages fall under
the responsibility of SQM. According to an R&D employee, their function are heavily
involved in PPAP during the first phase. However, the employee claims that
ownership of PPAP progression and its gates belongs to SQM, where R&D’s role is
to support them. Validation from SQM confirms their high involvement in PPAP. As
the process progresses, it is also noted that SQM gradually takes over responsibility
for the completed PPAP elements initially led by R&D which helps the process if any
backtracking is needed.

4.1.2.4 The relation of APQP & PPAP

Currently, the OEM has a vision of using APQP as an independent, full-scale, cross-
functional process that leads to the Part Submission Warrant (PSW), as emphasized
by interviewee S1. As part of this, compliance with PPAP is met by integrating PPAP
elements into the APQP deliverables. This approach positions PPAP as a
subprocess of APQP where the criteria for each PPAP element is gradually
completed by one or more deliverables as the APQP milestones progress. However,
PPAP and APQP are currently handled through two separate applications. This setup
stems from the fact that APQP was originally adopted from the affiliate OEM, while
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PPAP was developed internally. At this point, no effort has been made to integrate
them. Additionally, the legal requirements tied to PSW further mean that PPAP is
handled in a distinct document so that it may be handled as a final approval
document.

Figure 7 provides an illustration of how APQP and PPAP correlate in timing. As
intended by the OEM, APQP should be the main process for industrialization of a
product where PPAP is a parallel subprocess. Thus, the APQP events are used to
set timing of the PPAP phases. However, the illustration only provides a figurative
depiction meaning that accuracy and ratios of the illustration do not depict a
representation of the OEM’s actual processes.

APQP . ) ) Start of
start Maturity Maturity Maturity Production

level 1 level 2 level 3

Deliverable 1, ..., x Deliverable 1, ..., x Deliverable 1, ..., x Deliverable 1, ..., X

PPAP
start
R@R  Quality Production Capacity
verification verification verification

Figure 7 — General lllustration of APQP and PPAP Correlation

4.2 Part Il: Identified Challenges

This section presents the findings gathered from key informants and interviews
regarding the current challenges that exist in APQP and PPAP. To provide a
coherent structuring, the results are presented by their codes and themes as
exemplified in the method chapter.

4.2.1 1T System

The theme of IT System encompasses findings that can be connected to the digital
applications connected to APQP and PPAP. As defined in Part |, there is one
separate application for each process, with the APQP application being an
adaptation of an affiliate OEM’s, and the PPAP application developed in-house.
While the IT System at hand encompasses several applications and functions, these
results regard only the APQP and PPAP applications. According to several
employees, there are improvements that could be made to these applications. Two
SQM employees emphasized that today the APQP application is more of a checklist,
because “You only put in information, but you never get anything out of value except
a status update” (S2). Furthermore, there are some hiccups in the system as
explained by an R&D employee and a buyer. The R&D employee stated that in the
PPAP application there is a possibility of adding deviations that affect the PPAP
progress. However, accidental deviations inserted by suppliers cannot be deleted,
“So we'll have a bit of noise in the system. So, we'll have items that we think we need
to follow up on because they're rejected, but we can ignore them because they
should be deleted.” (R1). The buyer highlighted the importance of ensuring accurate
data across the applications, such as supplier identification codes. In one case, the
supplier identification code was not aligned with the contractual identification, leading

28



to difficulties with payment. In line with these hiccups, one SQM employee
highlighted the importance of eliminating the human factor through focusing on IT
system development.

In addition to these specific inputs, three reoccurring subthemes were identified
throughout the interviews. Employees who use the applications for both APQP and
PPAP expressed the need for back-end connectivity, allowing data to be transferred
between the applications automatically. Employees who do not use the applications
highlighted that the company is currently undergoing a digital transition, leading to
uncertainties in their future involvement in APQP and PPAP. Also, several
employees identified the general need for automation to decrease the time spent on
non-value adding tasks.

4.2.1.1 A Contemporary Digital Transition
As highlighted by a procurement employee, the digital system of APQP is not entirely
in place for all regions. Currently, employees in Europe generally use the APQP
application while employees in Asia use excel, as validated by SQM engineers in
both regions. As highlighted by one procurement employee:
“.. right now we don't have a system. So it's hard to keep track of all of that
and to have the complete, because we should have a system where you
could see, you click on the part number, you have the drawings available, and
then you click on the same part number and you have the price available and
the price history, and then you click on that part number and you see all the
quality, history about it, and then you can link it to the tooling, so you could
see the team, when was it produced, when was it purchased, what is the life
cycle. That should be all in one document, in one big system where you can
have access to that” (P1).
Several employees mentioned that the plan is to set up the system for all regions,
and that this is under development. According to another procurement employee,
there are uncertainties in how this new system will work, and what role procurement
employees will play. In moving towards using the APQP application, one employee in
Asia expressed: “Then SQM can just you know, just check all the deliverables by real
time in the system. So that's very good. But now currently we are still using the offline
excel sheet to track on all the APQP deliverables” (S3). The in-house built PPAP
application is utilized by all regions of the OEM and has recently been introduced,
leading to differences in how employees work with it, as mentioned by both
procurement employees.

4.2.1.2 Need for Back-end Connectivity

In the transition towards being more digitally driven, several employees have
expressed the need for making the applications more integrated. According to an
SQM employee, the systems today are isolated, which leads to an abundance of
input. As expressed by the employee: “Reaching PSW requires handling outside of
the APQP system. So, PSW is today an application outside of APQP in which you
need to add documents which are already in APQP” (S1). Additionally, another SQM
employee added that having back-end connectivity would give better proof whether
deliverables have been performed or not. In the current state, deliverables may be
done and uploaded in the APQP application, but not in the corresponding location in
the PPAP application. According to several SQM employees, the main flow of
information should be from the APQP application to the PPAP application. One
suggested approach for this was that whenever a deliverable is marked as finished in
the APQP application, the corresponding PPAP element should be marked finished
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as well. From an IT perspective, this connection is feasible: “If is pretty much
possible. We haven't received any specific requirement for that. That's why so far
they are alone. From the IT perspective, there are already APIs built to enable the
connection.” (D1).

4.2.1.3 Automation to Decrease Manual Interference
As a compliment to ensuring back-end connectivity, employees discussed the need
for automation as a remedy against the burden of administrative work. The solution
architect working with developing the applications of APQP and PPAP highlighted
that to complement the connectivity, further automation is needed:
“..the analysis or the object point should be very clear. And integration, okay,
I'll bring it to PPAP, but what do you want me to do after bringing that
information to PPAP? Is it just to display, or should it have any instructions? If
it is below a particular level, should it trigger a mail? If mail is triggered, what
should happen? Someone should respond? Okay, if there is no response,
what should happen? So, those are the things we need to know” (D1).
In line with this reasoning, the architect highlighted the importance of having a
seamless and automatic system, where SQM employees ideally only need to validate
the performance of suppliers. Furthermore, both R&D and procurement employees
emphasized the importance of automation. One R&D employee pinpointed the
importance of automatic communication or triggers, in line with the reasoning of the
solution architect. Ensuring visibility of updates would aid employees in knowing what
has been done and what action needs to be taken, whether it regards chasing
suppliers or uploading documents. Further, the employee mentioned the problem of
not having an automated system: “If it is a system and it's decoupled from your
emails, you can forget. Simple human nature” (R1). This view is also expressed by
an SQM employee, who emphasized that there should be triggers connected to the
input of a user since the tools are cross-functional.

4.2.2 Cross-functionality

Both APQP and PPAP are cross-functional processes, as highlighted by several
employees. According to one SQM employee, the way of internally collaborating with
employees and conducting component development depends on the region, the
component and the employee. Generally, employees are expected to have “APQP
meetings” at regular intervals, where deliverable progress is discussed with
suppliers, and issues can be resolved. These meetings are SQM driven, and the
extent to which other employees are involved varies. According to SQM employees,
logistics employees are only involved for critical issues, leading to logistics-related
issues of smaller scale resolved outside of meetings. Furthermore, R&D employees
should preferably be involved as they have a central part, but do not always
participate. This can lead to additional work when SQM employees need to follow up
with R&D employees afterwards, as explained by an SQM employee. Regarding the
involvement of buyers, one employee stated “/ think we are not involved enough in a
way that we cannot prioritize all the meetings. | think at the APQP meeting slot, | am
double or triple booked on a weekly basis.” (P1). While there are routines for
communicating whether employees need to be involved in the meeting or not, one
SQM employee expressed the need for better structuring these meetings.

While the APQP meetings as well as other reoccurring meetings are used to ensure
progress and issue resolving, employees expressed further improvements in working
cross-functionally. As said by one SQM employee, people need to work less in silos
and more cross-functionally. Furthermore, another SQM employee highlighted that

30



employees do not always know what items they should follow up on, emphasizing
that there are uncertainties in task ownership. These issues highlight two key sub-
themes - variations in task ownership and the need for improving internal
collaboration.

4.2.2.1 Variations in Task Ownership

As expressed by several employees, the ownership of tasks related to both APQP
and PPAP varies in practice, despite the internal documentation stating the
responsibilities per function. For instance, one SQM employee highlighted that a
logistics-related deliverable was assigned to them even though a logistics employee
performs it, as validated by a logistics employee. Further, both SQM and R&D
employees highlighted production-related deliverables that are assigned to R&D in
theory but performed by SQM in practice. Also, one logistics employee expressed
several similar deliverables that were assigned to them but performed by SQM
employees. As a result, employees are not always sure what their tasks are, leading
SQM employees to bear the responsibility of leading other functions’ work. As
expressed by one R&D employee, their way of working was reactive due to waiting
for guidance from SQM. On the contrary, one logistics employee highlighted that
some R&D employees are very ambitious, which is both good and bad. According to
the employee, some R&D employees take ownership of a broad range of tasks due
to a strong will to create a good product. This is problematic as it may lead to
discrepancies: “They (R&D) have taken documents from 2014 and sent them to the
suppliers. They are not valid at all, but they think that it is a good start. It is a nice
ambition, but they do not have to do that” (L2).

In addition to the broader variations in task ownership, there are also variations in
task ownership related to digital applications. When information is not put into the
applications, the next function must do the work, as expressed by a logistics
employee. The employee discussed an example of where the part-weight was not
added by R&D, leading to the logistic employee having to do extra work. Although
this information is not directly input in the APQP or PPAP application, it is used by
them. Further, employees discussed that SQM employees are mostly responsible for
adding information to digital applications. One procurement employee expressed that
SQM asks for information from procurement and adds it to the application. According
to them, this is a challenge because buyers follow the same milestones and timeline
as SQM.

4.2.2.2 Improvement in Internal Collaboration

In line with the statement of the SQM manager, there is a need to improve the
internal collaboration. As highlighted by a solution architect that works closely with
SQM, there is a gap between SQM and R&D concerning design reworkings: “We can
start with 1 and we are ending up at 10 (designs). And what happened? | thought we
were at 3. No, no, we are at 10 now. Maybe 15 before we end this year as well. So it
shouldn't be like that” (D1). When these design changes are not communicated
internally, it requires extra resources to realign APQP and PPAP efforts. Further, one
logistics employee expressed the need for increased collaboration with SQM to
increase mutual understanding: “Why would it not work to put this (component) in a
box? Because then it will be scuffed. Yes, now that | can see it in real life |
understand it” (L2). Today, logistics only communicates with SQM when something
shows up, such as resolving issues or clarifying APQP deliverables. As expressed by
both logistics’ employees and SQM employees, the main reason for this is that the
OEM has a slim organization, leading to prioritization.
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4.2.3 Involvement

In connection with the two themes of /T System and Cross-functionality, the theme of
Involvement concerns the degree to which employees are involved in processes,
meetings and interactions. Several employees have mentioned that their involvement
in APQP and PPAP are limited at times, and that SQM employees are involved to the
highest extent. As explained by one SQM employee, the degree of involvement is not
always obvious for the different functions, more specifically logistics and
procurement. Although the general attitude is that everyone wants to help, this
uncertainty leads to lacking participation in meetings: “At first, they may participate in
a start-up phase. But then they realize that... Oh, | only have one item, I'll manage it
offline and then | can do something else” (S2). When discussing PPAP, one buyer
expressed that their involvement is quite limited outside of formalities: “If you ask me
the buyer roles here, it's really focused on the contracts... But it's not really with the
process, supplier, production or how they're doing this. Of course, | think it's, | miss it
this.” (P2). Furthermore, as expressed by both procurement and R&D employees,
system access is not in place for all functions. While this is partly due to regional
differences in working with APQP and PPAP, some system access goes through
SQM: “We don't use the system directly. So if | need to use anything by the system,
I'm talking with SQM about the component and then they verify how we do that. So
we're not going directly to APQP system to use” (P2). As added by another buyer,
there are perceived benefits in being involved in the system. In discussing system
involvement: “/ think it would be more, not one person driving it, it's one person
driving it, but then asking you to upload information or give your inputs” (P1).

Based on these findings, the two subthemes of system involvement and increased
interaction have been denoted, which are further presented below.

