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In the realm of production systems, determining the optimal segment allocation remains a central concern. While
several existing models address this issue, a significant gap remains as many overlook the critical role of inno-
vation and lack a holistic perspective. This paper presents a model that emphasizes innovation capabilities and
introduces the concept of a “Technology Multiplier” underscoring the compounding influence of technology and
innovation on production segment allocation decisions. Within this work, we focus on preliminary studies to
establish the “Technology Multiplier” concept employing an Analytical Hierarchy Process (AHP) with sensitivity
analysis. The validity of our approach is demonstrated through four case studies from three industries, illus-
trating the relevance of our elaborated metrics for the concept of “Technology Multipliers”. In particular, a
leading automotive company uses our findings to reach a more appropriate strategic decision aligned with
innovation and production growth, compared to its previous decisions. These results not only demonstrate a
robust fit with our proposed metrics but also indicate that our framework lays the foundation for further research
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on the “Technology Multiplier”, enriching the decision-making process for production segment allocation.

1. Introduction

The issue of the production segment allocation of internal and
external processes in the context of production system design has
remained a central concern for researchers and practitioners over time
[1-3]. The notion of production segment allocation within a firm en-
compasses the extent to which the necessary processing steps for the
final product are carried out in its own production system. In deter-
mining production segment allocation, firms need to strategically posi-
tion themselves within the value chain [4] and define the set-up of their
production system [5,6]. Segment allocation in production planning
plays a critical role in production management as it has a significant
impact on the configuration of the production system, such as manu-
factured products, process technologies used, labor, machine capacity,
and logistics [2]. Moreover, decisions regarding production segment
allocation influence the degree to which organizations engage in opti-
mizing manufacturing processes, strategically deploying production
equipment and automation, and meticulously designing their
manufacturing systems. By determining how to allocate production
segments, companies effectively determine their level of involvement in
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the critical tasks that define their technological competitiveness in the
industry [2,7]. These include integrating the latest technological ad-
vances, adapting to economic changes, and managing production net-
works. Such decisions are fundamental not only to aligning with
technological and economic drivers but also to improving the overall
agility and resilience of manufacturing operations [8], making the study
of production segment allocation an important aspect of the field of
manufacturing science and technology.

The planning of segment allocation in production has become
increasingly important in the context of globalization, which offers
expanded opportunities for outsourcing. The phenomenon of global-
ization has a significant impact on production systems, fostering eco-
nomic integration and thereby increasing efficiency, cost-effectiveness,
and facilitating the incorporation of innovative technologies such as
automation, virtual reality, and flexible manufacturing systems [9].
Globalization has enabled the flow of people, goods, and information
across borders, creating global supply chains for components, assem-
blies, and products with standardized processes. As a result, firms can
source their needs from a worldwide network of suppliers, many of
which have specialized, achieved high quality, and benefited from
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economies of scale. In the 1990s and 2000s, outsourcing became a
management trend triggered by Japanese firms to achieve operational
efficiency. In their quest for short-term financial gain, many firms have
turned to offshoring or outsourcing their production to regions that offer
immediate cost advantages [10]. Recent developments, such as the
phenomenon of reshoring, where previously outsourced manufacturing
activities are reintegrated internally, suggests strategic misalignments in
many of these cases, and emphasize the need to reassess some of these
past outsourcing decisions [11]. Today, the configuration of production
systems and their supply networks have a significant impact on the
competitiveness of firms [12]. Therefore, the complexities associated
with determining the appropriate production segment allocation are
multifaceted and require careful consideration of a wide range of
qualitative and often quantitative factors [13]. Moreover, with the
increased complexity resulting from globalization, traditional metrics,
especially those driven by short-term cost considerations, often fail to
adequately address the broader implications for the competitiveness of
production systems. It is becoming increasingly clear that a holistic
perspective is needed, one that considers not only direct financial fac-
tors, but also the long-term strategic implications of decisions related to
production segment allocation and the configuration of production
systems.

The concept of a “Technology Multiplier”, similar to the concept of
an economic multiplier, could highlight the extent to which investments
in internal production systems could provide benefits beyond mere
short-term financial gains. It could provide an understanding of the real
long-term value that in-house production could bring in terms of tech-
nological innovation and adaptation. The “Technology Multiplier” hy-
pothesis proposes quantifying these benefits associated with domestic
manufacturing that go beyond the primary production of goods. It in-
dicates that engaging in-house manufacturing allows firms to gain not
only tangible products but also a significant wealth of knowledge,
expertise, and capabilities. This intellectual capital may serve as a basis
for organizations to create advanced products, increase the efficiency of
their innovative processes, or improve their innovative workflows to
boost the competitiveness of their production system. However, finding
meaningful measures of the "Technology Multiplier" effect for a pro-
duction segment allocation decision remains a challenge.

One aspect that can be better addressed by the more comprehensive
perspective of a “Technology Multiplier” is a firm’s innovation capa-
bility, which, according to Porter, is the basis for a firm’s ability to
differentiate itself and ensure its long-term competitiveness [4]. Beyond
shaping the structure of supply chains and manufacturing processes,
segment allocation subtly influences a firm’s ability to innovate.
Therefore, to remain competitive in the long run, companies should
consider the implications of determining the segment allocation of
manufacturing for their innovation capabilities in their decision-making
processes. The determination of production segment allocation can also
have far-reaching implications for an organization’s set-up of its pro-
duction system [14]. Deciding which components and assemblies to
produce in-house or outsource determines the extent to which existing
internal or external capabilities should be used and how capabilities
should be developed in the long term [15].

1.1. Underlying theories

From a theoretical perspective, the question of production segment
allocation in the context of the theory of the firm provides explanatory
approaches as to how companies design their production system in the
context of the whole value chain. In the literature, transaction cost
economics (TCE) and the resource-based view (RBV) are among the
most common theoretical approaches.

The TCE approach, articulated by Williamson [16], emphasizes the
fact that the utilization of markets always incurs costs and is subject to
certain inefficiencies, thus generating transaction costs. This paradigm
suggests that firms choose the governance structure for their production
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system and network that minimizes their transaction costs. The
approach delineates governance structures into buy, make, and hybrid
forms. The theory tends to favor a solution within the production system
of the firm (make solution), especially when transaction costs in a
market setting are high.

While the TCE approach focuses on minimizing transaction costs
through appropriate governance structures, the RBV complements this
by emphasizing the role of the firm’s unique production system and how
leveraging it can create a competitive advantage. The RBV originated
from Barney [17] and considers firms as bundles of resources that form
the basis for creating a competitive advantage. The resources of a firm
are categorized into physical capital resources, human capital resources,
and organizational capital resources. According to Barney, the extent to
which a resource contributes to the creation of a competitive advantage
depends on whether it is valuable, rare, inimitable, and
non-substitutable. In the context of production systems, the RBV un-
derscores the role of proprietary processes, equipment, and learning
capabilities, to achieve competitive manufacturing performance [18]. A
“Technology Multiplier” could be a key metric that measures the in-
cremental value derived from improved resources, covered in the RBV
theory, relative to the inherent costs of acquisition, implementation, and
operations, thereby helping firms to discern the true efficiency of their
strategic investments in the production system.

A crucial aspect in the literature regarding the enhancement of
competitiveness is innovation [19]. An organization’s existing resources
not only shape its innovation capabilities but these capabilities them-
selves can also be considered a valuable, unique, and inimitable resource
[20]. According to the OECD [21], innovation can be categorized into
product innovations, process innovations, marketing innovations, and
organizational innovations. In the context of this study, product and
process innovations are particularly relevant. Product innovations
pertain to improved characteristics of a good or service, while process
innovations focus on enhancing production or logistics. The ability to
achieve such improvements is defined by Lawson and Samson [22] as
innovation capabilities, which refers to “the ability to continuously
transform knowledge and ideas into new products, processes, and sys-
tems for the benefit of the firm and its stakeholders”. In certain cases, the
ownership of R&D and production facilities can enhance technological
innovation [14]. The concept of a "Technology Multiplier" could support
to better understand this phenomenon.

1.2. Related work

First, a comprehensive literature search is conducted to identify
existing approaches to determine optimal segment allocation and could
contribute to the conceptualization of a "Technology Multiplier". After a
thorough search, the existing models are supplemented by models
referenced in the context of broader meta-studies. The models tend to
focus on different perspectives and mostly refer to the make-or-buy
decision or outsourcing. In the following, we present an overview of
previous work, which identifies gaps in existing models and derives
approaches for the development of our framework. The existing models
are also evaluated based on a set of selected criteria relevant to our
approach, ensuring their relevance and applicability to the current study
as well as the research gap (cf. Table 1). Each criterion is introduced
with a number, e.g. (1), in the subsequent sections.

