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ABSTRACT

Systems design, being a socio-technical discipline, is highly affected by available technologies, the
global economy, the state of the environment, and social issues. Hence, in recent years, the ultimate
objective of design started to shift from best-performance systems to ones providing value to customers,
enterprises, and society. This paper presents a holistic concept of system value, equipping the
stakeholders participating in the design process with a broad view of this measure. The contribution of
this paper includes a proposal for general system value taxonomy, which can be used as a foundation
for a comprehensive, case-specific, system value model (SVM). As an all-round perspective of value is
possible only when all stakeholders are represented, we suggest deploying the PSI framework for
mapping the relevant stakeholders. The system value analysis of Tesla's Model Y electrical vehicle is
demonstrated, as a test case for SVM application. We conclude that a detailed analysis of SVM,
performed by a carefully chosen group of diverse stakeholders, highlights less conventionally discussed
aspects of the system during design decision processes, hence is expected to improve the system's overall
value.
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1 INTRODUCTION

In recent years, the ultimate objective of design started to shift from best-performance systems to ones
providing value to customers, enterprises, and society (INCOSE, 2021). The value-focused approach
to the design process enhances the creation of new alternatives, guides strategic planning, and
facilitates multi-stakeholders' decisions (Keeney, 1992). Thus, the notion of value should be
instrumental throughout the system lifecycle, from the requirements elicitation phase, throughout the
design process, and up to the retirement plan. It is recognized that compliance with the system's
performance and functionality requirements is not enough for optimal system design and might result
in a considerable loss of value (Hazelrigg, 1998). A holistic concept of system value, considering the
multifaceted socio-technical environment, is essential in a modern, highly connected, and dynamic,
world.

Design and system engineering (SE) practices tend to adopt quantifiable value measures. Commonly,
various aspects of value are converted into a single dimension, enabling design alternatives evaluation
and comparison. The value engineering method refers to value as the ratio between the worth of an
item and its actual life-cycle costs (Mandelbaum & Reed, 2006; SAVE International, 2021).
Approaches applying the multi-attribute utility theory in design suggest that the value measure is a
one-dimensional utility function, mainly representing monetary value. The value-driven design (VDD)
method is a prominent example, defining system value as a combination of system attributes converted
into a comparable scalar score (Collopy & Hollingsworth, 2011), in most cases conveying the
monetary value of a system. Studies applying multidisciplinary system design optimization (MSDO)
generally employ quantifiable value metrics, such as total system cost (Sternberg, et al., 2015), or
conjoin engineering and financial design expressing value through performance, cost, and revenue
(Markish & Willcox, 2003). Some researchers integrate the MSDO approach with VDD, also
representing value as a monetary measure (Kannan, et al., 2020). Several design approaches
incorporate qualitative elements of value: the value-sensitive design aims to design technology
accounting for human values; the value-based software engineering (Boehm, 2006) aspires to reach
maximal satisfaction of the success-critical stakeholders.

A holistic view of value is possible only when all stakeholders are represented, however, it seems that
this aspect is seldom covered. While the value proposition of product-service systems (PSS),
comprising integrated solutions of products and services, should address multiple stakeholders and
consider the complete lifecycle of a system (Martins & Rozenfeld, 2019), it usually includes only the
customer's and provider's value analysis, with the latter being less dominant (Matschewsky, et al.,
2020). In value-based requirements engineering (VBRE), the prevalent criteria for prioritizing the
requirements are their cost and importance to identified stakeholders, usually the customers. However,
as the stakeholders' views are typically partial, the result, although improving projects' success rates,
does not optimize system value. Globalization and resource scarcity emphasize the need for inclusive
stakeholders’ mapping during system value assessment.

As a socio-technical discipline, complex systems design is highly affected by available technologies,
the global economy, the state of the environment, and social issues. As a result, the definition of
system value is inclined to change from the conservative performance vs. cost formula to a more
inclusive measure. The need for such a general notion of system value and the absence of one, is
widely recognized (Design Council, 2020; Watson, et al., 2020; World Economic Forum, 2020;
INCOSE, 2021).