4.2.3.1 Need for System Involvement

As SQM are the process owners, the extent to which other functions use the digital
applications is dependent on the usage patterns of the corresponding SQM
employee. However, a general expression of employees was that their involvement
in the system is limited. As said by a logistics manager: “The APQP application we
are not looking into at all | would say” (L2). One buyer highlighted that they have
access to the PPAP application, however they rarely use it. As further expressed by
an SQM employee, buyers are often stressed for information as they have no central
way of communicating, emphasizing the need for system involvement. Additionally,
one R&D employee discussed that using excel as today is not ideal, and being
involved in the digital system would be beneficial for ensuring transparency and
collectively keeping track of progress.

4.2.3.2 Increased Interaction

Several logistics and procurement employees expressed the need for increased
interaction, mainly with suppliers. One buyer highlighted the importance of seeing
product samples and process lines instead of presentations, videos and photos:
“Because actually, of course, as you see, as a buyer here, we are not traveling a lot.
So, most of the guys here, we just see contracts or presentations, but you're not
going in the suppliers to see how it's working in the process. So, this is the thing, it's
missing a lot here” (P2). Also, the buyer added that for any kind of PPAP approval,
buyers should ideally be together with SQM to make it. In line with this, another buyer
claimed that the best setup for auditing at the manufacturing plant is to bring R&D,
SQM, buyers and cost engineers. However, both employees underlined that today
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this is not always possible due to time constraints, prioritization and costs. A remedy
for this, as explained by one buyer, would be to have more interactions with
processes and suppliers overall. If buyers were more involved in seeing the
processes, they could find gaps and improvements that could lead to cost reductions.
Further, a logistics manager added that visiting the manufacturing plants and talking
to employees would be beneficial: “.. it would have been an investment that would
pay off, instead of sitting in front of a screen and relying on mail. You can solve a lot
of things remotely, but some things are fantastic to see in real life” (L2). The manager
further emphasized that being on-site to talk with employees and suppliers can help
with mutual understanding, preventing issue resolving down the line.

4.2.4 Knowledge

The theme of Knowledge encompasses the level of understanding across functions
regarding APQP and PPAP. Several employees mention significant challenges
related to the interpretation and usage of deliverables. For instance, R&D employees
described the deliverables as sometimes too vaguely defined in the excel
documentation. These descriptions typically outline what is generally expected but
fail to guide the reader on how to act. This becomes especially problematic in
milestone meetings, where the lack of understanding leads to uncertainties in
responsibilities. According to one R&D employee, there is no value in strictly
checking deliverables if they do not state what to do. In their case, they know what
needs to be done regardless, because they have been working with APQP for
several years. The employee highlighted that it works in his case, but a new person
may struggle to understand how to perform their tasks and instead wait for another
employee to push them. As further highlighted by a logistics manager, the overlap
between responsibilities requires too much knowledge from employees as they do
tasks outside of their domain. In their case, this presents itself when SQM employees
one handedly does both SQM and logistics auditing: “It’s great that you have a basic
understanding, but it’s hard to require all colleagues to know it, like running water
too” (L2).

One SQM employee noted that colleagues at other functions do not always know
what to follow up on, mainly due to a lack of understanding: “The process, I think, it's
not published so clear to all the employees, And also, they also didn't follow with this
document. The training is not enough.” (S4). As expressed by the employee, further
training is needed. However, the training format needs to consider that the SQM
division is significantly smaller than the R&D division. Hence, the employee suggests
that training for R&D should have a supporting management team to assist with this.
As expressed by another SQM employee, internal training has been performed for
PPAP. However, due to a lack of time prior to the launch of their new project, APQP
training was never performed. Further, the employee emphasizes that knowledge
regarding APQP is more important than PPAP, as many APQP tasks serve as input
to PPAP.

An overall statement of one SQM employee was that currently, there is a big
knowledge gap in what APQP and PPAP mean. Some people believe that a finished
PPAP product never breaks, which according to the employee is not the case. While
PPAP is a quality assurance process that minimizes the risk of failure, the employee
states: “... it does not mean that we have captured all possible errors that can
happen. In reality we have maybe captured 99% of the errors, but there is 1% that
can slip through. And when that happens, we plug that hole so to speak” (S2).
Further, the SQM employee expressed the belief that this internal lack of knowledge
is due to information unavailability, as was also mentioned by another SQM
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employee. However, the bottom line of this gap is that: “If they (employees) had
access to information in the beginning, in an early phase, we would not have the
problems that exist right now. It is a pretty easy problem to solve” (S2).

4.2.5 Ways of Working

In line with the previous themes, Ways of Working captures challenges related to
how APQP and PPAP activities are executed in practice. As highlighted by an SQM
engineer and a logistics employee, the fact that the APQP process is adapted from
an affiliate OEM leads to several gaps. As mentioned by the logistics employee, the
functions of the OEM work a bit different from the affiliate, meaning that their ways of
working are not applicable. Further, they highlighted that the timing of the milestones
is not applicable. The same ideas were expressed by the SQM employee, who
further added that better tailoring towards the company is needed. To exemplify this,
the employee emphasized the need to revise the specific requirements put towards
suppliers (see PPAP element 17). As a result of this, combined with the fact that the
contemporary APQP process is rather new for the company, there is a big difference
in how people conduct it. An additional reason for this, according to an SQM
employee, is that APQP has a certain flexibility of bypassing routines, meaning that
tasks not necessary for PPAP completion can be skipped. While this may aid those
that understand the process, it may have a negative effect on those who don’t. Due
to this inherent flexibility, sometimes employees focus more on PPAP than APQP, as
PPAP is the formal requirement. As further explained by the employee, this approach
provides the risk of missing critical steps which need to be taken later, requiring both
time and cost. The best practice as explained by them is: “...I would like that APQP is
the only tool you work in, cross-functionally, and when you are done you get the end
product, PSW” (S1). In line with this discussion, several SQM employees have
emphasized the need for increased efficiency in the ways of working. As expressed
by one employee using excel during APQP: “You know, normally we have a lot of
tasks, a lot of deliverables, so we sometimes we will miss (tasks)” (S3). Thus, the two
identified sub-themes of Ways of Working are standardization and efficiency, which
are further presented below.

4.2.5.1 Need for Standardization

In discussing the improvement potential of APQP, one SQM employee expressed:
“The disadvantage is that the tool is not used in the most optimal way. Partly
because we have general guidelines, but there are still highs and lows. Maybe it
needs to be specified more in detail” (S2). Furthermore, the employee emphasized
the importance of rigorously doing tasks in both APQP in PPAP. Otherwise, things
may look good in documentation, but bad in real life. On the topic of documentation,
one logistics employee highlighted the importance of ensuring that relevant data is
communicated and centrally documented. As an example, the employee discussed
cases where R&D employees have properly done their tasks in practice but have not
updated the documentation. When there are gaps in the documentation, the logistics
employee highlighted the need for either finding the necessary information
themselves or working without the full picture. As expressed by an R&D employee,
the current approach to APQP is pursuing daily tasks without formally following
deliverables, because many deliverables of APQP are incorporated into their day-to-
day work. While the employee states that there are several different approaches of
R&D employees, their approach is reactive, as not being contacted by SQM
employees can lead to the assumption that all is going well. Another R&D employee
problematized the usage of conducting APQP through an excel sheet, stating: "we’re
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going by what we have on the Excel sheet and any new items we might want to
raise. So there is a risk of missing, of missing tasks that you need to do for each
gate” (R1). While the excel sheets can be used for tracking progress, this isolated
documentation leads to a lack of transparency, and difficulties in backtracking.

4.2.5.2 Potential for Increased Efficiency

As expressed by several SQM employees, there is a need to make the processes
more efficient, mainly concerning APQP. According to one employee: “APQP is
definitely a very, very good tool and | think as | mentioned. We need to make it more
efficient’ (S3). According to an SQM employee, the biggest pain point of APQP is
that today there are many deliverables, leading to much administrative work.
Consequently, this makes APQP too heavy to apply at times. As further added by
another SQM employee “... | would think that it (APQP) is a bit too comprehensive.
Some things could be slimmed down” (S2). As mentioned by the employees, the
main aspect of making APQP more efficient lies in cutting and streamlining the
number of tasks/deliverables that are performed.

4.2.5.2.1 Deliverable Cutting

From asking employees who pursue deliverables connected to APQP, it was
concluded that the total number of deliverables could be decreased by 8%, up to
15% if considering less confident cuts. Some of these cuts, as explained by an R&D
employee, are due to the iterative nature of certain deliverables, which are
progressively refined throughout the industrialization process. In one example, the
employee noted that a deliverable could be removed because, in practice, it is not
completed at the point in time specified by the documentation, but rather at a later
stage. Further, one logistics employee stated that some deliverables are simply not
performed, and therefore should not be used, emphasizing the need to make the
deliverables fit reality. This was further expressed by an SQM employee who stated
possibly redundant deliverables that are not performed, often due to their timing or
feasibility. Further, several employees expressed the potential of cutting deliverables
that are not directly related to APQP but encompasses checking surrounding
processes such as quality issue resolving. An example of this, as explained by an
SQM employee, are two deliverables connected to making sure that digital ordering
is properly set up between the supplier and company.

4.2.6 Project Management

Project management captures the key findings in the areas of project planning,
coordination and how follow-up of activities are carried out across the departments.
From interviewees the challenges in practice concerned planning consistency,
escalation paths and the balance of time, quality, and cost. The following chapter has
been divided into three sections which are presented below.

4.2.6.1 Incomplete gates

Although the APQP structure is meant to support a disciplined, gated project
approach, employees note that sticking strictly to the gate structure doesn'’t always
happen in practice. Logistic employees described some challenges in keeping the
project structure and rigor intact, where plans are sometimes adapted more flexibly,
which can compromise the intended phase. One suggests that time constraints
associated with a fast-paced market introduction may affect the completion of
phases: “They never really complete the development phase. They go straight into
production start.” (L1). The employee links this with challenges such as moving
forward before all project phases are finalized and notes: “Why move on from one
gate if the prior ones haven’t been completed?” (L1). Furthermore, the employee
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specifically identifies the verification process as a critical point of incompletion. From
an SQM employee it is also said: “ You can fill in a good APQP. But if you haven’t
done the technical work... then it looks good on paper, but it’s bad in reality” (S2).

4.2.6.2 Compliance with project tasks

Another logistics employee also expressed the importance of verifying processes and
working proactively to address incomplete tasks rather than postponing them. The
employee suggests that repetitive postponing of tasks connects to the general issue
of lack of discipline, to which they add “It’s really bad to do very little in the beginning
and then a lot at the end. But that’s exactly what we do. And we have a hard time
respecting deadlines” (L2). Further the employee highlights this to be a critical issue
in the organization as it does not only affect cost and resources but moreover affects
downstream processes. According to another the logistics interview (L1), there is a
tendency among operational staff to prioritize practical execution over formal
procedures such as KPIs and extensive work instructions, which are sometimes
perceived as obstacles to efficient day-to-day tasks. Further the employee describes
the feeling as: “The problem sometimes is that we’re building a highway, we’re laying
the ground, but when you look underneath, you can see through to the other side.
Because the foundation hasn’t been put in place" (L1). From another employee the
similar is expressed: “But it’s also the case that everything has to be slimmed down
and become a bit controlled. It gets quite... you could say it gets a bit intense. It’s like
we’re building the bridge while driving on it, in a way.” (L2).

4.2.6.3 Support in decision-making
Several functions express a need for additional support in decision-making beyond
the current cross functional team. Although the OEM has a designated launch
management function, employees noted that this team operates at an industrial level,
with focus on the overall vehicle industrialization process rather than on the
coordination of individual components. Due to this, it becomes a matter of escalating
component level issues to get support from the launch team. It is also suggested that
the geographical positioning of the launch organization may influence the team's
perspective, potentially leading to a narrower focus that does not fully reflect a
neutral or cross-functional viewpoint. Further, this current setup suggests challenges
in balancing the time needed at componential level vs aligning the vehicle
industrialization. As a logistic employee expressed:
“We don’t need to sit in the factory, but we should observe and coordinate
things—Iogistics, SQM, and the actual manufacturing side that builds the car.
A place where we can also come together with a common point of contact to
discuss issues that might need resolution somewhere. Where on the scale
should we land? Something that works really well for me might be really bad
for SQM—or the other way around. Someone needs to take a step back and
consider: what’s a reasonable balance for everyone? That’s a valuable
decision-making function” (L2).
Thus, while referring to the vehicle level the employee suggests that the cross
functional team would benefit from organizational support closer to operational
component level, in less critical decisions rather than having to escalate them.

4.2.7 Supplier

The supplier section discusses the relation between the OEM and its suppliers, seen
from the perspective of the OEM. From the interviews two main concerns were
identified: information sharing and experience. Information sharing concerns the
interactions mainly between suppliers of tier 1 and the OEM, that encompass all used
communication channels from digital systems to direct contact. Experience focuses
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on whether the suppliers have any previous experience working with the OEM, and
what impact this experience has on the success of that supplier relationship.