As the question of optimal segment allocation is a recurring issue in
production, there are already numerous approaches in the literature to
provide decision support [23]. A comprehensive comparison of 133
existing approaches can be found in the work of Huth [15]. The main
approaches include theory-based approaches such as TCE or the RBV, as
well as strategic and multi-criteria approaches.

Theory-based descriptive approaches rely heavily on existing the-
ories and generally focus on a limited number of valuation dimensions
for decision-making. Models based on the TCE approach often empha-
size the asset specificity of a transaction [24,25]. Decision-making can
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Table 1
Make-or-buy model comparison.
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also be represented by a decision matrix [26]. TCE has a strongly
market-oriented perspective and rarely evaluates the actual object of the
transaction. This gap is filled by resource-based approaches, which focus
on determining the best sourcing decision based on available resources
and capabilities [1]. Central to this is the concept of core competencies,
which assumes that companies should engage in activities that are
aligned with their core competencies or build core competencies in that
area [27]. In Venkatesan’s approach [28], components are classified
using a decision tree. First, subsystems are classified based on the per-
formance of in-house production versus outsourcing. For strategically
relevant subsystems, decisions are then made for component families as
to whether they are strategically relevant components or commodities.
A final decision is made based on the available resources for strategic
parts and the competitive production of commodities. While the
approach provides a general decision structure there is only limited
guidance for operationalization provided (1). Mclvor’s model [29]
combines the decision dimensions of TCE and RBV in a decision tree
created based on case studies. Different recommendations are made for
scenarios such as in-house production and various contract models
based on contributions to competitiveness, relative capability, and the
risk of opportunistic behavior. A notable limitation of McIvor’s model is
its focus on qualitative data, which precludes the integration of quali-
tative and quantitative goals (2). A general limitation of theory-based
models, including Mclvor’s, is their low adaptability in terms of vari-
able adaptability (3), as such models are confined within the parameters
of specialized theories.

There are also strategic approaches that focus even more on the
positioning and long-term goals of the firm. Probert [30] developed a
ten-step model that includes initial categorization, internal and external
analysis, evaluation of strategic alternatives, and selection of a strategy.
Probert’s approach is very cost-focused and, like the theory-based
models discussed earlier, includes only a limited range of motives to
justify a make-or-buy decision outcome (4). The model of Baines et al.
[31] is also intended to support decision-making from a strategic
perspective and shows a more comprehensive approach to operation-
alize this in a workshop-based format. It includes a customized defini-
tion of key criteria but takes an activity-oriented perspective rather than
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an assembly level perspective (5).

Many of the models only allow binary decisions for selected factors,
and decisions regarding the determination of segment allocation can
consist of multiple, sometimes contradictory objectives. In contrast,
Canez et al. [23] consider a diverse set of factors in the areas of tech-
nology and manufacturing processes, costs, supply chain management,
and support systems, and provide a simple phase model for evaluation.
There are also several approaches using techniques of multi-criteria
decision-making. Udo [32] provides a methodologically specific
approach, evaluating the areas of strategic importance, stakeholders’
interests, vendor issues, cost operations, and industry environment using
an Analytical Hierarchy Process (AHP), although in the context of IT
outsourcing. Yang and Huang [33], also in the context of IT outsourcing,
formulated a model that evaluates factors in the areas of quality and
technology within an AHP framework. Consequently, neither the
approach proposed by Udo [32] nor that by Yang and Huang [33] en-
ables evaluation at the sub-assembly level (5) in production (6). Benama
et al. [6] developed a model that focuses on reconfigurable
manufacturing systems and uses simplified weighting and evaluation
methods. Various factors from the areas of cost, technical capability,
social-economic objective, and risk are considered. A method related to
the AHP, from multicriteria decision-making, TOPSIS, is used in the
work of Medina-Serrano et al. [1]. The model provides decision support
for make-or-buy questions in production based on various factors in the
areas of strategy, resources, performance, and the risk of opportunistic
behavior. Overall, none of the previously mentioned models place a
strong emphasis on the innovation capabilities (7) needed to foster
long-term competitive advantage in the production system. While
related work offers different perspectives, the concept of a quantified
“Technology Multiplier” remains an underexplored area. Its importance
lies in its potential to capture not only the immediate benefits of
in-house production, but also the longer-term quantitative value added
associated with innovation. By considering this multiplier, decision
makers are better equipped to weigh the broader implications of pro-
duction segment allocation, especially in an era where rapid techno-
logical advances are essential to maintaining a competitive edge.

The primary goal of this research is to establish a first basis for the
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development of a "Technology Multiplier". A major challenge is to find
relevant metrics that make such an effect quantitatively measurable. In
addition to identifying the initial driving metrics, our objective is to
establish a preliminary framework for subsequent development. Based
on the existing literature, relevant factors are identified which, in the
sense of the "Technology Multiplier", can add value to innovation
capability in a production segment allocation decision. However, since
these factors may be case-specific or of a more qualitative nature, we
propose a holistic framework consisting of a factor pre-selection, an
analytical hierarchy process and a sensitivity analysis. In particular, the
use of this framework allows an indicative quantification of the pre-
selected factors in real industry examples by means of weights and
scores. Beyond the background of the "Technology Multiplier", this study
represents an application of the AHP to the production segment allo-
cation. We expand the traditional AHP by including a sensitivity analysis
to consider uncertainties. As the preceding analysis of related work has
shown, our proposed holistic framework could extend the existing
landscape of make-or-buy models for the first time by a framework with
a strong focus on the innovation capabilities of manufacturing firms
production systems. This could mean that the framework could be useful
beyond the sense of a preliminary study of the "Technology Multiplier"
in a complementary way as a general indicative combined analysis for
the application of a "Technology Multiplier" or even as a general decision
support framework for make-or-buy decisions.

2. Methodology

The methodology of this study is part of the overarching objective of
exploring the concept of a "Technology Multiplier". While only the first
stage of the preliminary research approach outlined here is covered in
this study, we aim to underscore the contribution of the methodology
and findings of this specific study to the broader context of our research.
The ongoing findings are intended to refine the conceptualization of a
"Technology Multiplier." In the course of this refinement, it is possible
that the research approach will also have to be adapted, which is why we
refer to it here as preliminary.

2.1. Preliminary overall research approach to establish a technology
multiplier

The preliminary research approach shown in Fig. 1 for establishing
the “Technology Multiplier” framework is a structured, multi-stage
process designed to progressively refine and validate relevant metrics
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that can quantitatively measure long term value in production segment
allocation decisions. The methodology is divided into two main phases:
Initial Pre-Studies and Technology Multiplier Definition, each of which
consists of several distinct stages.

The Initial Pre-Studies phase begins with General Initialization,
where the goal is to conduct initial research to identify driving metrics
and test them with manufacturing firms from various industries. This
stage uses literature reviews and case studies to collect both qualitative
and semi-quantitative data, focusing on a broad but limited set of initial
metrics with a small sample size. The next stage, Product Specific
Initialization, applies these initial metrics to specific products within the
same industry to refine their applicability, again using case studies to
gather targeted insights. This phase continues to focus on qualitative and
semi-quantitative data with a small sample size.

The second phase, Technology Multiplier Definition, begins with
model development. The goal here is to transform the refined metrics
into a quantifiable model suitable for calculating the “Technology
Multiplier” and could use multivariate regression techniques to develop
the model. This stage emphasizes quantitative data to ensure robustness,
with a focus on model formulation rather than sample size. The next
stage, Quantification with Data Training, aims to quantify the model
metrics using large-scale industry data to validate and adjust the model,
could continue the use of multivariate regression techniques with a large
sample size and predominantly quantitative data. The final stage, Vali-
dation and Refinement, is designed to validate the “Technology Multi-
plier” model with industry partners and refine the metrics and weights
as necessary. This stage could utilize both multivariate regression and
case studies for final adjustments, focusing on quantitative data for
precise validation with a small sample size, ensuring detailed validation
with key industry partners.

This research approach ensures a detailed and iterative development
process from initial metric identification to final model validation. It
integrates both qualitative and quantitative approaches, progressively
refining the metrics and model through real-world application and in-
dustry collaboration. The goal of this structured approach is to create a
robust and applicable “Technology Multiplier” that improves
manufacturing segment allocation decisions by quantitatively
measuring long term value.