Our goal is to equip the system stakeholders participating in the design process with a wide view of
the value measure, frequently determining the success of a system. The contribution of this paper
includes a proposal for general system value taxonomy, which can be used as a foundation for a
holistic, case-specific, system value model (SVM). For this purpose, the paper is organized as follows.
Section 2 describes the stakeholders to be taken into account during the value model formulation and
the methods for their inclusive mapping. Section 3 elaborates on the proposed SVM taxonomy.
Section 4 summarizes the use case of Tesla’s electric vehicle (EV) SVM. Finally, section 5 discusses
the potential utilization of holistic system value definition, including a comparison of the proposed
system value model to the PESTEL framework, and presents future research directions.
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2 STAKEHOLDERS OF THE SYSTEM

Menger (2007) claims that "value does not exist outside the consciousness of men". We agree with this
observation and argue that if a system emerges from a vacuum, created without utilizing any
resources, and no one recognizes its existence or deploys it, the system's value is annulled. Following
this reasoning, the value of a system is dependent on its stakeholders, involved in each phase of its
lifecycle: imagining the system or the product, coveting it, designing it, using it, influenced by it,
selling it, disposing it, or even remembering that such a system existed, either as nostalgia or for
learning from experience. Each feature of the system contributes to its value only if there exists a
stakeholder appreciating it. Otherwise, as each attribute is generated through resource investment, an
unnecessary feature lessens the overall value of a system. This "unproductive labour™" destroys value,
e.g., the resources invested in creating features unvalued by customers, or the re-work required to
repair the product after-sale (Bowman & Ambrosini, 2002). Negative components of value should also
be considered, as a system might have negative, as well as positive, impacts. Therefore, to define
system value properly, all related stakeholders should be identified.
PSI (Reich & Subrahmanian, 2022), being a framework for modelling design contexts, can be
deployed to map the relevant stakeholders. The problem space (P) specifies the scope of the problem,
including the definition of the issue to be solved and its context. The social space (S) analyses the
participants of the design process, including their skills and motivations. The institutional space (1)
addresses the procedures used to execute the design, including the organizational structure and
methods. Analysis of the problem, social, and institutional spaces in the multi-layer PSI network
model reveals the incentives of each stakeholder and the relationships between them. To perform
successfully, the spaces of the PSI layers and matrixes should be aligned. We suggest the SVM be
used as an alignment tool between the PSI components.
At this initial phase of holistic SVM development, we specify three PSI matrixes representing major
stakeholders’ groups:
e  customers, who could be individual consumers or entire business organizations
e society, including local and global community, mankind, and in some cases, the industries in the
same business
e the enterprises, including all organizations involved in the system’s design, manufacturing, and
commerce
Each PSI matrix could include one to three layers: vision (V), alignment (A), and operation (O). The
matrix should be constructed according to the specific case. For example, while approaching a
commodity product, the customer-representing matrix could include a single layer. However, for a
governmental purchase, the customer matrix embraces all three layers. The society matrix may include
the government, local community leadership, and the citizens. Each group may be represented by a
single layer in the matrix or by a separate matrix, according to the issue. The enterprise matrix O-layer
includes those executing the design: system engineers, designers, and manufacturers. Its A-layer
comprises groups managing the infrastructure processes supporting the design, such as mid-range
management, human resources (HR), information technology (IT), quality assurance (QA), and other
organizational processes. The V-layer includes the organization's leadership outlining the vision and
the strategy. In some cases, a detailed analysis of the enterprise stakeholders will require more than a
single PSI matrix, including subcontractors, manufacturing plants, suppliers, etc. (Reich &
Subrahmanian, 2022).
Figure 1 illustrates an example of a PSI network model of system design. The analysed system is an
industrial air filter reducing the pollution caused by manufacturing processes. Each stakeholder group is
represented by a 3-layer PSI matrix. The customer is a production plant. At the customer's operational
layer (Oc) is the manufacturing facility generating the pollution. The characterization and the purchase of
the filtration system are at the alignment layer (Ac), verifying that the facility's emissions meet both the
governmental regulations and the management's vision (Vc) of sustainable manufacturing. Society is
represented by the local and global community (Ss in Os), while the regulations are set at the alignment
level (P's in As), according to the global community vision (Vs). The enterprise matrix includes system
design at the operational layer (Oe), and an alignment layer (Ae) synchronizing the system design with
top-level management vision (Ve). Each of these stakeholders owns a specific perspective on the system
value, originating in their PSI layer position, the specific role they fulfill, and their personal and
organizational values. The depicted connections partially reflect the network inter-relations. Link (1)
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means that the problem space of the customer, in this case, air pollution reduction, is a part of the
problem space of society. Link (2) illustrates that the employees of the polluting plant (Sc) are also a part
of the society’s social space (Ss), as they are a part of the community. Link (3) demonstrates that the
pollution problem the society faces is part of the problem space of the enterprise designing the filtration
system. Link (4) emphasizes that the vision of the customer and the enterprise are related, as a customer
with high environmental awareness is likely to turn to an enterprise with similar values.
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Figure 1 — lllustration of exemplar PSI network model of system design