4.2.7.1 Information Sharing
A general issue expressed by employees concerns the way suppliers share
information, which tends to fall into two distinct behaviors: either the supplier is
unaware of their limited information sharing, or they are deliberately reluctant to
share information. In the prior case several employees notes that suppliers do not
understand what information is needed for the process, which requires the OEM to
guide the supplier on what information to share. As one notes: “We need to push
them and remind them..., most of the changes that are supplier-driven, we don't
have transparency that they are supplier-driven right now.” (R1). An SQM interview
pinpoint the same issue by highlighting the importance of early-stage information
sharing to avoid risks: “if we identify risks at the beginning we can discuss with the
cross-functional team and also the supplier to see if there is any backup plan or
corrective plan” (S4). In response employees emphasize the importance of clear
communication. An R&D employee notes the importance of clarification in making
suppliers understand deliverables. Meanwhile, a logistic employee emphasis clear
communication in response to the large quantities of information suppliers deals with:
“But if you're a supplier and dealing with tight prices, you might get a 500-
page purchasing contract full of fine print. From different departments,
different sections, different conditions. Even if you read it, | can guarantee
that by the time you reach page 470, you're pretty exhausted. So you don’t
really understand what you're reading anyway—roughly speaking.” (L2).
It is further elaborated by a buyer who claims that it is the OEM’s responsibility to
communicate clearly and not the supplier, as they are the one defining the
requirements.

In cases where suppliers are withholding information, this is often due to concerns of
confidentiality. The issue tends to increase when the supplier has ownership of the
product or process, as this can involve not only trade secrets but also legal
restrictions that prevent certain information from being shared outside the country. An
example of this is noted for supplier owned parts which requires the OEM to perform
DFMEA audits on-site as the supplier otherwise won’t share the information. An R&D
employee elaborated on the issue as:
”...the FMEA they showed us was very basic. They wanted to get through
with doing minimum work to just quickly satisfy us as a customer. We worked
with them a lot on their FMEA to make sure that what you see on screen and
what you read is understandable for anyone that comes into the room. It
shouldn't only be me that's seen it several times that understand what it
means. It should be a new person as well. It also means that their FMEA of
course needs to be detailed for the component, but it also needs to be
specific’ (R1).
Therefore, the employee highlighted a lack of clarity and specificity which not only
affect comprehensiveness among those present during the on-site audit but also
external stakeholders at the OEM who need the information. In response to this, the
employee emphasized the importance of thoroughly reviewing supplier documents to
reduce overall risks from informational gaps. However, such passive information
sharing might reflect a general approach as the same R&D employee said: “We work
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with the (battery) cell as a black box, which means that we are told limited
information about it...It's the industry standard” (R1).

4.2.7.2 Experience

When considering suppliers, it is repeatedly noted that experience is key for the
success of a supplier. According to a procurement employee, part of the experience
relates to practicalities where experienced suppliers are more successful in the
execution of process such as casting or molding. Further the employee said that
suppliers who carry previous experience working with the OEM has a better initial
understanding of the OEM’s unique requirements as well as processes and systems,
making the success less reliant on the OEM to communicate the expectations. In this
respect it is repeatedly noted by employees that experience not only encompass
previous work with the OEM but further applies to experience with the affiliate OEM
from which they share similarities in processes with. As one buyer tells: "So all
suppliers have to follow the company’s official guideline for quality. And then there is
a list of requirements... if they have worked with the affiliate, they know this list of
criteria.” (P1). As a result, these suppliers are more associated with accurate
monitoring and strict quality checks aligned with the OEM requirements which
according to the buyer may be the main reason that one supplier succeeds better
than another. In contrast it is also noticed that the initial phase of dealing with
inexperienced suppliers is seen as time consuming. As a buyer says “...you need to
take a lot of time to explain it, to teach them, and also if they make some claims, then
you answer again. So a lot of rounds of discussions” (P2).
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5. Analysis

In this section, the empirical findings are analyzed using the theoretical framework.
Primarily, the CMMI framework is used to structure and organize the analysis of key
gaps. However, rather than ranking the performance of each process area, CMMI is
applied to characterize maturity behaviors and aid in identifying potential actions.

The application of APQP and PPAP in supplier collaboration functions as a shift from
reactive inspection to proactive quality assurance. This transition enables earlier risk
identification and defect prevention, as highlighted by Attia (2024). Moreover, the
OEM’s approach of investing in supplier tooling as a performance incentive reflects
the use of strategic investment to drive supplier quality improvements, consistent with
findings by Lee & Li (2018). Finally, the inherently collaborative nature of APQP and
PPAP supports several practices recognized in literature, such as early supplier
involvement in product development (Noshad & Awasthi, 2015).

The process areas of Project Planning (PP), Integrated Project Management (IPM),
Organizational Process Definition (OPD) and Organizational Training (OT) fall under
two categories - project management (PP and IPM) and process management (OPD
and OT). When thematically analyzing the empirical findings, it was concluded that
these four areas would allow for nuanced analysis of the different aspects of APQP
and PPAP. While IPM and OPD were chosen due to their heavy correlation to cross-
functionality and process standardization, PP and OT were chosen to capture the
overarching management of the processes in terms of planning, execution and
knowledge management. Based on the empirical results, mapping was performed to
link the themes of challenges identified in the empirical to the process areas, as seen
in Table 9.

Table 9 — Mapping of Empirical Themes and Process Areas

Theme Code(s) Process Area(s)
IT System Back-End Connectivity, Digital Transition, OPD, IPM
Automation
Cross functionality Task Ownership, Internal collaboration PP, IPM
Involvement System Access, Supplier Interaction IPM
Knowledge Knowledge oT
Ways of Working Standardization, Efficiency OPD
Project Management | Project Management PP
Supplier Information Sharing, Experience OT, IPM

5.1 Project Planning

In CMMI, Project Planning (PP) means creating clear and realistic plans for how a
project will be carried out. This includes defining activities, setting deadlines,
allocating resources, identifying potential risks early, and making sure that activities
follow a logical sequence.

The process area of project planning captures the findings from the theme of project
management. The following section analyzes how deviation from APQP structure
occurs at the OEM, what drives them, and how they relate to trade-offs between
time, cost, and quality as conceptualized in the triple constraint theory (Adler, 2018).

5.1.1 Current state of PP

The OEM has implemented a formal planning structure through its APQP framework,
intended to guide development in a systematic, phased manner. However,
employees reveal that the model may be bypassed or applied inconsistently,
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especially under time pressure. Phases are sometimes advanced before the prior
ones are complete, resulting in incomplete deliverables and unresolved issues being
pushed forward. Moreover, misalignment in cross functional decisions is seen to
affect short-term prioritization which further indicates a need for support.

These deviations increase the risk of downstream rework, quality issues, and higher
project costs, demonstrating the practical tension of the Triple Constraint (Pollack et
al., 2018). While key planning elements are in place, the OEM would benefit from
reinforcing consistency and oversight of project planning. This would support
progress toward CMMI level two — managed, where processes are actively
controlled, and lay a foundation for eventually reaching level three — defined, where
planning becomes an integrated and institutionalized part of the development culture.

5.1.1.1 Project Management

As the interviewees indicated, execution sometimes deviates from the intended
structure, with activities occasionally progressing in a nonlinear manner and certain
tasks remaining incomplete. According to the Triple Constraint, time, cost, and quality
are interdependent, meaning that prioritizing one inevitably results in trade-offs with
the others (Pollack et al., 2018). In this case, the emphasis on rapid progress may
come at the expense of both lower quality and downstream cost to address the
quality issues.

From the quality perspective, a tradeoff is seen when phases progress prematurely,
leaving certain tasks incomplete. Based on a logistics employees’ observation about
new gates opening before prior ones are closed, the occurrence of phase
overlapping is seen, where downstream activities are initiated before upstream ones
are finalized. Orm & Jeunet (2018) emphasize that, while this approach may appear
to accelerate project progress, it increases the likelihood of rework and coordination
failures due to unstable or incomplete inputs. Further the incomplete progression is
noted when an employee suggests that documentation is filled in to look good on
paper rather than focusing on technical execution. Firstly, this approach may cause a
false sense of readiness if incomplete tasks are ticked off, which contradict FTR who
promotes preventative quality built in the execution (Kumar Singh et al., 2023).
Secondly, documenting tasks before thorough execution reflects an incorrect
approach to validation which disrupts the principle of the PDCA loop by undermining
the “Check” stage.

Following the compromised quality, risks can be seen to follow downstream in the
form of reassessing incomplete tasks. From a cost perspective it was noted by
several employees that issues emerging downstream tend to be significantly more
expensive to resolve. These reflections reveal a recurring pattern in which early-
phase shortcuts lead to resource-intensive problem-solving later in the project
lifecycle. As the timeline advances and unresolved quality issues accumulate, the
complexity and cost of addressing them increase substantially. This risk is illustrated
by Liao et al.’s (2020) project crashing curve which shows that accelerating project
activities beyond an optimal point lead to exponentially rising costs. Therefore, by
assuring upfront quality and ensuring disciplined phase completion, the OEM will be
able to avoid crossing this threshold and reduce risks related to high costs of
correction.

While the trade-off dilemma is clearly visible at the OEM, it may also be understood
as an unavoidable occurrence rather than simply a deviation from intended
procedures. Referring to Van Wyngaard et al. (2012) expression, “Good, fast, or
cheap? Pick two”, the trade-off between time, cost, and quality can be seen as an
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inevitable challenge that companies must manage. In this context, compromising on
certain process steps may serve as a necessary response to meet delivery goals
while still aiming to uphold quality elsewhere. This dilemma is reflected in the
statement about the APQP process at the project level: “They never really complete
the development phase. They go straight into production start” (L1). The comment
suggests that time-crashing is also influenced by top-down decisions, where the
pressure to meet program timelines reflects how progression is made. As a result,
time pressure influences planning and execution, where the early phases may
receive less focus, and much of the work is deferred to later stages.

The tendency to prioritize speed over structure also seems connected to limited
planning support. The interviewees suggested that coordination between functions
could be strengthened. As one logistics employee expressed: “Someone needs to
take a step back and consider: what’s a reasonable balance for everyone?” (L1).
While a launch management function does exist, it operates at a higher level and is
relatively distant from day-to-day operational challenges. Because escalation is
required to receive their support, it can be difficult to receive them in a timely manner,
when priorities clash or issues arise. This may discourage teams from seeking
guidance and further suggests a need for increasing organizational support, which
plays a critical role in balancing the triple constraints. According to Watanabe et al.
(2024), organizational support is not just an administrative function but a direct
moderator of how effectively teams can manage project complexity and tradeoffs.
Watanabe et al. (2024) claim that when such support is inaccessible or overly formal
it may lose its moderating power which at the OEM is reflected in reactive decision-
making and short-term prioritizing. This makes it harder to protect process quality or
ensure that earlier phases are truly complete before moving on. Thus, Watanabe et
al. (2024) argue for embedding organizational support at the operational environment
as it will not only facilitate cross functional alignment but also serves as a key in
timely intervention.

In summary, time pressure, limited planning support, and incomplete phase
execution illustrates the Triple Constraint dilemma the OEM is facing within the
development process. While some trade-offs may be necessary, the repeated
deferral of technical work and fragmented coordination suggest systemic
weaknesses rather than calculated decisions. These findings point to the critical role
of project planning and embedding organizational support to balance functional
priorities, reinforce preventive quality measures, and ensure disciplined project
progression. Strengthening this support closer to operations may serve not only as a
buffer against reactive decision-making but as a structural enabler of long-term
project success.

5.2 Integrated Project Management

According to CMMI, the ideal state of IPM encompasses clear definition of roles and
responsibilities, structured collaboration across functions, consistent engagement of
relevant stakeholders, and effective integration of supplier activities (Chrissis et al.,
2011). Strong IPM practices ensure that all parties, internal and external, are aligned
throughout the process of component industrialization, minimizing
misunderstandings, delays, and quality risks. For APQP and PPAP, this implies that
there are routines for collaboration, meetings and ownership regardless of whether
the component is complex or basic. Ensuring structured project management may
help with incorporating lessons learned, as an existing process can act as a
benchmark, in line with the “Check” and “Act” stages of PDCA, as explained by
Pietrzak & Paliszkiewicz (2015).
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The process area of IPM concerns cross-functional integration and coordination
across the organization and suppliers, as defined by Chrissis et al. (2011). Due to the
broad stakeholder focus, the process area is directly related to the empirical themes
of cross-functionality, involvement and supplier. Further, as the digital applications for
both APQP and PPAP are collaborative, the theme of IT system is related to IPM.

5.2.1 Current State of IPM

As expressed by several employees, the collaborative nature between stakeholders
faces high variability. Although the internal documentation provides an outline of
responsibilities and structures of meetings, it varies in practice. While some of these
variations are due to justifiable factors such as complicated components or suppliers,
there is a need to clarify these processes. Through clarification, most components
could be industrialized via APQP and PPAP using routine processes, which is what
capability levels two and three encompass (Chrissis et al., 2011). Further, the digital
applications for both APQP and PPAP is not entirely in place, with some employees
relying on excel for keeping track of progress. In the transition towards being more
digitally driven, several employees highlighted the need for understanding how to use
these applications, and what responsibilities they bear. Currently, there are
uncertainties in how information should be put into the system, and how the functions
of the applications can best be utilized. While there is an overarching need for
defining the role of the APQP and PPAP applications, SQM employees who currently
utilize both emphasized the need for back-end connectivity. Due to the APQP and
PPAP applications being disconnected, tasks need to be manually done in both,
sometimes leading to discrepancies and traceability difficulties.