2.2. Methodology for general initialization

In the development of our framework for the General Initialization
phase, a qualitative research approach is used. The research

Focus of this study The subsequent stages, building on the first study, will be addressed in future research
A L

i | 1
Stage General Product Specific | Model Quantification with Validation and |
g | Initialization Initialization ! Development Data Training Refinement !
f |
Initial research of | Transformation of Validation of |
i .. . Application of initial | quantitative metrics Quantification of the =~ Technology Multiplier |
driving metrics and . e . . i
. . metrics to one specific | and set-up of a model metrics based on  model with industry !
Goal testing with . | . . . i
! - product with firms of | quantified model for large scale industry partners and potential |
| manufacturing firms of . ! R . !
! different industries the same industry | the calculation of a data refinement of metrics |
i Technology Multiplier and weights !
Do ! . - e. g. Multivariate |
Method ‘ Literature Res.earch, Case Studies eg Multl\{arlate eg. Multl\{anate Regression, |
i Case Studies ' Regression Regression . i
! i Case Studies ;
! 1 1
Qualitative, Semi- Qualitative, Semi- | o . . |
Data focus Quantitative Quantitative Quantitative Quantitative Quantitative i
Sample size low low i n.a. high low |
Initial Pre-Studies ~ Technology Multiplier Definition

Fig. 1. Overview of research approach.
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methodology is based on a combination of the already presented liter-
ature review, a framework development, and a validating case study
approach. The literature review within the previous section was con-
ducted to understand the existing theories and findings related to pro-
duction segment allocation, providing a solid foundation for the study.
The AHP model is used due to its effectiveness in dealing with complex
decision-making problems, allowing us to systematically evaluate and
prioritize the factors affecting production segment allocation similar to a
reverse engineering. Lastly, a validating case study approach is used in
real-world scenarios by applying it and reflecting the results with the
status quo decisions of the companies. The nature and results of the
application of the framework in the case studies provide insights into
what factors might be relevant for the development of a "Technology
Multiplier" by analyzing the scores within the AHP. The scores allow a
first semi-quantification of the importance of different metrics.

Decisions about production segment allocation can be highly com-
plex and require careful consideration of various qualitative and quan-
titative aspects [5]. Such decision problems consisting of different, often
conflicting, criteria and a given set of alternatives to choose from can be
classified as multi-attribute decision-making (MADM) problems. A
widely used method in MADM is the AHP, which is based on pairwise
comparisons of criteria and alternatives [34]. By using the AHP and later
applying it in case studies, we can gain valuable insights into which
factors are highly relevant for the development of a "Technology
Multiplier". The AHP was first introduced by Saaty [35] and further
developed in his subsequent work [36,37]. Since the introduction of the
AHP, it has been considered an established method in the field of MADM
[38], which is also reflected in the overall increasing number of publi-
cations over the last two decades [39].

At the beginning, the hierarchy of the decision problem is formu-
lated. The AHP consists of an overall objective or question to be
answered. Based on the objective, different criteria are derived, which
are further divided into sub-criteria. For the decision problem, different
alternatives are determined, which represent the last hierarchy level.
The objects of a hierarchy level are then compared regarding their pri-
ority for the respective higher hierarchy level. The criteria are compared
in terms of their priority for the higher-level objective, and the sub-
criteria are compared in terms of their priority for the criteria. The al-
ternatives are then compared across all sub-criteria and finally, all
weights are combined into an overall score of the alternatives for
meeting the overall objective. The high weight of a sub-criterion implies
an initial relevance of the sub-criterion for the concept of a "Technology
Multiplier". If there is a strong preference for the "In-House" alternative,
in relation to a strongly weighted sub-criterion of "Innovation Capa-
bility", the resulting overall score indicates an influence on the "Tech-
nology Multiplier". The AHP can therefore help narrow down the range
of key metrics. All comparisons are made using an integer score from 1
to 9 and its reciprocals, which can also be translated into a linguistic
metric, in a reciprocal matrix for each comparison on all levels. The
eigenvalue method is used to convert the matrices into a weighting. The
largest eigenvalue of the matrix can be used to check whether the
Consistency Ratio (CR) is below 0.1. If the CR is 10 % or less, as specified
by Saaty, the matrix is acceptably consistent. Otherwise, the matrix
evaluation should be revised. The criteria are derived from the existing
literature. An in-depth analysis is carried out for the sub-criteria of
innovation. The research for sub-criteria is structured as follows:
collection of relevant aspects in literature, clustering of aspects, filtering
for aspects suitable to our defined requirements, and final selection of
sub-criteria that best represent their overall criteria. Since the use of the
AHP requires linear independence of the criteria and sub-criteria [40],
care was taken to ensure that they were formulated as independent and
non-overlapping as possible. However, due to case-specific differences
and the qualitative nature of some factors, it is not always possible to
exclude interdependencies in realistic scenarios [41].

In addition to consistency and independence, another important
aspect to consider is uncertainty in decision-making. Several methods
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can be used to mitigate potential uncertainties in decision-making pro-
cesses, including fuzzy logic approaches, integration with the Technique
for Order of Preference by Similarity to Ideal Solution (TOPSIS), or
conducting sensitivity analyses [38]. Recognizing the inherent uncer-
tainty of input information in decision scenarios, and with the goal of
maintaining broad accessibility to individuals in the case studies who
may not be well versed in nuanced aspects such as fuzzy logic, we chose
to implement a sensitivity analysis. This approach allows for the ex-
amination of how variations in input parameters affect the decision
outcome, thereby providing insight into the robustness of the conclu-
sions drawn from the analysis. This strategy ensures a balance between
the rigor of dealing with uncertainty and the pragmatic need for the
methodology to be accessible to practitioners.

We validate our theory-based framework within four different case
studies, following a deductive approach as described by Johannson [42].
The aim of these case studies is to verify whether the framework adds
value in determining optimal production segment allocation and to test
the suitability of the defined criteria and sub-criteria for
decision-making and potential inclusion in a "Technology Multiplier".
We also use these case studies to identify areas for improvement. We
select the case studies from manufacturing companies frequently con-
fronted with determining optimal production segment allocation and
with which our research team has a good relationship, ensuring trans-
parent insight into the decision-making process. The case studies’
implementation consists of a general classification, the implementation
of the framework, and an evaluation of the framework results. We use
the general classification to understand the previous decision process
and the context of the decision. In the implementation of the framework,
we apply it and prioritize the criteria, sub-criteria, and alternatives in a
pairwise comparison. Next to that, we perform the sensitivity analysis.
In the evaluation of the results, we consider the framework’s suitability
for decision-making and whether the framework’s recommendations
align with the actual or planned business decisions.

3. Proposed framework
The framework shown in Fig. 2 consists of three phases, namely the

selection of the objects of analysis, the execution of the AHP and the
evaluation of the results, which will be presented in detail in the

ABC analysis

Phase 1
Selection of analysis object

Clustering of assembly families

Prioritization of criteria

) Pl.lase 2 Prioritization of sub-criteria
Execution of AHP
Prioritization of alternatives
Assessment of alternative
weights
Phase 3

Evaluation of results

Sensitivity analysis

Fig. 2. Proposed framework.
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following sections. In general, our proposed model is designed for use in
discrete manufacturing. However, the ability to consider the assembly or
component level allows for flexible application along the manufacturing
value chain from component suppliers to original equipment manufac-
turers. The quality of the model results depends heavily on the quality of
the inputs. For this reason, it is recommended that all steps of the
framework are performed with an interdisciplinary team of experts from
distinct functions and that decisions are continuously reviewed.

First, it is necessary to handle the complexity of the product archi-
tecture. Therefore, once an initial product or set of products for analysis
is selected in advance, a modified ABC analysis is used to efficiently
select key assemblies or components of a specific product and group
them into families for synergy considerations. This is followed by the
execution of the Analytical Hierarchy Process (AHP), which serves as the
core to determine the optimal production segment allocation of
manufacturing, considering criteria of “Cost”, “Innovation Capabilities”,
and “Social Impact”. The final stage is the evaluation of the results,
where the results of the AHP are carefully analyzed, with sensitivity
analysis ensuring the robustness and reliability of the results, culmi-
nating in a comprehensive and informed decision-making process.