5.2.1.1 Involvement

As described by Fonseca (2015), there are seven principles of ISO 9001:2015 used
to navigate complex environments and foster continuous improvement. Two of these,
Engagement of people and Relationship management, emphasize the importance of
involving individuals and managing interactions with relevant stakeholders to sustain
quality performance. From the interviews, it has been apparent that SQM employees
are largely driving APQP and PPAP together with suppliers, with the involvement of
logistics and procurement being limited at times. While supplier verification formally
lies with SQM, who must also ensure cross-functional contribution, the strong
interdependencies with other functions highlight a need to review the current
involvement structure. This aligns both with ISO 9001:2015’s principles of
Engagement of people and Relationship management, which call for active
involvement of all relevant stakeholders in key processes, and with CMMI’s IPM
goals, which mandate clearly defined, structured collaboration across functions to
manage interdependencies proactively (Chrissis et al., 2011; Fonseca, 2015).
Employees offered different perspectives on how and why involvement varies. While
an SQM employee expressed that buyers do not always participate in meetings due
to not seeing the value of their involvement, a buyer expressed that they cannot
always participate in meetings due to double bookings. Further, with the logistics
function being relatively slim, their meeting involvement mainly considers critical
issues as they cannot prioritize all questions. Also, both procurement and logistics
employees expressed a limited system involvement. While this can partly be
accustomed to the ongoing digital transition, these findings suggest that the role of
procurement and logistics in terms of system involvement needs to be considered.
As expressed by an SQM employee, buyers are often stressed by suppliers and
colleagues for information due to their information not being readily available. In line
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with this, the employee suggested that the effort of buyers could be decreased if their
information was made available in the IT system.

Beyond defining the roles of procurement and logistics, employees of both functions
said they wanted more hands-on engagement, seeing processes in action and
having them explained, alongside more direct interaction with suppliers. Employees
from both functions emphasized that a higher interaction would increase
understanding, thus increasing the quality of work. While a buyer expressed that
seeing actual processes and products would help in negotiation, a logistics employee
expressed that discussing with supplier's face to face greatly helps in mutual
understanding, especially on topics hard to communicate via mail. Visiting supplier
sites and understanding their processes is emphasized by Noshad & Awasthi (2015)
as important for improving buyer-supplier relationships. Although site visits are seen
as valuable, employees acknowledge they are often deprioritized due to time and
cost constraints. This prioritization could be related to the Triple Constraint, as
expressed by Pollack et al. (2018). In line with the framework, it could be argued that
employees see value in improving the quality of work over cutting costs, suggesting a
rebalancing of the three aspects. While employees expressed the desire for clearer
involvement, they also emphasized the need for increased cross-functional
collaboration.

5.2.1.2 Cross-functionality

Currently, there are variations in task ownership among R&D, logistics and
procurement employees. While the internal documentation clearly states the
deliverable ownership, practical implications lead to differing execution. With SQM
employees having internal control over APQP and PPAP documentation, and being
the closest supplier contact, they perform and verify several deliverables that are
assigned to other functions. According to Stamatis (2018), a success factor for APQP
is clearly defining roles and responsibilities, which highlights the need for clarifying
task ownership. While the current approach appears functionally acceptable, two
R&D employees expressed that they are more reactive than proactive, and one
logistics employee expressed that employees cannot be experts in all fields.
Consequently, when employees execute tasks outside their core responsibility, the
quality may not match that of the designated function. This reflects an ad hoc
approach typical of CMMI capability level one, where processes are performed but
not institutionalized (Chrissis et al., 2011). Without clear institutional ownership, task
execution relies on individual initiative, increasing variability and reducing the
likelihood of consistent quality outcomes.

As a complement to redefining task ownership, employees emphasized the need for
better alignment between functions. For instance, SQM employees mentioned a
misalignment with R&D where design changes are not communicated clearly and
timely, leading to extra workload. This mirrors challenges described by Oliva &
Watson (2011), where deficiencies in cross-functional coordination in supply chain
planning processes resulted in conflicting departmental priorities, and recurring
inefficiencies. Addressing foundational product changes in a timely manner is vital for
APQP and PPAP, as late changes may require redoing earlier development tasks.
Further, one R&D employee said that when working with excel-driven employees,
there is a lack of transparency both in backtracking progression and in understanding
where the information goes. As also expressed by a logistics employee, there is a
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desire to increase communication frequency with SQM. While these findings point to
a need for slightly aligning internal collaboration, they suggest a certain misalignment
with ISO/TS (IATF) 16949, which emphasizes both traceability and clear
communication channels (AIAG, 2003).

5.2.1.3 Supplier Integration

While APQP and PPAP are designed to facilitate structured collaboration between
the OEM and its suppliers, the findings reveal variation in how this collaboration is
realized. The success of such coordination depends not only on the complexity of the
product but also on the supplier’s familiarity with these frameworks. As Flynn & Flynn
(2005) note, collaboration is most effective when formalized and consistently applied,
a condition not uniformly present across supplier relationships. Interviewees
observed that experienced suppliers generally understand and follow APQP and
PPAP requirements, whereas newer or less familiar suppliers often need repeated
clarification. This suggests a gap in how expectations are communicated and
operationalized. Some suppliers lack familiarity with the OEM’s quality processes,
while others struggle to interpret the underlying intent of these frameworks or
underestimate their importance. As one SQM employee explained, there is
sometimes a perception that APQP is simply a documentation exercise: “So we need
to make sure suppliers, and the company are on the same page. To understand
about the APQP tool to let them know, OK, that's not only paperwork” (S3). This
reflects a deeper challenge, not just enforcing process compliance but cultivating
shared understanding of APQP and PPAP as active risk management and
coordination processes. Bai & Sarkis (2016) emphasize the importance of intangible,
knowledge-based collaboration, such as mutual understanding, communication, and
technical alignment, as essential for effective supplier engagement. In the absence of
institutionalized routines to support this, reliance on informal and reactive clarification
persists. While experienced suppliers may navigate these expectations through tacit
knowledge, others require more structured and consistent engagement. Without such
measures, the planning potential of APQP and PPAP is diminished.

Achieving shared understanding relies not only on clarifying expectations but also on
enabling timely and transparent information exchange, a key element of collaborative
practices as emphasized by Attia (2024). However, R&D employees noted that this
can be difficult to achieve in practice, particularly when working with supplier-owned
designs. In such cases, suppliers may hesitate to share detailed information,
especially regarding risk-related documentation, which reflects challenges also
identified by Lee & Li (2018). While this is partly due to trade secrets, it is also that
the laws of some countries regulate the extent to which information can be shared.
As expressed by one R&D employee, this may prove problematic when suppliers are
not allowed to extensively disclose material contents, leading to difficulties in
traceability. Concerning trade secrets, suppliers sometimes only present FMEAs on-
site, leading to difficulties in sharing the findings with the rest of the organization.
While these constraints are understandable from a legal and business perspective,
they can contribute to a fragmented understanding within the OEM and reduce the
organization's ability to proactively manage risk. This viewpoint is also stated by Attia
(2024), who further adds that information sharing should be accompanied by aligning
goals, ensuring both risk mitigation and cost reduction.
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While these challenges suggest further formalizing supplier integration, they also
highlight the need for a structured and clear digital infrastructure. Currently, the use
of the APQP and PPAP applications does not fully merge with the ways suppliers
understand and conduct their daily operations. Ensuring a compatible and
computerized information system with suppliers helps assess performance and
progression, as defined by (Chin et al., 2006).

5.2.1.4 The Role of APQP and PPAP Applications

The applications for APQP and PPAP are intended to serve as collaborative
processes for tracking progression, ensuring transparency, and supporting cross-
functional alignment. As per CMMI capability level three, the usage of such tools
should be routine and institutionalized, while remaining flexible enough to address a
wide range of variations (Chrissis et al., 2011). However, the empirical findings
suggest that the current use of these applications remains ad hoc, with different
approaches to documentation, varying levels of involvement, and diverse usage
practices across functions. Employees from both R&D and procurement highlighted
the benefit of being included in these digital applications, enabling them to follow
progression and act proactively. Currently, SQM employees largely serve as
facilitators in the APQP application, inputting and extracting information on behalf of
other team members.

As several employees expressed, the consistent insertion of information is vital for
maintaining oversight of project status, which applies to both internal teams and
suppliers. Internally, failure to document progress and performance effectively can
result in redundant or corrective work by other functions. Externally, missing
documentation may prevent the OEM from accurately assessing the supplier's
readiness and progress. Chin et al. (2006) emphasize that traceability, performance
monitoring, and coordinated technology use are essential components of SQM. The
current documentation practices, however, are fragmented. Information overlap
between the APQP and PPAP applications must be manually duplicated, which
introduces the risk of inconsistency and hindered traceability.

SQM employees, who routinely use both applications, pointed out the need for
improved back-end connectivity. Enabling information entered in the APQP
application to transfer automatically to the PPAP application would reduce
administrative overhead and enhance transparency both internally and externally.
This need aligns with ISO/TS (IATF) 16949, which emphasizes traceability,
documentation control, and structured information exchange (AIAG, 2003).

5.3 Organizational Process Definition

According to CMMI, the ideal state of OPD entails the availability and consistent use
of organizational process assets that are tailored to project needs. These assets
should be clear, accessible, and regularly updated to reflect lessons learned and
process improvements. Well-defined and institutionalized processes serve as a
common reference point for all functions, enabling shared understanding and
predictable execution. For APQP and PPAP, this means that documentation such as
checklists, templates, and standard work should be readily available and reflect
actual working practices. A structured approach to defining and maintaining these
resources can support understanding and continuous improvement. Moreover, the
ability to use existing processes as benchmarks allows for more effective
incorporation of lessons learned and promotes alignment across projects and
regions.
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The process area of OPD focuses on the development and maintenance of
organizational process assets that guide consistent and effective project execution
(Chrissis et al., 2011). This includes the definition of procedures and work
instructions that support quality, repeatability, and knowledge transfer across
projects. In the context of APQP and PPAP, OPD is directly related to the theme
ways of working. Furthermore, as key information is maintained and communicated
partly through digital tools, the theme of IT system is also connected.

5.3.1 Current State of OPD

While there are documents on how to conduct both APQP and PPAP, several
employees highlighted that there are practical variations. In line with the IPM
analysis, there are justifiable reasons for these variations, such as difficult suppliers
or complicated components. Also, since APQP and PPAP are used whether
industrializing a battery pack or a seat, all deliverables and elements are not
applicable, leading to varying requirements on a project basis. However, in the
current state, there are indications that the OEM would benefit from further
standardizing their ways of working, making documentation reflect practice in line
with CMMI capability levels two and three (Chrissis et al., 2011). As expressed by an
SQM manager, employees sometimes take shortcuts in APQP because it is seen
mainly as a guideline, while PPAP is the formal requirement. While this can partly be
attributed to the need for clarifying APQP procedures, it can also be attributed to the
need for making APQP more efficient. Currently, APQP is sometimes too heavy to
apply, as expressed by several SQM employees. Further, in moving towards a
digitally driven organization, there is a need for standardizing the usage of the APQP
and PPAP applications, ensuring that a best practice can be formed and maintained.

5.3.1.1 Ways of Working

When discussing the execution of APQP and PPAP, several employees highlighted
that there are differences in how people approach them. As APQP is the more
flexible process, people sometimes go straight towards PPAP, as expressed by an
SQM manager. This approach may lead to missing critical tasks which have to be
done later, requiring both time and cost. The notion of structurally following a project
to decrease rework can be linked to the FTR principle, which emphasizes higher
accountability and rigor in early development (Poppendieck, 2002). Since several
tasks performed in APQP reflect PPAP elements, the benefit of approaching APQP
prior to PPAP is clear. Also, ensuring an organization-wide approach to APQP and
PPAP as per CMMI suggests the usage of a standardized approach (Chrissis et al.,
2011). With some employees using excel for APQP and others using the application,
it is hard to ensure a standardized approach. Therefore, aligning all employees with
the digital applications would help close the gap between the different ways of
working. Since several employees utilizing excel expressed a positive attitude
towards being more digitally driven, this could be seen as a natural step: “You know,
they (suppliers) just need to fill in the system. Then SQM can just check all the
deliverables in real time in the system. So that's very good’ (S3).

As expressed by both SQM and logistics employees, the current APQP process is
based on an affiliate OEM’s, leading to an approach that does not entirely fit the
OEM: “We are different companies with different conditions and so forth. So, some of
the questions are maybe not suitable for us” (S2). While using an established
structure provides a valuable foundation, there is a need to further adjust and refine
the process to better reflect the OEM’s specific conditions. This is consistent with
AIAG’s guidelines, which recognize that APQP is not a rigid framework but one that
should be adapted to the organization’s product, processes, and operational context
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to ensure effective quality planning and risk mitigation (AIAG, 2008). As further
emphasized by the same employee, it is important to have a good approach for
managing deviations and always ensuring gradual improvement, emphasizing the
importance of standardization and continuous improvement. This aligns with the
principles outlined in ISO/TS (IATF) 16949, which highlight the need for organizations
to establish structured processes that both ensure conformity and promote continual
refinement of the quality management system (AIAG, 2003).