3.1. Identification of relevant criteria and alternatives

Among the three criteria examined in this paper, the primary focus is
on the “Innovation Capabilities” criterion, reflecting the importance of
innovation capabilities for manufacturing companies. An in-depth
analysis of this criterion is undertaken as shown in Fig. 4 because, as
our previous evaluation has shown, existing models often provide only
indirect or insufficient insights into innovation-related sub-criteria. The
first step involves the collection of 100 capabilities and enablers relevant
to innovation, derived from an extensive review of 90 references. These
collected insights are then organized, leading to the formation of 25
aspects in 5 groups through a process of clustering as presented in
Table 2. This is followed by a filtering process to identify those aspects
that are particularly suitable for evaluation at the component level.
Many of the collected factors are not suitable for our approach as they
refer to aspects, which can be only evaluated on a firm level such as the
aspects of “Innovation Culture” or “Organizational Structure”. In addi-
tion, these aspects undergo a filtering process that focuses on their
overall suitability within the defined criteria for our framework. The
final stage involves the careful formulation of the five most important
factors and subsequent formulation of the sub-criteria. These factors are
selected based on their ability to best represent their respective overall
clusters.

Based on the extensive list of factors from innovation capabilities
literature shown in Table 2, we propose to include the following five
sub-criteria for the “Innovation Capabilities” criterion: The first is
“Synergistic Integration Capabilities” and covers the previously identi-
fied aspects of “Synergies” [49], “Communication/Coordination”
[43-55] and selected dimensions of “Knowledge” [46,56-61]. This
sub-criterion emphasizes the importance of seamless architecture,
communication, and coordination, especially for innovations that
involve highly codependent components or require a holistic architec-
tural understanding. These capabilities are key to creating a superior
customer experience. The second is “Manufacturing Capabilities”, which

CIRP Journal of Manufacturing Science and Technology 55 (2024) 272-291

refers to the breadth of activities, technologies, and resources a firm can
leverage to produce goods or components [49,77]. This sub-criterion
includes expertise in process engineering, quality control, supply chain
management, equipment utilization, and production scalability, with a
particular focus on process innovation. The third is “Design Capabil-
ities”, which encourages innovation by integrating expertise, activities
and resources to create customer-centric products [49,77]. This includes
market research, ideation, prototyping, and industrial design, and le-
verages emerging technologies for improved functionality and aes-
thetics, with a particular focus on product innovation. The sub-criteria
of “Manufacturing Capabilities” and “Design Capabilities” are also often
referred to by overarching aspects such as “Core Com-
petence/Familiarity” [10,50,51], “Engineer/Workforce Skills” [19,22,
72-75,78-82], “Resources” [19,50,73,75,82-87] or “Technological
Capabilities” [19,48-50,55,76,88,89]. The fourth sub-criterion, “Speed
and Flexibility”, represents a critical aspect of innovation and is
frequently covered in existing literature [46,48,50,84,86,111,121]. It
emphasizes the ability to respond quickly to changing market demands
and to take advantage of emerging technologies. Here, the speed aspect
focuses on the time to market of an innovation, while the flexibility
aspect focuses on the adaptability to product or process changes. Finally,
the fifth sub-criterion is “Differentiation/Customer Value Add”,
covering the aspects of “Differentiation” [1,50] and is also related to the
“Industry Life Cycle” [87,113,114] and the “Market Innovation Impact”
[49,76]. This sub-criterion is highly market-centered and focuses on
providing unique benefits to customers, thereby differentiating offerings
from competitors. It underpins distinctiveness and value, which secures
competitive advantage, and ultimately leads to increased customer
satisfaction.

For the overarching “Cost” criterion, we propose the integration of
five distinct sub-criteria. First, the “Unit Costs” sub-criterion emphasizes
the central role of evaluating the unit cost of production or acquisition.
Harrigan [89] states that a primary objective in make-or-buy decisions is
to optimize unit costs, an aspect confirmed by Kloock and Schiller [129],
who emphasize its importance as a metric for evaluating product per-
formance. Second, the “Transaction Costs” sub-criterion addresses the
multiple costs associated with procuring a product or service from an
external entity. Following Williamson’s framework [16], these costs
range from the intricacies of defining requirements to the complexities
of finding suppliers and transferring knowledge. This perspective is
consistent with the models proposed by Vining et al. and Fill et al. [24,
25], which emphasize the centrality of transaction costs in strategic
decision-making. The third sub-criterion, “Risk of Supply Outage”,
provides a nuanced understanding of potential supply chain disruptions.
Nooraie and Parast [130] highlight the vulnerabilities inherent in supply
chains, particularly in the context of outsourcing. The consequences of
such disruptions are manifold, ranging from production stops to repu-
tational damage, especially during periods of increased demand [6131].
The “Capital Expenditures” sub-criterion, our fourth consideration,
mainly relates to the capital expenditures inherent in in-house produc-
tion. Moser et al. [132] describe the dual nature of these expenditures,
encompassing both the initial establishment and the subsequent main-
tenance of the production system. Conversely, the act of outsourcing,
while avoiding capital expenditure, incurs ongoing costs and represents
a potential risk mitigation strategy as postulated by Teece [87]. To
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Fig. 4. Hierarchy structure of the proposed model.

Table 2

Cluster and aspects of innovation capabilities review (aspects in brackets were not included in the later formulation of sub-criteria).

Knowledge Manufacturing and Design

Organization

Market Other

Communication /Coordination
[43-55]

Knowledge[46,56-61]
(Learning Ability)[19,22,46,51,
54,60,62-75]
(Patents/Know-How Protection)
[76]

(R&D Intensity)[76]

(Science relations)[76]

Core Competence /Familiarity[10,
50,51]

Design Capabilities[49,77]
Engineer/Workforce Skills[19,22,
72-75,78-82]

Manufacturing Capabilities[49,77]
Resources[19,50,73,75,82-87]
Technological Capabilities[19,
48-50,55,76,88,89]

102,103]

104-108]

(Innovation Culture)[22,46,54,90-96]

(Innovation Process)[19,22,69,72-75,81,
82,85,97-101]
(Strategy)[22,46,48,51,62,64,73,74,84,94,

(Team and Leadership)[43,46,50,64,84,

Differentiation[1,50]
Industry Life Cycle[87,
113,114]

Market Innovation
Impact[49,76]

(Creativity)[46,54,115-120]
Speed/Flexibility[46,48,50,
84,86,111,121]
Synergies[49]
(Feasibility)[49]
(Finance)[46,61,70,96,112,
117,122-128]

(Organizational Structure)[19,22,48,50,54,
69,73-75,81,82,85,109-112]

conclude our proposed sub-criteria, the “Cash Flow Impact”
sub-criterion emphasizes the importance of cash flow as an evaluative
measure at the firm level. Probert [133] underscores its importance, and
Moser et al. [132] elaborate on the profound influence of factors such as
capital expenditures and product price volatility on cash flow dynamics.
This perspective is supported by Jauch and Wilson [134], who argue
that firms with robust cash positions are inherently better equipped to
invest in in-house solutions.

For the “Social Impact” criterion, we recommend considering five
different sub-criteria. The “Job Security” sub-criterion addresses the
implications of decisions related to in-house versus outsourced
manufacturing activities on the continuous job security for employees.
As Brem and Elsner [5] elucidate, opting for external activities can lead
to layoffs, subsequently impacting the morale of the entire workforce.
The “Workforce Training” sub-criterion underscores the influence of
these decisions on employee training and skill development. On-the-job
training remains a pivotal method in manufacturing [135] and espe-
cially junior employees often receive training while executing their
primary tasks [136]. Consequently, an individual’s skill set becomes
intrinsically linked to the activities a firm chooses to undertake or out-
source. The “Employer Attractiveness” sub-criterion has gained promi-
nence, especially amidst the ongoing challenges of talent acquisition and
retention. As Alniag ika et al. [137] posit, qualified employees are
instrumental in adding value to their organizations, enhancing overall
performance. Variations in production segment allocation can influence
a firm’s attractiveness to potential employees, thereby affecting its
competitive positioning in the talent market. The “Company Reputa-
tion” sub-criterion examines the broader implications of a firm’s oper-
ational boundaries on its public image. Activities such as offshoring,
especially when outsourcing activities integral to a brand’s identity, can
influence corporate reputation. Smith et al. [138] emphasize that a solid
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corporate reputation can bolster a manufacturing firm’s societal stand-
ing and its relationships within the business community. Given its po-
tential as a competitive advantage, corporate reputation becomes a
pivotal factor in decision-making [139]. To conclude our proposed
sub-criteria, the “Ecological Impact” sub-criterion accentuates the
environmental repercussions of outsourcing. In the age of globalization,
extended supply chains can obscure environmental externalities,
underscoring the need to assess the sustainability implications of such
decisions, as highlighted by MoosaviRad et al. [140]. Moreover, the
ecological consequences vary based on the production’s geographical
location, given the diversity in regulatory requirements across countries,
as noted by Medeiros et al. [70].

We considered three primary alternatives: in-house manufacturing,
outsourcing, and the establishment of a joint venture. Each of these al-
ternatives presents its own set of benefits, risks, and complexities, which
are systematically analyzed and compared using the framework to
determine the optimal approach. We included the joint venture alter-
native because joint ventures can offer a good combination of the ben-
efits of full integration and external solutions [89,133,141].

3.2. Phase 1: selection of analysis object

The first phase of the framework involves the selection of objects for
analysis. The goal of this phase is to determine which assemblies or
components of a manufacturing company’s product will be the subject of
analysis and how subordinate assemblies across the selected products
will be consolidated into units of analysis. The choice of the overarching
product must be made in advance and often requires aspects such as
market research and forecasting that go beyond the manufacturing
technology aspects covered in this work. A modified form of ABC
analysis is used to select the most significant assemblies or components
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of a product in a time and cost-efficient manner. To account for potential
synergies and economies of scale, and to avoid unnecessary multiple
evaluations of similar assemblies or components, they are grouped into
families when multiple products are the subject of the study.

ABC analysis is an inventory management technique rooted in the
Pareto principle, suggesting that a small percentage of products often
represent the majority of costs or efforts [142]. While other boundaries
are possible [143], items are classified by costs using the boundaries
suggested by Swamidass for the manufacturing context [144]: "A" items
represent 20 % of total items but account for 80 % of costs. "B" items
represent 30 % of total items and 15 % of costs. Meanwhile, "C" items
make up the remaining 50 % of total items but contribute only 5 % of
costs. The primary analytical focus is on "A" items, with subsequent
attention given to "B" and "C" items based on available resources and
their importance to the overall decision problem. For an assembly level
analysis, the ABC analysis is performed on the assemblies of a previously
defined product, and for a component level analysis, the ABC analysis is
performed on the components of an assembly. Costs are considered here
because the value of assemblies of components often reflects their
technological complexity and therefore their importance to the value
creation of manufacturing companies and their innovation potential.
Depending on the product and the manufacturing strategy, other
methods may also be suitable.

Analogous to the models of Venkatesan [28] and Probert [133],
which form component families at the component level for evaluation,
the decision to determine the production segment allocation on the as-
sembly level should be summarized for similar assemblies, if possible.
This can lead to a holistic, consistent decision and reduce the analysis
effort. The specific reasons for clustering assemblies or components may
vary from case to case but should be based largely on characteristics in
the production system, such as the similarity of materials, required
production equipment, and manufacturing processes to be performed.

The assembly or component preselection and the optional formation
of families are the basis for the following steps. The subsequent phase
involving the application of the AHP, and evaluation should be per-
formed separately for each assembly or component family formed. We
recommend performing the outlined procedure on an assembly level
first. However, it is conceivable that the initial question concerns a
manufacturing firm that operates as a supplier and whose products
cannot be further broken down into assemblies, or that the analysis must
be performed at a higher level of detail for other reasons. In such a case,
the pre-selection can be done using the modified ABC analysis and the
clustering can also be done at the sub-assembly and component level.

3.3. Phase 2: execution of analytical hierarchy process

The core of the framework is the Analytic Hierarchy Process (AHP),
which is repeated for each previously formed assembly or component
family. In the following the hierarchy with its associated criteria, sub-
criteria, and alternatives shown in Fig. 4 is presented. Furthermore,
the steps of the AHP are described, which include the prioritization of
the criteria and sub-criteria, the fulfillment of the alternatives for the
sub-criteria, the consistency check, and the formation of overall scores
for the solution alternatives.

The top level of the AHP is the overall objective, which is to deter-
mine the optimal production segment allocation. “Cost”, “Innovation
Capabilities”, and “Social Impact” are proposed as criteria for deter-
mining the optimal production segment allocation. A crucial part of the
framework is to consider the impact of production segment allocation on
the innovation capability. As discussed earlier, this aspect can be central
to competitiveness, but is only marginally considered in existing models.
In addition, the costs of each alternative are compared. Since
outsourcing decisions, in particular, can have a strong impact on the
social environment, e.g., on the workforce in the case of job cuts, the
social impact of an alternative is also considered. Each criterion consists
of five different sub-criteria described in the following paragraphs. The
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number of five sub-criteria was chosen to ensure a sufficient level of
detail in the evaluation criteria and to keep the implementation effort at
a moderate level. Regarding the implementation effort, it should be
noted that in pairwise comparisons, each additional comparison factor
must be compared with all existing comparison factors, which is why the
additional effort for each additional comparison factor increases
exponentially.

The first step of the actual AHP is to prioritize the three criteria of
“Cost”, “Innovation Capabilities”, and “Social Impact” in a pairwise
comparison based on their importance to the overall objective of
determining the optimal production segment allocation. All steps of the
AHP are specific to an assembly or component family, and it is important
that the evaluations are carried out specifically for that family and not
just at a higher corporate level. Accordingly, criteria and sub-criteria
such as “Unit Cost” or “Design Capabilities” may have different prior-
ities for different assemblies. The pairwise comparison is made using the
comparison table by Saaty as shown in Table 3 [37]. All criteria are
compared one after the other and the intensity of the importance is
plotted in a collected matrix. This matrix is reciprocal so that the number
of direct comparisons can be reduced. Thus, three individual compari-
sons are made for the criteria level. The criteria are then weighted using
the eigenvalue method, see Saaty [35]. Next, a total of three runs of
pairwise comparisons, one per criterion, are made for the criteria and
their sub-criteria. Here, the priority of the five sub-criteria associated
with the parent criterion is performed. For example, the sub-criteria of
“Design Capabilities” and “Manufacturing Capabilities” are compared
with respect to their priority for the criterion of “Innovation Capabil-
ities”. The evaluations are also documented in a reciprocal matrix to
subsequently determine the weighting of the sub-criteria within the
criterion. At the sub-criterion level, 30 individual comparisons are
made, 10 for each of the three criteria. Then, all three alternatives are
compared with each other in terms of their fulfillment of the
sub-criteria. While the scale allows for a consistent representation of the
factors, in practice, it may be necessary to perform additional supporting
analysis to better evaluate the criteria and sub-criteria. In our later
application, we were able to refer back to past production segment
allocation decisions so that participants had a good understanding of the
estimation process and could easily apply the scale.

In principle, the pairwise comparisons are carried out as before and a
weighting result is obtained, which corresponds more to a concrete
evaluation. Based on three alternatives, which are compared three times
in pairs for each of the 15 sub-criteria, 45 individual comparisons are
made for the alternative level. For each alternative, the multiplication of
the weight of the associated criterion, the weight of the sub-criterion,
and the weight of the alternative for the sub-criterion is added across
all sub-criteria, resulting in an overall score for each alternative. The

Table 3
The fundamental scale by Saaty [37].
Intensity on Definition Explanation
Scale
1 Equal importance Two activities contribute equally
to the objective
3 Moderate importance Experience and judgment favor
one activity over another
5 Strong importance Experience and judgment favor
one activity over another
7 Very strong importance Activity is favored and its
dominance demonstrated in
practice
9 Extreme importance Evidence favoring one activity
over another is of the highest
order
2,4,6,8 Intermediate values Compromise is needed between
two adjacent judgments
Reciprocals If activity i is compared to j,

then j has the reciprocal with i




F. Stamer et al.

resulting overall scores help us understand which sub-criteria have high
relevance for a "Technology Multiplier". However, before calculating the
total score for each alternative, it is useful to perform a consistency
check using the consistency ratio. A consistency ratio of 0 indicates
perfect consistency, while higher values indicate greater inconsistency.
According to Saaty [37], a consistency ratio of 0.1 or less is considered
acceptable. If the ratio exceeds this threshold, it is imperative to
reevaluate the judgments. The calculation of the consistency ratio in-
volves several steps. First, the priority vector is obtained from the
pairwise comparison matrix. Next, the principal eigenvalue is derived
from this vector, which leads to the calculation of the consistency index.
Finally, the consistency ratio is obtained by dividing the consistency
index by the random index, which is a predetermined value corre-
sponding to the size of the matrix and can be found in Saaty [36]. By
comparing the consistency index to that of a random matrix, it is
possible to assess the degree of consistency in the decision process. The
calculated consistency index helps to identify potential inconsistencies
in their judgments and prompts necessary revisions to increase the
reliability of the decision-making process. The entire process can be
implemented using specialized AHP software.