Due to the different organizational setups between the affiliate and the company, the
deliverables in APQP are not executed the same. Generally, it was noted that all
deliverables are not always performed, either due to redundance or an unclear
purpose. Further, it was noted that deliverables are not always performed when the
documentation states that they should be, indicating different approaches to timing.
In line with the higher capability levels of OPD, ensuring documented processes that
align with practice is vital, highlighting the importance of tailoring deliverables
(Chrissis et al., 2011). For deliverables that represent iterative refinements of the
same task, one R&D employee expressed that later stages are sometimes prioritized
over prior stages due to formal requirements, compromising its compound
effectiveness. This reflects a misalignment between formal documentation
checkpoints and the logical flow of development work, suggesting a need to revisit
the sequencing and integration of such tasks. In line with this, several employees
highlighted the need to make APQP more efficient by reducing the number of
deliverables through cutting and combining, as well as adjusting their placement in
the project timeline.

From discussing the outlook of decreasing the number of deliverables and
restructuring them, it was concluded that approximately 8 —15% of the current
deliverables can be cut. However, it is important to note that the attitudes of the
different employees varied. While one SQM employee saw several confident cuts
that could be made, another SQM employee was not as confident that the number
could be reduced. Further, one R&D employee stated that deliverables not directly
connected to APQP, such as deliverables surrounding outside processes, could be
cut. In contrast, one SQM employee stated that while these deliverables are not vital
for APQP itself, they are important for keeping track of sub-process progression.
Thus, these findings suggest it is possible to alter the current deliverables. However,
for full-scale refinement, more information is needed. While the usage of APQP and
PPAP generally could benefit from clearer guidelines and procedures, the move
towards using APQP digitally also encompasses ensuring defined processes
regarding the digital applications.

5.3.1.2 Usage of APQP and PPAP Applications

As expressed by a logistics employee, “To understand quality it should be measured”
(L1), emphasizing the importance of properly documenting progress. In discussing
the usage of digital applications, several employees expressed the importance of
creating and maintaining documentation practices. Due to non-standardized ways of
working, employees sometimes do tasks without thoroughly documenting them,
leading to uncertainties among cross-functional teams. Further, when suppliers do
not upload files such as control plans, or follow proper date formatting, this creates
uncertainties in the project. Moving toward higher CMMI capability levels calls for
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these documentation routines to become institutionalized, ensuring consistency and
traceability across teams and systems (Chrissis et al., 2011).

Establishing clearer expectations for documentation also aligns with the ISO
9001:2015 principle of Evidence-based decision-making, which highlights the role of
accurate records in maintaining control and supporting continuous improvement
(Fonseca, 2015). Defining how deliverables should be recorded in the systems, both
internally and by suppliers, could help reduce ambiguity, promote accountability, and
strengthen collaboration between functions. In addition to documentation practices,
the way the digital system is currently structured also plays a role in creating
inefficiencies.

As the APQP and PPAP applications are currently disconnected, this adds further
complexity where employees and suppliers sometimes need to upload the same
documentation twice, once per application. While this can partly be addressed
through ensuring back-end connectivity, not all elements of APQP can currently
address PPAP approval. Thus, there is a need for further defining the practical
interplay between APQP and PPAP. As emphasized in AIAG’s APQP guidelines,
digital tools should be structured to reduce duplication and support clear
communication between process phases (AIAG, 2008). Clarifying how the systems
complement each other in practice would support more efficient workflows and
improve overall process alignment.

5.4 Organizational Training

From the CMMI definition of OT, it entails committing to structured training programs
with the goal of providing employees with sufficient resources in terms of knowledge
and skills so that everyone can successfully and effectively perform their role. At the
OEM this includes ensuring that the internal functions of SQM, logistics,
procurement, R&D as well as key suppliers, have a clear understanding of APQP
and PPAP, including their responsibilities, the timing of their involvement, and how to
carry out their tasks in alignment with process expectations.

5.4.1 Current State of OT

Based on the current APQP and PPAP training material, the OEM indicate a general
awareness of Organizational Training. However, several employees say that
deliverables are unclear and lack guidance on their role and timing, which suggest
that training is not yet fully role-specific or task-oriented. Learning tends to rely on
informal or non-standardized methods rather than structured onboarding or
standardized routines. While this works in smaller teams like SQM, it becomes
harder to manage in larger departments with more variation and turnover. Similar
patterns are seen among suppliers. Experienced suppliers adapt more easily, while
newer suppliers often require repeated clarification. When on-site presence isn't
possible, understanding drops, and there are few remote routines in place to fill that

gap.

These findings suggest that while efforts toward training are in place, the current
approach is still experience-based and dependent on functions. To align more closely
with CMMI level two expectations, where training should be planned, repeatable, and
tailored to functional roles (Chrissis et al., 2011), there is value in formalizing
onboarding routines and enabling more scalable knowledge transfer, both internally
and toward suppliers.
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5.4.1.1 Knowledge

A recurring theme from employees relates to understanding the intentions of APQP
and PPAP. While employees showed awareness of the processes mainly reflecting
the “what”, it is unclear to what extent they have understood the underlying
foundation of the framework including its purpose, logic and practical application -
being the “why” and “how”. For instance, this was noted by an SQM employee who
exemplified a type of misunderstanding when employees believe that PPAP
approved parts cannot fail. This misbelief represents a fundamental gap that PPAP is
a guarantee of quality when it is the documentation of risk reducing processes, which
illustrates the difference of “what” people think and “why” it exists. The “how” aspect
of this knowledge gap was also revealed in a comment from an R&D employee, who
described APQP deliverables as too vaguely defined to act on confidently. In the
discussion of a specific deliverable the employee stated: “I don’t really know exactly
what I'm supposed to do. It might just as well be something that SQM is supposed to
handle” (R2). Firstly, this indicates an insufficiency in actionable guidance where role
specific direction is absent. Secondly, it suggests a pattern of passive engagement
amongst employees, which is particularly noted in the functions of R&D, logistics,
and procurement, while SQM commonly maintains high understanding of processes
partly due to formal responsibility. As a result, SQM frequently carries an uneven
share of responsibility of other functions, which disrupt the cross-functional balance
intended by the APQP structure (Stamatis, 2018).

While the remark about deliverable unclarity may not reflect a critical issue among
experienced employees it was noted as more critical for those with less experience:
“... if you’ve been involved before, you know what the next step is without having to
look it up. But if you're new, it (quidelines) can be helpful’ (R2). In parallel, when
considering the current training material of APQP, it was noted that this was mainly
adopted and used in its original form from the affiliate OEM, while also being
fragmented rather than systematically cohesive. These findings indicates that the
APQP and PPAP training currently is non-standardized at the OEM where the
learning relies heavier on peer guidance than structured onboarding. One SQM
employee further confirms the need of more training among personnel, highlighting
the importance of structured to handle larger functions: “.. but for R&D, they have a
few hundred employees. It’s very hard to organize the workshop at the same time for
all the employees” (S4). This highlights a broader challenge in how knowledge is
managed and transferred at the OEM. Linderman et al. (2004) argue that effective
quality management should not only enforce compliance but actively support
knowledge creation within the organization. Drawing on Nonaka’s concept of
externalization (Linderman et al., 2004), knowledge creation involves articulating tacit
know-how to make it explicit, integrate it into collective systems, and continuously
refining it through experience. The current reliance on informal learning and peer
guidance may serve experienced staff but risks inconsistency and inefficiency for
newer employees. Without formal mechanisms to capture and standardize
experiential insights, the “how” and “why” behind process steps, knowledge remains
fragmented and dependent on individual actors. This undermines the potential of
APQP and PPAP as strategic processes for cross-functional alignment and
continuous improvement.

5.4.1.2 Supplier

A parallel observation was made regarding suppliers, where employees noted clear
performance differences between experienced and inexperienced suppliers. As
experienced suppliers appear to rely heavily on tacit knowledge gained through
previous collaborations and practical experience, these suppliers tend to anticipate
expectations and deliverables more effectively, even when formal APQP and PPAP
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instructions are unclear. Less experienced suppliers often require repeated
clarification, suggesting that they lack access to the same embedded know-how. This
points towards the OEM'’s reliance on experience over process clarity. While trust in
supplier familiarity can temporarily compensate for gaps in formal training or
documentation, it introduces risk when personnel or supplier relations change. To
ensure consistent performance across the supplier base, the OEM would benefit
from increasing intangible investments in terms of supplier knowledge. As
emphasized by Lee & Li (2018) and (Bai & Sarkis, 2016a), such intangible
investments could improve supplier capability, reduce dependency on individuals,
and support long-term quality performance.

In addition to inexperienced suppliers, another employee emphasized that physical
presence at the supplier site has an important role in establishing a mutual
understanding. Being on-site is seen as valuable not only for verifying processes,
but also, for enabling two-way communication and ensuring that both parties clearly
understand expectations. However, as such visits are limited due to

time and cost constraints, maintaining that level of alignment has become more
difficult. In the absence of physical presence, communication tends to be limited to
basic documentation such as pictures or short process descriptions. This finding
suggests a communication gap from less real time interaction in which the two-way
dynamic is affected. As Verhoeven (2023) pinpoints, the current standard
communication tools in the industry, such as email and disconnected software, do
not effectively support interactive engagement between parties. With this standard,
communication becomes delayed, hindering the flow of ideas and reducing clarity
(Verhoeven, 2023). While Verhoeven (2023) reinforces the strength of physical
presence, the limitation in onsite visits suggest a need for better digital channels.
Therefore, the findings highlight the need for developing standardized remote
training. By formalizing this support, the OEM can continue to build effective supplier
relationships even when direct contact is limited, reducing the reliance on informal
exchanges to fill knowledge gaps.

5.5 Summary of Analysis

As per the CMMI capability analysis, a set of key gaps have been identified for each
process area, as seen in Table 10. These key gaps are important to address in the
progression towards higher capability levels.

Table 10 — Identified Key Gaps Per Process Area

Category Process Area Gap(s)
_ . e (Gate compliance
Project Planning e A need for organizational support to the
Project cross functional team
Management Co .
Integrated Project . Amblgwtles in ta.sk. ownership
Management e Alignment of logistics and procurement
e Supplier integration
e Fragmented approaches to tracking
Organizational Process APQP
Definition e APQP deliverables not fully tailored
Process e Work standardization
Management

¢ Incomplete understanding of APQP and
PPAP

¢ Non-standardized training

e  Supplier training

Organizational Training
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5.5.1 Project Planning

Despite a structured planning model in place through APQP, several patterns
indicate that projects are not always executed according to plan. Two primary gaps
are observed.

5.5.1.1 Gate compliance

Project phases are sometimes advanced prematurely, before all relevant tasks,
particularly verification, are properly completed. In the pursuit of meeting tight
deadlines, including influence by top-down scheduling pressure, process discipline
tends to be compromised, and processes start to deviate from planning. This lowers
the rigor of execution and increases the risk of issues surfacing downstream, where
correction becomes significantly more costly. The result is an imbalance in the
project priorities, where emphasis on the time objective leads to trade-offs in both
quality and cost.

5.5.1.2 A need for organizational support to the cross functional team

The current cross functional team lacks sufficient support on component level to help
coordinating planning and decision making. While a launch management structure
exists, it operates at a distance from daily execution, thus making it difficult for the
teams to get timely guidance. As a result, there is an expressed need for a middle-
management role to support the cross-functional team by balancing
interdepartmental priorities, challenging premature phase progression, and
reinforcing process discipline.

5.5.2 Integrated Project Management

While several employees have expressed that the current collaborative efforts are
adequate to ensure APQP and PPAP progress, the findings point to a few gaps
between an ideal and the current state of IPM. In advancing between capability
levels, the OEM would benefit from ensuring an aligned, digital approach, where
roles and responsibilities are clear, both for employees and suppliers. Further,
addressing the involvement of procurement and logistics would aid in strengthening
cross-functional coordination. Lastly, ensuring increased supplier integration would
aid in getting a representative view of APQP and PPAP progression.

5.5.2.2 Ambiguities in Task Ownership

As expressed by several employees, and supported by internal documentation, there
are inherent gaps in task ownership for both APQP and PPAP (although mainly for
APQP). These gaps encompass that deliverables in APQP are performed by SQM
employees, although formally assigned to other functions. While this approach may
work in practice, it can lead to a heavy workload for SQMs, leading to varying quality
in deliverables. Further, when other functions are not sure what their formal
assignments are, they tend to be reactive towards SQM employees. Also, when the
roles surrounding the digital applications are not thoroughly defined, there is a risk of
inconsistencies and missing information. Ensuring a defined responsibility structure is
foundational for reaching the higher CMMI levels, indicating a need for prioritizing the
closing of this gap.

5.5.2.3 Alignment of Logistics and Procurement

Although the overarching involvement of logistics and procurement in APQP and
PPAP is limited, there is currently a gap in their alignment. Although they are not
directly involved in PPAP elements, their expertise has the potential of increasing the
quality of work through introducing further views. Further, increasing their
involvement both system- and interaction-wise would help with fostering better
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collaboration through employee engagement. While the current misalignment stems
from several factors such as resource prioritization, a slim logistics function and an
ongoing digital transition, CMMI level two emphasizes the engagement of relevant
stakeholders.