3.4. Phase 3: evaluation of results

After conducting pairwise comparisons and calculating the overall
results, we carefully analyze the priority weights obtained to determine
the relative importance of the criteria and alternatives. These weights
serve as a quantitative representation of the decision maker’s prefer-
ences and are instrumental in determining the most favorable option
among the alternatives. Compared to ad-hoc decision-making, AHP
enhances the understanding of sub-criteria across different alternatives
with quantified weighted scores for each sub-criterion and alternative.

To ensure the robustness and reliability of our findings, we also
perform a sensitivity analysis on the AHP results. The sensitivity analysis
involves varying the input data, such as the pairwise comparison
matrices, within certain ranges to observe the effect on the final result.
By performing this analysis, we can assess the stability of our conclu-
sions and identify any potential inconsistencies or uncertainties in the
decision process. Sensitivity analysis provides valuable insights into the
robustness of the selected alternative and helps us understand the range
of variations in criteria weights that could potentially change the final
decision [145]. We then discuss and interpret the results of the sensi-
tivity analysis, providing a comprehensive evaluation of the AHP results
and strengthening the credibility of our conclusions. We recommend
focusing the sensitivity analysis on the weighted scores of the
sub-criteria for each alternative that have the most significant impact on
the overall score of each alternative. Systematic pairwise comparisons
can then be varied at all levels.

4. Case study results

In this section, we present the results of our comprehensive case
studies, derived from a series of four interviews with different com-
panies that frequently face make-or-buy decisions. For feasibility rea-
sons, we have shortened the first framework phase of selecting the
analysis object and focus on performing the AHP, sensitivity analysis
and evaluation of results for only one assembly or component for each
case. Case Study 1 examines the decision-making process of an auto-
motive OEM regarding the production of batteries for battery electric
vehicles, analyzed from the perspective of a production planner.
Meanwhile, Case Study 2 examines another automotive OEM’s decision
related to seat production, based on an interview with a supply manager.
Case Study 3 is conducted at the component level and was carried out
with a manager in the application engineering department of an auto-
motive supplier, focusing on the production of a subframe bearing. Case
Study 4 was conducted with production managers of a household
appliance manufacturer about the decision to produce baskets for
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dishwashers. The detailed results on sub-criteria level are included in
Appendix 1-4.

4.1. Case study 1

For Case Study 1, an interview was conducted with a production
planner from an automotive OEM company. The subject of analysis
during the framework implementation was the battery of a battery
electric vehicle (BEV). Within the company, both engineering and
manufacturing are typically involved in make-or-buy decisions and are
often directed by management. There is no standardized procedure for
the initial evaluation in the decision-making process yet, but rather a
semi-structured assessment of selected factors that is later supplemented
by more detailed cost and feasibility studies. In addition to the typical
alternatives of in-house or make-or-buy production, joint ventures are
often discussed. These often offer the advantage of increased involve-
ment and control at significantly reduced costs. Key decision factors
usually include the development or retention of strategically important
competencies, cost considerations, overall feasibility, and employee
commitment.

Pairwise comparisons yielded criteria priorities of 0.444 for “Cost”,
0.489 for “Innovation Capabilities”, and 0.067 for “Social Impact”.
Among the most important sub-criteria, given their respective higher
level criterion weightings, were “Differentiation/Customer Value Add”
at 0.231, “Unit Cost” at 0.155, “Cash Flow Impact” at 0.121, and
“Synergistic Integration Capabilities” at 0.097. These priorities were
assigned due to the high strategic importance of the battery, especially
for future market differentiation. At the same time, it is one of the most
expensive components in a vehicle, making unit costs also relevant. The
impact on cash flow is also a priority, as battery production is associated
with high investments. The battery is considered the technological core
of electric vehicles, with profound implications for the overall design
and production of the vehicle, making a comprehensive understanding
of its integration into the overall vehicle paramount. The evaluation of
the alternatives favored the “In-House” solution with a priority of 0.363,
while the “Joint Venture” option received 0.332 and the “Outsourcing”
alternative 0.305 as shown in Fig. 5. The most important sub-criterion
for an “In-House” decision is “Differentiation/Customer Value Add”,
as it is assumed that this approach can offer a technologically superior
product that is different from other vehicles. Less important concerns are
that the “In-House” solution has the highest “Transaction Costs” and
provides greater “Job Security”. In contrast, the “Joint Venture” and
“Outsourcing” alternatives better performed for “Unit Costs”. In
particular, “Outsourcing” promises a better “Cash Flow Impact” and a
better “Capital Expenditures”. All matrices of pairwise comparisons
have a consistency ratio below 0.1, indicating a sufficient consistency.
However, when performing the sensitivity analysis, it becomes clear that
certain variables of these comparisons are more sensitive than others.
Specifically, there are 13 sensitive variables. The comparisons between
the “In-House” and “Joint Venture” alternatives, as well as between the
“Outsourcing” and “Joint Venture” alternatives, both under the “Dif-
ferentiation/Customer Value Add” sub-criterion, have shown particular
sensitivity. Another sensitive comparison is between the “Innovation
Capabilities” and “Cost” criteria. For instance, as soon as the “Joint
Venture” alternative is rated as equivalent to or better than the “In-
House” alternative under the sub-criterion “Differentiation/Customer
Value Add”, the “Joint Venture” alternative emerges as the overall best-
evaluated option. The sensitivity analysis in Fig. 6 shows the changes of
the overall alternative scores when the comparative rating just between
these two alternatives for this specific sub-criterion is varied. The
sensitivity range of 1/9 to 9 is based on the fundamental scale in Table 3
and reflects the strongest preferences for one alternative over the other.
A ranking from 1/9 to 1/2 represents a preferred compared ranking of
the “Joint Venture” alternative, while 2 to 9 represents a preference of
the “In-House” alternative and 1 represents an equal rating. The analysis
indicates that “In-House” is no longer the overall preferred alternative
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Fig. 6. One-way sensitivity analysis of the comparison between the “In-House” and “Joint Venture” alternatives for the sub-criterion “Differentiation/Customer
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when changing the ranking from a slight preference of 2 to an equal with more in-depth analysis. Especially in rapidly evolving markets, it’s
importance of 1 compared with the “Joint Venture” alternative for the important to conduct ongoing assessments, as both supplier capabilities
“Differentiation/Customer Value Add” sub-criterion. and internal factors can change. In addition, the interviewee stated, that
The results of the framework accurately reflect the actual past de- in the automotive industry in particular, the transition to e-mobility and
cision to manufacture the battery in-house. The calculated weighted various crises have increased the importance of such issues. Considering
scores, which form the overall evaluation of the alternatives, also vali- the scores for the "Innovation Capability" sub-criteria of the "In-House"
date the overall decision. Although the overall scores of the alternatives alternative, the results suggest that the sub-criteria "Differentiation/
are relatively close to each other, this accurately reflects that the Customer Value Add" with a score of 0.131 has the greatest impact on a
decision-making process in this case is not trivial. For previous products, "Technology Multiplier".
an outsourcing strategy was used, while for the latest generation of
products, the decision was made to choose an in-house solution for the 4.2. Case study 2

first time due to strategic reasons. The most weighted sub-criteria
actually played a crucial role in the real decision. The sensitivity anal-
ysis emphasizes caution given the large number of sensitive variables
identified. It is advisable to create different scenarios to account for
these sensitivities. In addition, efforts should be made to increase both
the predictability and reliability of the pairwise comparisons, ultimately
leading to more informed decisions. Overall, the pre-defined criteria and
sub-criteria were found to be reasonable and largely comprehensive
beyond this particular example. It was noted that the framework can be
useful in practice, providing an initial solution that can be supplemented

For Case Study 2, an interview was conducted with a supply manager
of an automotive OEM company. The subject of analysis for the frame-
work implementation was the assembly of vehicle front seats and rear
seats. Typically, the company’s direct purchasing, finance, production,
engineering, and plant management departments are involved in make-
or-buy decisions. Standardized procedures, such as performing return-
on-investment calculations, are used to make decisions, although these
tend to be cost-driven. Other factors, such as security of supply, are also
considered, but in a less formal way. Typically, alternative actions are
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limited to full in-house production or full outsourcing. The decisions are
predominantly cost-driven, with capital expenditure playing a signifi-
cant role. Dependence on suppliers is also a key strategic factor.

Pairwise comparisons yielded a priority of 0.467 for “Cost” and
“Innovation Capabilities” and 0.067 for “Social Impact”. Among the
most important sub-criteria, when weighted by the overarching criteria,
were “Speed/Flexibility” at 0.228, “Risk of Supply Outage” at 0.200,
“Unit Cost” at 0.196, and “Manufacturing Capabilities” at 0.143. This
score reflects the company’s overall goal of achieving flexible, high-
quality production at efficient costs with a high degree of protection
against supply disruptions. The evaluation of the alternative actions led
to a preference for the “In-House™ solution with a priority of 0.583. In
contrast, the “Joint Venture” alternative received a score of 0.285 and
the “Outsourcing” alternative only 0.131 as shown in Fig. 7. The
dominance of the “In-House” alternative can be attributed to its highest
scores in all of the high-priority sub-criteria mentioned above. This was
based on the rationale that reducing the complexity of the supply chain
would lead to fewer expected supply disruptions and increased flexi-
bility. Economies of scale and the elimination of many production and
logistics processes are expected to result in better unit costs. The
increased incentive to continuously improve quality and costs implies
the expectation of building better manufacturing capabilities. Although
“Outsourcing” would have less impact on capital expenditures and cash
flow, these factors were not highly valued in this case. The “Joint Ven-
ture” alternative ranks between the other two solutions on most sub-
criteria. All matrices of pairwise comparisons have a consistency ratio
below 0.1, indicating sufficient consistency. The sensitivity analysis has
shown that there is no single sensitive variable within the pairwise
comparisons that would change the result, given that the scores of the
different alternatives diverge significantly.

The results of the framework are consistent with the company’s
previous decision to produce seats and rear benches in-house. The
calculated weighted scores, which form the overall assessment of the
alternatives, provide a good rationale for this overall decision. In fact,
the most important sub-criteria in the decision to manufacture the seats
and rear benches in-house were covered by the framework. Beyond this
case study, the interviewee expressed that the provided sub-criteria and
criteria covered all relevant aspects to make a structured, informed
make-or-buy decision in a reasonable time. It was noted that the scores
of other alternatives lagged very significantly behind the in-house de-
cision. This discrepancy is probably due to Saaty’s rating scale, as a
rating of “slightly more important” in a pairwise comparison, for
example, already leads to a weighting of approximately three times.
Considering the scores for the "Innovation Capability" sub-criteria of the

Total Alternative
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"In-House" alternative, the results suggest that the sub-criteria "Speed/
Flexibility" with a score of 0.104 as well as the sub-criteria
"Manufacturing Capabilities" with a score of 0.095 have the greatest
impact on a "Technology Multiplier".

4.3. Case study 3

Case Study 3 was conducted with an application engineering man-
ager at an automotive supplier. The subject of the analysis was a plastic
component of a car subframe bearing. In contrast to the other case
studies, which focused on the assembly level, this case study focuses on
the component level. For this study, the decision was made at the
component level rather than the assembly level. Typically, a make-or-
buy decision involves various functions such as application engineer-
ing, development, production, controlling, and even the board of di-
rectors. There is no standardized process for such decisions. However,
the stakeholders involved in the decision-making process are relatively
experienced as such issues arise frequently. It was emphasized that there
are indeed differences between new products and existing products with
established production processes. Cost considerations are often the most
important factor in decision-making.

Pairwise comparisons revealed criterion priorities of 0.529 for
“Cost”, 0.412 for “Innovation Capabilities” and 0.059 for “Social
Impact”. Among the most important sub-criteria, given their respective
higher level criterion weightings, were “Unit Cost” at 0.232, “Synergistic
Integration Capabilities” at 0.168, and “Cash Flow Impact” at 0.155. The
financial aspects are particularly important in this example because the
plastic components are relatively simple, so a favorable cost structure is
key. In addition, when considering the remaining components of the
product and mastering the plastic manufacturing processes, synergistic
effects are evident. The evaluation of the alternatives favored the “In-
House” solution with a priority of 0.516, while the “Joint Venture”
option received 0.266 and the “Outsourcing” alternative 0.218 as shown
in Fig. 8. The “In-House” solution is preferred because “Unit Cost” and
“Synergistic Integration Capabilities” were rated highest for this solu-
tion. In addition, the evaluation of “Design Capabilities” also favors this
alternative. On the other hand, the “Outsourcing” option offers a better
“Cash Flow Impact” and more favorable “Capital Expenditures”. The
“Joint Venture” alternative essentially falls between the ratings of the
other two alternatives. All matrices of pairwise comparisons have a
consistency ratio below 0.1, indicating adequate consistency. The
sensitivity analysis of the evaluations shows that there are two sensitive
variables. The comparison between “In-House” and “Joint Venture”
under the sub-criterion “Unit Costs” has the highest sensitivity as shown
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Fig. 7. Final weights Case Study 2.
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Fig. 9. One-way sensitivity analysis of the comparison between the “In-House” and “Joint Venture” alternatives for the sub-criterion “Unit Costs”.

in Fig. 9. The other comparison between “In-House” and “Outsourcing”
under the “Unit Costs” sub-criterion has a lower sensitivity since the gap
of the overall score to the “In-House™ alternative is even higher.

The framework results accurately reflect the actual decision made for
this case study. In particular, the chosen weightings and predefined
factors allowed the cost motives to be well represented. It was also
possible to consider that, in response to the increasing market demand
for lightweight solutions, synergies for plastics production could be
exploited. It was also mentioned that the implementation was under-
standable and that a practical application was conceivable. It was also
noted that for such a framework, it is essential that the decision has a
long-term strategic orientation. To achieve this, it was suggested to run
the evaluation in several iterations for different time horizons. Consid-
ering the scores for the "Innovation Capability" sub-criteria of the "In-
House" alternative, the results suggest that the sub-criteria "Synergistic
Integration Capabilities" with a score of 0.128 has the greatest impact on
a "Technology Multiplier".
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4.4. Case study 4

For Case Study 4, we interviewed three production managers from an
appliance manufacturer. The focus of this analysis was the dishwasher,
specifically its basket on a component level. Within the company, the
decision-making process typically involves the Production Management,
R&D, Purchasing, Factory Manufacturing Engineering, Controlling, and
the Executive Board. The primary drivers of the decision are usually the
alignment with the technology roadmap, cost implications, quality
standards, and service responsiveness, particularly in terms of time to
market. While the company’s standard approach to make-or-buy de-
cisions often leans toward basic cost calculations, no standardized ho-
listic process for decision making exists.

Pairwise comparisons for the overarching criteria revealed a priority
of 0.081 for “Social Impact”, 0.342 for “Innovation Capabilities”, and
0.577 for “Costs”. Going deeper into the sub-criteria, the most relevant
ones, when contextualized by their overarching criteria, were
“Manufacturing Capabilities” with 0.160, “Unit Costs” with 0.186, and
“Cash Flow Impact” with 0.186. The assessment shows that cost con-
siderations are clearly paramount. The evaluation of the alternatives
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revealed a nuanced picture. The “In-House” solution scored a priority of
0.250, with particular strengths in “Job Security” and “Design Capa-
bilities”. The “Joint Venture” alternative scored 0.345, with its best
performance in “Differentiation/Customer Value Add”. Meanwhile, the
“Outsourcing” alternative scored the best priority of 0.405, excelling
especially in terms of “Cash Flow Impact” and “Unit Costs”. All com-
parison matrices show sufficient consistency with a consistency ratio
below 0.1. The sensitivity analysis of the evaluations indicates that there
are eight sensitive variables. The most significant among them is the
comparison between “Joint Venture” and “Outsourcing” under the sub-
criterion “Cash Flow Impact” as shown in Fig. 11. Another crucial
comparison is the weighting of the criteria “Innovation Capabilities”
versus “Costs”. Additionally, the weighting of the criteria “Social
Impact” in relation to “Costs” also exhibits notable sensitivity.

Reflecting on the results, the findings were realistic and aligned with
the company’s past decisions. The usefulness of the framework was
evident, and the pre-defined factors were confirmed as relevant to the
decision-making process. It was expressed, that after using the first
indicative results of the framework it is highly important to further
quantify potential benefits of each alternative. However, a challenge
that emerged was the forecasting aspect, which requires much infor-
mation. The interviewees also highlighted that the involvement of ex-
perts from various functions is essential for a holistic and well-founded
assessment. Considering the scores for the "Innovation Capability" sub-
criteria of the "In-House" alternative, the results suggest that the sub-
criteria "Manufacturing Capabilities” with a score of 0.052, as well as
the sub-criteria " Design Capabilities" with a score of 0.045, have the
greatest impact on a "Technology Multiplier".