5.5.2.4 Supplier Integration

While the performance of suppliers mostly seems to depend on their experience, the
findings suggest that further integration would be beneficial. As both APQP and
PPAP are complex processes, encompassing thorough OEM-specific requirements,
it is vital to ensure continuous communication and clear expectations. Doing so
would aid the progression of IPM maturity and ensure better collaboration with
suppliers.

5.5.3 Organizational Process Definition

While foundational process documentation and templates exist for both APQP and
PPAP, the current organizational approach presents opportunities for strengthening
consistency, as the current ways of working often face variability because of
individual interpretations and preferences. To progress towards higher CMMI
capability levels, the OEM would benefit from refining and reinforcing how process
assets are defined, communicated, and applied across the organization.

5.5.3.1 Fragmented Approaches to Tracking APQP

Currently, there is not a unified way of working with APQP at the OEM. While
employees situated in Asia mainly use excel for tracking progress, employees in
Europe use an APQP application. Ensuring an organization-wide approach to
digitally tracking APQP would aid the OEM in reaching level two for OPD, as per
CMMI (Chrissis et al., 2011). In having a centralized approach, the OEM can ensure
a single source of truth and a benchmark from which other improvements can be
implemented.

5.56.3.2 APQP Deliverables not Fully Tailored

While the current structure of APQP deliverables provides a strong foundation for
ensuring traceability, there is an expressed need for further tailoring the deliverables
towards how the OEM works. In navigating the current deliverable structure, it was
apparent that not all deliverables are used today, and the deliverables that are used
could benefit from a refined description. In moving towards CMMI capability levels
two and three, ensuring documented APQP deliverables that correlate with practical
execution is a key action.

5.5.3.3 Work Standardization

Despite the varying nature of both APQP and PPAP, employees emphasized the
need for greater standardization across these processes. Clarifying the relationship
between the two would help teams understand how early APQP activities contribute
to PPAP outcomes. Additionally, establishing clear guidelines for documenting
progress and performance, conducting meetings, and managing project variability
would support the OEM in advancing its OPD capability.

5.5.4 Organizational Training

Although general awareness of APQP and PPAP exists across the organization,
training practices remain informal, and experience based. The following gaps reveal
the impact of this on internal performance and supplier collaboration.
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5.5.4.1 Incomplete understanding of APQP and PPAP

Employees show general awareness of APQP and PPAP but show signs of varying
understanding of the overall purpose, applications, and role-specific responsibilities.
The functions of R&D, logistics and procurement are significantly subject to this
variability. This gap of understanding results in not seeing the importance of APQP
and PPAP processes and further puts an imbalance to the APQP structure. As a
result, SQM are seen taking on a disproportionate responsibility, while remaining
functions sometimes become passive awaiting SQM to lead the processes.

5.5.4.2 Non-standardized training

While general APQP and PPAP training material exist, it is noted to be directly
adopted from the affiliate and further appear fragmented. Training is not seen highly
invested in today and experience plays a key role in success, which suggests that
training has not yet been standardized. Although this approach may work for smaller
functions like SQM, the approach raises difficulties in scaling for larger functions,
especially those inexperienced with the processes. This highlights the need for
higher standardization to align the understanding of APQP and PPAP and reduce the
gap of experienced and inexperienced personnel.

5.5.4.3 Supplier training

Supplier performance often depends on prior informal experience rather than clear,
structured onboarding. Less experienced suppliers require repeated clarification,
revealing a gap in formal training and consistent communication routines. As a lot of
expectations are put on suppliers, it is evident that they understand the expectations
from the start. This highlights the need to further invest in supplier training for a
deeper understanding of APQP and PPAP which may benefit the mutual
expectations.
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6. Discussion

This chapter reflects on the findings of the study in relation to both the theoretical
framework and the practical context explored throughout the thesis. The discussion
of theoretical implications highlights the study’s contribution to existing research,
while the managerial implications aim to address the identified challenges. Finally,
the limitations of the study are outlined along with suggestions for future research.

The aim of this study was to investigate how a global OEM utilizes APQP and PPAP
in component industrialization, with the purpose of identifying opportunities for
streamlining the use of these processes. By applying CMMI as a process maturity
framework, the study sought to identify key challenges and gaps in the current
practices. The research was guided by three questions: how the maturity of APQP
and PPAP can be evaluated using CMMI, what gaps influence their application, and
what actions can support the advancement of their process capability.

Building on the empirical findings, this study offers two overarching contributions of
broader relevance to the field of quality and operations management. First, it
provides an account of how APQP and PPAP are operationalized within a global
OEM, identifying key challenges related to cross-functional alignment, routinized
practices, system integration, and knowledge management, areas previously
emphasized as critical for sustained QM (Fonseca, 2015; Weckenmann et al., 2015).
Second, by applying a process maturity perspective, the study reinforces the
understanding of quality as an organizational capability rather than a technical
concern (Ebrahimi & Sadeghi, 2013; Hoyle, 2011). These contributions are further
developed in the following sections.

6.1 Theoretical Implications

This study contributes to research by positioning APQP and PPAP as an
interdependent framework for component industrialization, rather than as isolated
compliance processes. In this context, interdependent refers to the way in which
selected outputs from APQP are directly related to PPAP, establishing a functional
link between the two processes. By examining their collective application through the
lens of process maturity, the study extends theoretical understanding of how quality
management systems can be evaluated and developed with respect to cross-
functional collaboration, supplier integration, work standardization, and digital
enablement. Grounded in a case study at a global OEM, the findings contribute to
research on both APQP and PPAP. The notion advanced by Rocha & Salerno (2014)
that APQP can jeopardize product development if not applied consistently has been
both validated and expanded in this study. The findings confirm that inconsistent task
ownership, varied use of digital applications, and limited cross-functional coordination
contribute to rework, reduced transparency, and reactive decision-making. Moreover,
the study extends Rocha & Salerno’s (2014) claims by highlighting the importance of
formalizing both internal and external collaboration to support effective APQP
execution. In parallel, Gawlik et al. (2012) attribute PPAP-related issues to premature
approvals and a lack of understanding of the process and its verification logic. This
study builds on that insight by demonstrating how such deficiencies often correlate
with APQP challenges. In doing so, it underscores the need to approach APQP and
PPAP as a cohesive system shaped by organizational maturity and process
integration.

In applying the CMMI framework as defined by (Chrissis et al., 2011), this study

contributes to the broader field of business process maturity by demonstrating the
framework’s relevance beyond its original empirical application area, more

54



specifically in contexts outside the IT domain. It also reinforces the applicability of
CMMI in the context of SQM, as proposed by Ho et al. (2016), by showing how CMMI
can be used diagnostically to assess and guide the improvement of SQM processes.
This study illustrates how process areas such as Project Planning (PP), Integrated
Project Management (IPM), Organizational Process Definition (OPD) and
Organizational Training (OT) can inform the evaluation of APQP and PPAP practices,
thus underlining the value of using maturity frameworks not only for benchmarking
but also as structured guides for organizational improvement.

The theoretical SQM framework, incorporating inspection, investment, and
collaboration, shows several correlations with the findings on APQP and PPAP. Both
APQP and PPAP are intended to reduce reliance on physical inspection by
promoting structured buyer—supplier relationships, supported by supplier incentives
such as training and funding. These findings emphasize the importance of practices
such as intensive communication, investment in high-quality tooling, targeted
training, and the formalization of relationships (Flynn & Flynn, 2005; Lee & Li, 2018;
Noshad & Awasthi, 2015).

While PDCA forms the foundation of AIAG’s APQP structure (AIAG, 2008), this study
offers empirical observations of how its iterative logic is applied in practice. The
findings suggest that while planning and execution are generally embedded in APQP,
project follow-up is less consistently institutionalized. Although not a primary
theoretical focus, the study further touches on how delivery pressures can influence
the balance between quality assurance and project timelines, building upon the Triple
Constraint and FTR (Pollack et al., 2018; Poppendieck, 2002). These insights
contribute to quality management literature by illustrating how project management
and clear roles influence the effectiveness of quality management frameworks.

6.2 Managerial Implications

To address the gaps identified in the analysis, a set of actions and complementing
steps has been developed with the aim of enhancing the effectiveness and
integration of APQP and PPAP practices. These actions are grounded in the CMMI
framework and structured to support both immediate and strategic capability
development. While the actions are targeted toward distinct process areas, their
interdependence means that improvements in one area often generate positive
effects in others. For instance, clarifying APQP deliverables can not only enhance
individual understanding but also strengthen cross-functional alignment. Further, the
actions are structured based on their feasibility and implementation timeline,
categorized as either short-term or long-term.

The actions proposed in the following section are derived from the empirical findings
and subsequent analysis. While they are intended to address observed challenges
and gaps, they should not be interpreted as definitive solutions. Rather, they
represent contextually grounded suggestions that may support the continued
development of APQP and PPAP practices, primarily for the case company. As with
any improvement initiative, adaptation to organizational conditions and stakeholder
needs may be required prior to implementation. Actions have been categorized as
short- or long-term based on estimated resource requirements. Short-term actions
are considered feasible to implement using existing resources, whereas long-term
actions are expected to require additional resources and broader organizational
commitment.
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6.2.1 Short-term Actions

The short-term actions focus on addressing gaps that can be mitigated under the
current organizational structure through operational adjustments and clarification of
responsibilities. These actions are deemed feasible to implement within a limited
timeframe and are intended to provide immediate improvements in performance,
alignment, and system usability without requiring larger organizational changes or
resources.

Action 1: Ensure Digital Alignment

To ensure a consistent and structured approach to APQP, the OEM should align
under one common tool, minimizing the use of excel to track progress. This
alignment will enable better traceability, reduce variability in working methods, and
support process standardization across functions and regions. Since the APQP
application is already used by several SQM employees, it is assumed that this
implementation is feasible within a short time frame. In ensuring a unified approach, it
is important to further define digital responsibilities and conduct foundational training.

While the underlying process of conducting APQP is the same for the digital
application and excel, there is a need for specifying who is accountable for inserting,
reviewing and validating data at different project stages. This includes defining what
actions are expected from roles such as SQM, R&D, procurement and logistics to
ensure consistency.

Prior to requiring the usage of the APQP application, foundational training is needed
to support the baseline usage of the applications. This training should cover key
system functionalities, the user interface and collaboration practices. To aid the
short-term transition towards digital alignment, foundational training can be
completed initially, with in-depth training developed later.

Action 2: Redefine Task Ownership Using RACI Matrix

To ensure clear task ownership across cross-functional teams, the usage of a
Responsible, Accountable, Consulted and Informed (RACI) matrix is suggested. As
per Goos et al. (2012), a RACI matrix gives a clear overview of who performs the
work (R), who approves it (A), whose opinion is sought (C), and who should be
informed (l). Since suppliers usually perform tasks, the use of the R dimension will
generally not be applicable, ensuring easier assessment. Through workshops and/or
internal questionnaires, RACI matrices could be used both for APQP deliverables
and PPAP elements in line with Table 11.

Table 11 — Example of How a RACI Matrix Could be Used

Deliverable\ Role SQM R&D Procurement Logistics
1 A R C I
1.1 C C I A
2 C A I I

Action 3: Enhance gate discipline

Strengthen gate discipline by ensuring that gate reviews include more rigorous
validation requirements. Project phases should not advance unless all deliverables
are both formally completed and technically validated. Rather than relying solely on
documented status, the review process should include clear evidence of functional
readiness. This will help ensure that each project phase meets its intended quality
and maturity targets before moving forward, reducing the risk of late-stage issues,
unnecessary costs, and deviations from the APQP structure. This action may be
governed by SQM engineers who are currently seen as leading the APQP process.
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Action 4: Modular supplier training

Complement the supplier agreements with modular training material that sections out
critical information and expectations from the OEM based on gates. Training material
for each module can then be repeated on a frequent basis towards suppliers
throughout phases to reemphasize critical information. This approach will facilitate an
iterative learning curve amongst the new supplier to ensure faster and deeper
understanding of expectations without being perceived as an information overload.

6.2.2 Long-term Actions

The long-term actions focus on addressing structural and systemic improvements
that extend beyond immediate operational adjustments. These actions require
organizational alignment, resource planning, and structural reinforcement to ensure
sustainable improvement of APQP and PPAP maturity. While implementation may
span a longer timeframe, these initiatives aim to embed standardized practices,
strengthen cross-functional support, and formalize training and integration, ultimately
enhancing long-term efficiency and capability across the organization.

Action 1: Introduce Component Owner for Cross-Functional Support

To reduce the risk of issues being deferred to later phases, the OEM should
strengthen organizational support for managing cross-functional challenges. This
could be achieved by introducing a component owner as an additional support role
within the current team. The component owner would serve as an operational point of
contact, supporting cross-functional decision-making from a neutral perspective while
helping to maintain timeline alignment. In addition, the role would enhance the
escalation process by providing the cross-functional team with quicker responses to
emerging concerns. This would reduce the likelihood of postponing issues and, at the
same time, ease the burden on the launch management team by filtering out less
critical matters that could be addressed at the operational level.

Action 2: Address the Involvement of Buyers and Logistics

To strengthen the contribution of logistics and procurement employees in the
industrialization process, a formalized involvement structure should be established.
While their current engagement is often limited due to resource constraints and
prioritization, clearer and more consistent involvement would support smoother
cross-functional collaboration and reduce administrative overhead for SQM. If
increased participation in process or supplier interactions is not deemed feasible,
their involvement should instead be defined in a way that minimizes the need for their
continuous meeting presence while still ensuring that their input is captured.

In the transition toward fully digital APQP and PPAP workflows, it is essential that
both logistics and procurement employees are granted access to the relevant
applications. This would enable them to follow progression in real time, add
documentation, and provide comments where applicable. Increased visibility and
input capabilities would reduce the need for repeated clarification, ease the burden
on SQM to coordinate updates manually, and enhance traceability across functions.

Action 3: Function-Specific Training

Introduce role-specific training as a complement to current training material. This
training material should focus on deeper learning and understanding of deliverables,
expectations, and ownership for each function. The purpose of the role-specific
training is to clarify responsibilities for each role and support the employees in driving
the process forward actively.
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Action 4: Ensure Digital Connectivity Between APQP and PPAP Applications

In moving towards a digitally aligned SQM organization, ensuring an efficient system
that minimizes the impact of human error is important. Ensuring that the progression
of APQP deliverables is reflected in the PPAP application is a vital step towards
decreasing administrative work, increasing transparency and aiding a single source
of truth. To further improve system automation, the connectivity should be
complemented with triggers such as mail notifications.

When an APQP deliverable is checked and it has a corresponding PPAP element,
both should be marked as completed, and a trigger should notify relevant
stakeholders. These triggers could either be solely information-based (progress
updates), or action-based (prompts to act, such as upload documentation). Relevant
stakeholders could either be decided through a subscription-based setup, where
users subscribe to be notified of specific component progression, or through a
formalized setup, where a manager or SQM employee assigns these triggers

Action 5: Reduce Deliverables

To ensure better compliance in fulfiling APQP steps, the current deliverables should
be revised and optimized for higher relevance of deliverables. The aim should be to
reassess current deliverables together with the respective responsible functions to
distinguish between value filling tasks that are currently used and nonapplicable ones
that may be perceived as excessive documentation. While some deliverables might
be eliminated others might be reduced to reduce repetition. The revision of
deliverables should help the cross-functional team by increasing relevance and
thereby employee’s motivation to properly fulfill deliverables, which includes
committing both to practical procedure and documenting them in the digital system.

Action 6: Clarify Deliverable Descriptions

The deliverable descriptions should be rewritten for clarity and comprehensibility to
ensure that the reader know how to apply and proceed with the task. This would
promote active ownership of deliverables and reduce a passive work approach
especially among inexperienced employees who rely on task descriptions rather than
on prior experience.

Action 7: Formalize Continuous Improvement

In line with the two PDCA phases of “Check” and “Act” foundationally incorporated in
AIAG’s APQP model, the process of capturing best practices should be formalized.
As both APQP and PPAP are extensive processes, it could be beneficial to see the
value in gradual, small-scale improvement over large-scale restructuring. Whether it
regards continuously redefining deliverables or capturing knowledge, having a
routine for embedding these into the organization may prove valuable.

6.2.3 Summary of Suggested Actions

The suggested actions, without a defined order, have been summarized in Table 12.
Through these actions, an OEM may improve APQP and PPAP process maturity
towards higher CMMI capability levels (Chrissis et al., 2011).
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Table 12 — Summary of Recommended Actions

Time Frame Action Process Area
Ensure Digital Alignment IPM

Short-term Redefine Task Ownership Using RACI Matrix IPM, OPD
Enhance Gate Discipline PP
Modular Supplier Training oT
Introduce Component Owner for Cross-Functional pp
Support
Address the Involvement of Procurement and Logistics | IPM, PP
Function-Specific Training oT

Long-term Ensure Digital Connectivity Between APQP and PPAP IPM
Applications
Reduce Deliverables OPD
Clarify Deliverable Descriptions OPD
Formalize Continuous Improvement ALL

6.3 Limitations and Future Research

Since the study is based on a single OEM the findings are closely tied to this specific
context. While this case provides detailed insights into how APQP and PPAP are
applied in practice, it also limits the ability to generalize the results to other
organizations that may operate under different conditions or use other systems. The
company-specific nature of the findings should therefore be considered when
applying the insights beyond this setting. Moreover, as the OEM is currently
undergoing an organizational transition, the research was conducted under dynamic
circumstances. The ongoing changes, which affect both digital systems and the
structure surrounding APQP and PPAP, create a degree of uncertainty regarding the
long-term applicability of the findings. This transitional context may also influence the
trustworthiness of certain insights, as processes and roles described during
interviews may continue to evolve beyond the scope and duration of this study.

Another limitation of this study is that the supplier perspective of APQP and PPAP
was captured solely through the lens of the OEM. While this provided valuable insight
into how internal functions perceive and interact with suppliers, it does not fully reflect
the suppliers’ own experiences, challenges, or interpretations of the requirements.
The research has also had a prior focus on Tier 1 suppliers, meaning that the
perspectives and challenges of sub-suppliers remain unexplored. This internal and
Tier 1-focused perspective may overlook important dynamics and operational
barriers deeper in the supply chain. Thus, to build a more comprehensive
understanding the future research should directly engage with both Tier 1 suppliers
and sub-suppliers to explore how they experience the OEM’s expectations,
documentation demands, and processes. This would help validate the OEM’s internal
views and identify improvement opportunities from multiple perspectives.
Incorporating the supplier perspective could reveal misalignments between intended
and perceived requirements, uncover practical challenges in fulfilling APQP and
PPAP tasks, and highlight areas where communication, training, or system design
may require further refinement.

Additionally, for future research a broader perspective of APQP and PPAP should be
explored to cover the full perspective of industrialization seen at a project level rather
than limiting the scope to component level. While component level insight has given
this research depth, a wider scope would provide additional insight into the
necessary collaboration across the cross functional teams in industrializing a vehicle.
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7. Conclusion

This thesis set out to examine how a global OEM applies APQP and PPAP as part of
its SQM efforts. Using a case study approach supported by interviews, internal
documentation, and insights from key informants, the study identified challenges
encountered in these processes and the gaps between current practices and
formalized procedures. To structure the analysis, the CMMI framework was applied,
enabling a systematic assessment across four selected process areas: Project
Planning (PP), Integrated Project Management (IPM), Organizational Process
Definition (OPD), and Organizational Training (OT). These areas provided a focus
through which to explore core themes such as project execution, cross-functional
collaboration, work standardization, and knowledge.

The analysis revealed that while APQP and PPAP are formally established and
supported by digital tools, enabling effective component industrialization, their
application varies across functions and regions. Key challenges include variations in
task ownership, limited involvement from functions beyond SQM, and the absence of
a unified digital approach. Additionally, process execution often deviates from the
intended structure due to time pressure and constrained resources. When mapped to
the selected CMMI process areas, these issues highlighted specific gaps, including
the need to tailor APQP deliverables, improve knowledge transfer, and align system
usage across the organization. Addressing these areas presents an opportunity to
advance process maturity and foster a more consistent and efficient approach for
SQM.

This thesis contributes to the theoretical understanding of how maturity models such
as CMMI can be applied beyond their traditional domains in software and IT, offering
company-specific insights into SQM. By evaluating APQP and PPAP through the
CMMI framework, the study demonstrates how process maturity frameworks can be
leveraged to diagnose organizational performance in cross-functional, compliance-
driven contexts. In addition to presenting a structured approach for assessing quality
planning and approval processes, the findings reinforce the relevance of maturity-
based frameworks in quality and operations management research. This study
extends existing knowledge by showing how capability assessments can reveal
underlying gaps in complex frameworks such as APQP and PPAP, particularly in
relation to knowledge management, cross-functional collaboration, and process
standardization.

60



References
Adam, E. E., Corbett, L. M., Flores, B. E., Harrison, N. J., Lee, T. S., Rho, B.-H.,
Ribera, J., Samson, D., & Westbrook, R. (1997). An international study of quality

improvement approach and firm performance. International Journal of Operations &
Production Management, 17(9), 842—-873.

AIAG. (2003). ISO/TS 16949:2002 implementation guide. Automotive Industry Action
Group.

AIAG. (2006). Production part approval process (PPAP): Production part approval
process (PPAP) first edition. https://www.aiag.org

AIAG. (2008). Advanced product quality planning (APQP) and control plan:
Reference manual. Chrysler Corporation, Ford Motor Company, and General Motors
Corporation.

AIAG. (n.d.). Automotive Industry Action Group. Retrieved May 19, 2025, from
https://www.aiag.org

Attia, A. M. (2024). Vendor-buyer collaboration in supply chain management with
quality inspection on the buyer’s side. International Journal of Supply and Operations
Management, 11(3), 316-333. https://doi.org/10.22034/IJSOM.2024.110361.3076

Bai, C., & Sarkis, J. (2016). Supplier development investment strategies: A game
theoretic evaluation. Annals of Operations Research, 240(2), 583—615.
https://doi.org/10.1007/s10479-014-1737-9

Bell, E., Bryman, A., & Harley, B. (2019). Business research methods (5th ed.).
Oxford University Press.

Bowen, G. A. (2009). Document analysis as a qualitative research method.
Qualitative Research Journal, 9(2), 27—40. https://doi.org/10.3316/QRJ0902027

Burgess, P. R., Sunmola, F. T., & Wertheim-Heck, S. (2023). A review of supply
chain quality management practices in sustainable food networks. Heliyon, 9(11),
€21179. https://doi.org/10.1016/j.heliyon.2023.e21179

Chin, K. S., Yeung, I. K., & Pun, K. F. (2006). Development of an assessment system
for supplier quality management. International Journal of Quality & Reliability
Management, 23(7), 743—-765. https://doi.org/10.1108/02656710610679806

Chrissis, M. B., Konrad, M., & Shrum, S. (2011). CMMI for development: Guidelines
for process integration and product improvement (3rd ed.). Addison-Wesley.

CMMI Institute. (n.d.). CMMI Institute. Retrieved May 19, 2025, from
https://cmmiinstitute.com

Doshi, J. A., & Desai, D. A. (2016). Role of production part approval process in
continuous quality improvement and customer satisfaction. International Journal of
Engineering Research in Africa, 22, 174-183.
https://doi.org/10.4028/www.scientific.net/JERA.22.174

61



Ebrahimi, M., & Sadeghi, M. (2013). Quality management and performance: An
annotated review. International Journal of Production Research, 51(18), 5625-5643.
https://doi.org/10.1080/00207543.2013.793426

Ezrahovich, A. Y., Livshitz, I., & Lontsikh, P. A. (2017). In Proceedings of the 2017
IEEE Conference “Quality Management, Transport and Information Security,
Information Technologies” (IT & QM & IS). Saint Petersburg Electrotechnical
University “LETI.”

Flynn, B. B., & Flynn, E. J. (2005). Synergies between supply chain management
and quality management: Emerging implications. International Journal of Production
Research, 43(16), 3421-3436. https://doi.org/10.1080/00207540500118076

Fonseca, L. (2015). ISO 9001 quality management systems through the lens of
organizational culture. https://www.researchgate.net/publication/288182627

Ford. (2002). Phased production part approval process.

Ford, G., & Gosling, J. (2024). Professional perceptions of right-first-time and quality
management in construction projects through open-ended feedback. International
Journal of Quality & Reliability Management, 41(10), 2665

2696. https://doi.org/10.1108/IJQRM-08-2023-0246

Forker, L. B. (1997). Factors affecting supplier quality performance. Journal of
Operations Management, 15(4), 243-269.

Gawlik, J., Rewilak, J., & Tokaj, T. (2012). Application of PPAP tools in production
preparation management. Management and Production Engineering Review, 3(4),
62-69.

Goos, G, et al. (2012). On the move to meaningful internet systems: OTM 2012.
Lecture Notes in Computer Science, 7566.

Ho, D., Kumar, A., & Shiwakoti, N. (2016). Maturity model for supply chain
collaboration: CMMI approach. In 2016 IEEE International Conference on Industrial
Engineering and Engineering Management (IEEM) (pp. 849-853).
https://doi.org/10.1109/IEEM.2016.7797990

Hoyle, D. (2011). Quality management essentials (2nd ed.). Routledge.
Huang, S. J., & Han, W. M. (2006). Selection priority of process areas based on
CMMI continuous representation. Information & Management, 43(3), 297-307.

https://doi.org/10.1016/j.im.2005.08.003

IATF. (n.d.). International Automotive Task Force. Retrieved May 19, 2025, from
https://www.iatfglobaloversight.org

Ingason, H. T. (2020). Quality management: A project management perspective.
Academic Press.

Jagusiak-Kocik, M. (2017). PDCA cycle as a part of continuous improvement in the

production company - A case study. Production Engineering Archives, 14(14), 19-22.
https://doi.org/10.30657/pea.2017.14.05

62


https://doi.org/10.1108/IJQRM-08-2023-0246

Juran, J. M. (1986). The Quality Trilogy: A universal approach to managing for
quality. Reprinted by Juran Institute.