5. Discussion

Our proposed framework was designed based on requirements
derived from shortcomings of existing models in the literature. The
flexibility inherent in the AHP framework promotes the framework’s
“Adaptability of Factors” (3) and provides room for future refinement.
The structure of the AHP allows the framework to address “Diverse
Motivations” (4), providing users with the ability to evaluate the pri-
oritization of criteria and sub-criteria on a case-by-case basis. The case
studies have shown that there are different perceptions of the impor-
tance of individual criteria and sub-criteria among different firms. This
phenomenon can often be explained by the fundamentally different
value proposition that these firms have within their respective industry.
For example, Case Study 1 involved a premium car manufacturer, and it
highlighted the critical importance of differentiation, particularly in the
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high-performance metrics related to powertrain and battery in the lux-
ury segment. Their strategic priorities aligned with a focus on enhancing
the product’s ability to differentiate itself. By contrast, Case Study 2
pertained to a car manufacturer that aimed to reach a broader market.
Their focus was on optimizing production processes for efficiency and
cost reduction, making their technology accessible to a wider range of
customers. Case Study 3 dealt with an automotive supplier producing
plastic components for its end product that were essential to the func-
tionality but may not have been directly linked to the perceived quality
by the end consumer. As a result, the company’s focus was on cost-
effectiveness. Similarly, Case Study 4, which focused on a home appli-
ance manufacturer, revealed that although the product was essential, it
was relatively straightforward. The basket was expected to meet basic
criteria and be priced affordably, as it did not have a significant impact
on the perceived quality of the overall product. In Case Study 1, there
was a strong emphasis on innovation, with decisions being driven by a
strong focus on developing new capabilities, particularly in-house. In
contrast, Case Studies 2 and 3 balanced their approach between cost and
innovation, also favoring in-house production. On the other hand, Case
Study 4 prioritized cost over innovation, leading to a preference for
outsourcing. The different emphasis on innovation may be explained by
the technological intensity of the products in each case. For example, the
high-tech nature of the products in Case Study 1 may require a greater
focus on innovation, while the lower-tech products in other cases, such
as Case Study 4, allow for a more cost-oriented strategy. We effectively
addressed the “Qualitative and Quantitative Goals” (2), balancing ele-
ments such as innovation capabilities with tangible metrics like costs.
The inclusion of the “Innovation Capabilities” criteria with its specific
sub-criteria ensures comprehensive “Consideration of Innovation Ca-
pabilities” (7). The “Operationalizability of the Approach” (1) was
notably demonstrated in our case studies, as all interviewees indicated
its suitability for real-life make-or-buy decisions with reasonable effort.
The framework’s ability to address requirements for the “Use at the Sub-
Assembly Level” (5) is evident as we incorporated this in the definition
of the sub-criteria and validated its application in Case Studies 1 and 2.
Finally, through the conducted case studies, the framework’s “Appli-
cability from a Production Perspective” (6) was substantiated, as
corroborated by feedback from interviewees in the production domain.
The general robustness of our proposed framework is underscored by the
feedback from our case study participants. Not only did they acknowl-
edge that the framework facilitates well-reasoned decisions for the case-
specific examples, but they also confirmed that the criteria and sub-
criteria we selected encompassed the key metrics essential to a make-
or-buy decision. In order to include aspects of a production segment
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Fig. 11. One-way sensitivity analysis of the comparison between the “Joint Venture” and “Outsourcing” alternatives for the sub-criterion “Cash Flow Impact”.

allocation decision that go beyond a short-term cost-driven consider-
ation in the sense of a "Technology Multiplier", the consideration of the
sub-criteria could provide initial information. In particular, the sub-
criteria of the "Innovation Capabilities" criterion for the "In-House"
alternative are highly relevant here, as they cover aspects that are value-
creating for manufacturing companies when integrating a production
segment into their own production system. In all case studies, the set of
sub-criteria derived from the literature was generally rated by the case
study participants as complete and largely free of overlaps for the de-
cision. Each of the sub-criteria of the "Innovation Capabilities" criterion
was a driving factor for considering integration into the company’s own
production system in at least one case study. The case studies are
therefore an initial indication that the selected sub-criteria can signifi-
cantly justify why the integration of a production segment into one’s
own production system can be value-creating. Therefore, the concepts of
the sub-criteria of "innovation capability" proposed in this paper should
be considered in the further development of a "Technology Multiplier"
concept. In order to facilitate the conversion of observed preferences
into driving metrics for a "Technology Multiplier," it will be necessary to
further refine them in accordance with the preliminary framework
shown in Fig. 1.

While our framework provides advanced solutions for make-or-buy
decisions, it has limitations. First and foremost is the challenge of
subjectivity. Because it is based on human judgment, there is a potential
for bias or differing interpretations. In particular, the AHP introduces
issues of scale, as evaluators may weigh criteria differently, potentially
yielding different results even with identical data. This variability can
limit the reliability of the framework across users. As comprehensive as
our framework is, it does not account for unpredictable variables, such
as sudden market shifts or supply chain disruptions. The structure of
AHP allows for a summation of the evaluation of individual factors.
From an architectural perspective, not including “KO” criteria could
overlook important non-negotiables for certain scenarios. In applying
the AHP, it is essential to maintain linear independence among the
selected criteria and sub-criteria. Efforts have been made to make these
elements as distinct and non-redundant as possible. However, the
inherent complexity of specific cases and the qualitative attributes of
certain sub-criteria mean that the complete elimination of in-
terdependencies may not always be achievable in real-world settings
[41]. Finally, our conclusions are also based on the results of specific
case studies. While these provide valuable feedback, they may not
encompass all possible scenarios and industries, potentially affecting the
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generalizability of our findings. In order to account for the effects of
subjectivity and the differences between different industries, it would be
advisable to consider this in follow-up studies. According to the pre-
liminary framework that has been proposed in Fig. 1, it would be highly
beneficial for future studies to be conducted with a higher number of
case studies in specific industries on a specific product.

Overall, based on the continuous alignment with the defined re-
quirements in the framework design and the insightful feedback from
our case studies, the framework appears to adeptly address the defined
criteria. However, while it presents itself as a promising tool in the
make-or-buy decision landscape, the acknowledged limitations under-
score areas for potential refinement and emphasize the importance of
contextual application.

6. Conclusion

The make-or-buy decision has long been a pivotal point for
manufacturing firms to decide whether to produce components in-house
or to purchase them from external suppliers. In response to the limita-
tions observed in traditional decision frameworks, our research aimed to
establish a more comprehensive and adaptable framework based on the
AHP with a strong focus on innovation capabilities to ensure the long-
term competitiveness of production systems. We deepen the under-
standing of the "Technology Multiplier" by applying the AHP specifically
to segment allocation within the manufacturing sector. Our methodol-
ogy goes beyond the conventional use of AHP by incorporating a
sensitivity analysis component that allows for the consideration of po-
tential uncertainties and by using the AHP as a proxy for relevant
innovation metrics. Rather than simply identifying a superior option,
our use of AHP has facilitated the discovery of key metrics associated
with the "Technology Multiplier".

We conducted several case studies within manufacturing industries.
These industries are undergoing significant changes and developments.
The subjects ranged from battery production, seat production, and
subframe bearing production to the production of baskets for dish-
washers, each offering unique insights and specific concerns to the de-
cision process. Our framework was not only able to reflect the real
decisions made by the companies in our studies, but also provided
valuable insights into the underlying criteria driving those decisions. In
addition, the feedback from respondents was largely positive, under-
scoring the framework’s real-world applicability and effectiveness. By
systematically evaluating both qualitative and quantitative objectives,
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our framework promises a holistic assessment of various make-or-buy
scenarios. However, like all frameworks, it has its limitations. The
inherent subjectivity of AHP provides flexibility but also introduces
variability. Our study identified potential biases, scaling challenges, and
unexpected market variables as major concerns.

In conclusion, our proposed framework represents a leap forward in
refining the make-or-buy decision process, particularly in industries
where innovation considerations are paramount. While it lays the
groundwork for a more nuanced, adaptable, and comprehensive deci-
sion framework, it also paves the way for further research to refine its
methodology and expand its applicability. Future efforts in this area
must seek to address the limitations of the framework and ensure that
manufacturing firms can rely on it as a valuable tool for navigating the
complexities of segment allocation when designing their production
systems. From the results of our study, we have identified factors that
are likely to be of significant importance in relation to the “Technology
Multiplier” concept. Integrating our decision framework as an indica-
tion, combined with the “Technology Multiplier” concept for a more
robust quantification, seems to be a promising approach for future
research. In line with our preliminary framework, future research should
focus specifically on understanding the various metrics by different in-
dustry and product in order to then quantify the "Technology Multiplier"
in more detail.

Appendix A. Final weights Case Study 1 by sub-criteria
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Appendix B. Final weights Case Study 2 by sub-criteria
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Appendix D. Final weights Case Study 4 by sub-criteria
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