Kumar Singh, V., Kumar, R., Joshi, C. V., & Poddar, S. (2023). Improving operational
performance with world class quality (WCQ) technique: A case in Indian automotive
industry. Materials Today: Proceedings, 72, 1561-1567.
https://doi.org/10.1016/j.matpr.2022.09.387

Lee, H. H., & Li, C. (2018). Supplier quality management: Investment, inspection, and
incentives. Production and Operations Management, 27(2), 304—-322.
https://doi.org/10.1111/poms.12802

Li, D. C.,Chang, S. Y., Chen, T. L., & Liu, C. W. (2011). Steps for the advanced
product quality planning approach to improve product quality: A case of fastener
manufacturing. Proceedings of the Institution of Mechanical Engineers, Part B:
Journal of Engineering Manufacture, 225(9), 1621-1635.
https://doi.org/10.1177/2041297510393568

Liao, Y., Diabat, A., Alzaman, C., & Zhang, Y. (2020). Modeling and heuristics for
production time crashing in supply chain network design. Annals of Operations
Research, 288(1), 331-361. https://doi.org/10.1007/s10479-020-03538-3

Linderman, K., Schroeder, R. G., Zaheer, S., Liedtke, C., & Choo, A. S. (2004).
Integrating quality management practices with knowledge creation processes.
Journal of Operations Management, 22(6), 589-607.
https://doi.org/10.1016/j.jom.2004.07.001

Marshall, M. N. (1996). The key informant technique. Family Practice, 13(1), 92-97.
https://doi.org/10.1093/fampra/13.1.92

Neetij, R., & Bikash, T. (2004). A study on purposive sampling method in research.
http://study.com/academy/lesson/what-is-sampling-in-research-definition-methods-
importance.html

Noshad, K., & Awasthi, A. (2015). Supplier quality development: A review of literature
and industry practices. International Journal of Production Research, 53(2), 466—487.
https://doi.org/10.1080/00207543.2014.954679

Oliva, R., & Watson, N. (2011). Cross-functional alignment in supply chain planning:
A case study of sales and operations planning. Journal of Operations Management,
29(5), 434—448. https://doi.org/10.1016/j.jom.2010.11.012

Orm, M. B., & Jeunet, J. (2018). Time-cost-quality trade-off problems: A survey
exploring the assessment of quality. Computers & Industrial Engineering, 118, 319—
328. https://doi.org/10.1016/j.cie.2018.01.012

Petersen, P. B. (1999). Total quality management and the Deming approach to
quality management. Journal of Management History, 5(8), 468—488.

Pietrzak, M., & Paliszkiewicz, J. (2015). Framework of strategic learning: The PDCA
cycle. Management, 10(2), 149-161.

63



Pollack, J., Helm, J., & Adler, D. (2018). What is the Iron Triangle, and how has it
changed? International Journal of Managing Projects in Business, 11(2), 527-547.
https://doi.org/10.1108/IJMPB-09-2017-0107

Poppendieck, M. (2002). Principles of lean thinking. Software Engineering
Conference.

Realyvasquez-Vargas, A., Arredondo-Soto, K. C., Carrillo-Gutiérrez, T., & Ravelo, G.
(2018). Applying the plan-do-check-act (PDCA) cycle to reduce the defects in the
manufacturing industry: A case study. Applied Sciences, 8(11), 2181.
https://doi.org/10.3390/app8112181

Robinson, O. C. (2023). Probing in qualitative research interviews: Theory and
practice. Qualitative Research in Psychology, 20(3), 382-397.
https://doi.org/10.1080/14780887.2023.2238625

Rocha, J. R. P., & Salerno, M. S. (2014). O papel do APQP—Advanced planning for
product quality no desenvolvimento de produtos: Analise de casos na relagao
montadora-autopecgas. Gestdo e Produgao, 21(2), 231-243.
https://doi.org/10.1590/0104-530X1139

Salimian, H., Rashidirad, M., & Soltani, E. (2020). Supplier quality management and
performance: The effect of supply chain oriented culture. Production Planning &
Control, 1-17. https://doi.org/10.1080/09537287.2020.1777478

Seetharaman, A., Sreenivasan, J., & Boon, L. P. (2006). Critical success factors of
total quality management. Quality & Quantity, 40(5), 675—695.
https://doi.org/10.1007/s11135-005-1097-2

SIS. (2015). Ledningssystem for kvalitet — Krav (ISO 9001:2015) [Quality
management systems — Requirements]. Swedish Standards Institute.
https://www.sis.se

Stamatis, D. H. (2018). Advanced product quality planning: The road to success.
CRC Press. https://www.crcpress.com/Practical-Quality-of-the-Future/

Taufik, D. A. (2020). PDCA cycle method implementation in industries: A systematic
literature review. Indonesian Journal of Industrial Engineering & Management, 1, 1—
8. http://publikasi.mercubuana.ac.id/index.php/ijiem

Taylor, F. W. (1911). The principles of scientific management. Harper & Brothers.

Timmermans, S., & Tavory, |. (2012). Theory construction in qualitative research:
From grounded theory to abductive analysis. Sociological Theory, 30(3), 167—186.
https://doi.org/10.1177/0735275112457914

Van Wyngaard, C. J., Pretorius, J. H. C., & Pretorius, L. (2012). The Iron Triangle
and project success: A South African case. 2012 IEEE International Conference on
Industrial Engineering and Engineering Management, 1990-1994.
https://doi.org/10.1109/IEEM.2012.6838084

Verhoeven, H. M. A. (n.d.). Analysis of the digital communication with suppliers at TF

by providing a current state assessment and future state vision [Unpublished
master's thesis].

64



Watanabe, W. C., Shafiq, M., Ali, S., Nawaz, M. J., & Nazeer, S. (2024). The impact
of triple constraints on the project success: A moderating role of organizational
support. Journal of Project Management, 9(1), 73—-84.
https://doi.org/10.5267/j.jpm.2023.8.002

Weckenmann, A., Akkasoglu, G., & Werner, T. (2015). Quality management —
History and trends. TQM Journal, 27(3), 281-293. https://doi.org/10.1108/TQM-11-
2013-0125

Yilmaz, B., & Acaroglu, M. (2024). IATF 16949 certification of a company in the
automotive sector. Renewable Energy Sources: Energy Policy and Energy
Management, 1, 1-9.

65



Appendix A — The Five Phases of APQP

Phase 1: Plan and Define

The first phase of APQP encompasses defining
customer requirements and expectations connected to
the design or redesign of the product. Integrating the
Voice of the Customer (VoC) through data and
information collection helps form the requirements
needed to define the quality program (Stamatis,
2018)2. Through this phase, parties create a
preliminary plan of goals and processes, before
design engineers start drafting.

Phase 2: Product Design and
Development

Following the direction from phase one, the goal of the
second phase is to design the product and assess its
feasibility. Ensuring that the product can be
manufactured and fulfill its intended purpose is
important to prevent costly revision in later phases.

Phase 3: Process Design and
Development

When the product is designed and defined with
respect to material specifications, equipment
requirements and risk assessment, the third phase
covers the planning of manufacturing the new or
redesigned product. Key considerations of this phase
include product specifications, quality and costs when
developing the production process. In addition to
producing the product within tolerances, the process
needs to produce the number of required products.

Phase 4: Product and Process
Validation

To validate the final product and the means of
producing it, phase four encompasses rigorous testing
of both. Through trial production runs, the reliability
and capability of the process as well as the product
quality acceptance criteria can be confirmed. Any
adjustments needed are made before moving on to
the final phase.

Phase 5: Feedback, Assessment
and Corrective Action

During the fifth and final phase, full-scale production
with a focus on assessing and enhancing processes
begins. Key activities include minimizing process
variations, identifying potential issues, and
implementing corrective actions to drive continuous
improvement.

2 Stamatis, D. H. (2018). Advanced product quality planning (APQP) and control plan. CRC
Press. https://doi.org/10.1201/9780429401077
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Appendix B — PPAP Elements Explained

1. Design Record

The design record is the blueprint for the saleable product. By stating the dimensions,
tolerances, material and other requirements of the product, the buyer can communicate
what the supplier needs to do. Regarding material composition, suppliers need to validate
their material choices through systems such as the International Materials Data System
(IMDB), which lists hazardous and forbidden materials. Further requirements are needed
for polymeric materials.

2. Authorized Engineering Change Documents
For any changes made to the product, part or tooling not incorporated in the design record,
the supplier shall have authorized engineering change documents that declare this.

3. Customer Engineering Approval

In line with buyer requirements, there should be evidence of engineering approval on the
buyer side. The engineering approval underlines that the buyer has understood the
resulting specifications of the component and takes responsibility for the technicalities.

4. Design Failure Mode and Effects Analysis

The Design Failure Mode and Effects Analysis (DFMEA) is a methodology used to prevent
potential failures in product development. DFMEA encompasses several steps, ranging
from detecting potential failures to evaluating their severity. By listing several potential
failures and their respective severity, R&D teams may understand where resources should
be invested to prevent rework and delays.

5. Process Flow Diagram(s)

Process Flow Diagrams (PFD) are flowcharts that show the relationship between
components in a manufacturing plant, giving an overview of the production processes. The
supplier shall create a PFD in line with buyer requirements that clearly states sequential
production processes. These steps and sequences should meet the needs, requirements
and expectations of the buyer.

6. Process Failure Mode and Effects Analysis (PFMEA)
Like DFMEA, Process Failure Mode and Effects Analysis (PFMEA) is a methodology used
to analyze potential failures related to operational processes.

7. Control Plan

The control plan is a document that outlines the methods used to ensure quality control at
a production plant. Through standardized procedures and routines, the control plan gives
an overview of critical inputs and outputs to ensure compliant production. The supplier shall
have a comprehensive control plan that defines all methods used for process control, in
line with buyer-specific requirements.

8. Measurement System Analysis Studies

The supplier shall perform applicable Measurement System Analysis (MSA) studies to
ensure that all process variabilities are satisfactory. By using appropriate methods such as
analysis of repeatability and reproducibility (R&R), bias, linearity and stability, suppliers can
provide a measurement system capability assessment. This assessment declares whether
the measurement system is qualified for use or not.

9. Dimensional Results

In line with the design record (element 1) and the control plan (element 7), the supplier
shall provide evidence that all processes are compliant with respect to dimensional
tolerances and other buyer-specific requirements. One of the components measured within
this element shall act as the master sample (element 15). The measurements used in this
element shall be actual results and not approximations.
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10. Records of Material / Performance Test Results

The supplier shall have documentation of material and/or performance test results in line
with tests defined in the design record or control plan. By defining how tests were
conducted, a record can be kept and connected to the design record (element 1) and/or the
authorized engineering change documentation (element 2).

11. Initial Process Studies
Through initial process studies, the supplier demonstrates that critical processes are stable
and operational with normal variation near the intended nominal value.

12. Qualified Laboratory Documentation

All inspection and testing for PPAP needs to be done by a qualified laboratory, as defined
by the buyer. Whether the laboratory is external or internal to the buyer, the laboratory
needs documentation showing that it is qualified for the type of measurements and/or tests
conducted.

13. Appearance Approval Report

For every component that has appearance requirements from the buyer, the supplier
needs to create an Appearance Approval Report (AAR) for each component or series of
components. The AAR specifies the approval or non-approval of aesthetic factors such as
colour, grain or surface appearance.

14. Sample Production Parts
The supplier shall provide sample products in line with buyer requirements.

15. Master Sample

The master sample serves as a benchmark for employees at the supplier site. As the
master sample is approved by the buyer, it acts as a reference for compliant production
results. Unless a new master sample is created, the supplier should retain the original
master sample during the period of the production part approval records.

16. Checking Aids

Checking aids encompass the tools used to measure the components. The supplier shall
submit any checking aids used for the validation of dimensional requirements. These
checking aids need to be validated through MSA studies, in compliance with customer
requirements.

17. Customer-specific Requirements
The supplier shall have documentation to show compliance with all applicable buyer-
specific requirements.

18. Part Submission Warrant

The main element of PPAP is the Part Submission Warrant (PSW). The PSW is the final
document of PPAP - it serves as a write-off and summary of the component. When the
PSW is signed by the supplier and buyer, the component has been industrialized and is
ready to be used for full-scale production.
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Appendix C — Interview Guide

Introduction

APQP

PPAP

What is your name and role?

From the perspective of your department, how do you work with APQP?
o How do you use the current IT system related to APQP?

What information(input) do you need to be able to successfully perform your tasks in
APQP?

o How is this information delivered to you?
o Do you get all the information needed?

How do you communicate throughout the APQP?
o  What communication channels do you use?
o What do you think about them?
How are the suppliers involved in your work with APQP?
What do you think about your ways of working with APQP?
o Whatis better?

o What is worse?

What deliverables do you see as most important to the APQP?
What deliverables do you see as less important for the APQP?
How is your department involved in PPAP?

o How do you use the current IT system related to PPAP?
What do you think about your way of working with PPAP?

o Whatis better?

o What is worse?

Other thoughts?
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