To generate an all-inclusive and balanced SVM, the stakeholders should execute a well-planned and
controlled process. A diverse group of stakeholders, representing distinct value enablers, should be
introduced with achievable benefits of the system, as well as with the required costs (Lavi & Reich,
2022).

While recognizing the stakeholders, and examining their position regarding system value, multiple
perspectives should be brought to attention. Ethical, environmental, emotional, technical, and
commercial are several of the views influencing the decisions making in the design process. The eco-
system of the stakeholders’ groups should be considered as well. As opposed to free market mechanisms,
frequently allowing the natural alignment of stakeholders’ interests, system design requires initiated
consideration and aggregation of the utility created by the system for all stakeholders (Hulse, et al.,
2019). As organizations must align employees’ values to perform efficiently (Drucker, 2009), so must
the participants of the design ecosystem coordinate the value they observe in the system.

3 VALUE MODEL PROPOSITION

Value is specific for each design and every system. Our goal is to propose a generic SVM to be used
as the foundation for a specific system value exploration. We follow the logic described in the
previous section and compose the model from stakeholder-perspective value segments. Figure 2
illustrates the SVM taxonomy. SVM is composed of customer-related, society-related, and enterprise
values.

[ System value model (SVM) ]
Customer Society Enterprize
i ™y N R ™y ™
Operational Economic Ecological Economic Eelational Structural
valie valie value valie value vale
e A AN, AN A A
' A ™ N Sy ™y
Emotional Social o . Financial Human
valoe value Collective well bemng value capital
b AN AN A AN Iy
Figure 2 - The system value model
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The customer-related value segment is characterized by the following dimensions:

e  Operational value denotes the system’s compatibility with the customers’ current and future
needs, such as applicability, efficiency, quality, and safety.

e  Economic value represents the change in the financial state of the customer over time, as induced
by the system.

¢  Emotional value demonstrates the impact the system has on the customer’s emotional wellness,
as well as the correlation of the system's deployment, design, and manufacturing methods, to
ethical values.

e  Social value reveals the impact of the system’s ownership and operation on the customer’s
alliance formations and public image.

The society-related value segment refers to a wider influence the system has on indirect stakeholders,

which usually are not involved in system design. This segment includes the following elements:

e  Ecological value is the system’s impact on the ecological ecosystem, such as natural resources
preservation, climate change, and eco-footprint. It refers to a system’s complete lifecycle,
including deployment and manufacturing.

e  Economic value includes the system's donation to the financial assets of the community and the
state, such as intellectual property, fixed assets, and national productivity.

e  Collective well-being is the system’s influence on the life quality of society, considering all
social groups. Prominent examples are connectedness, equal opportunities, and social wealth.

The enterprise-related value considers the implications of the system on all organizations taking part in

its lifecycle. This segment comprises the following components:

o Relational value is the impact of the system's lifecycle ownership on the firms’ ability to form
productive long-lasting relations with stakeholders, such as customers, suppliers, investors, and
even competitors.

e  Structural value contains the tangible and intangible assets the lifecycle ownership of the system
donates to the organization. It may include intellectual property, advanced manufacturing and
design methods, productivity enhancement, and even improved organizational culture.

e Financial value represents the change in the firms’ economic performance, as a consequence of
their involvement in the system’s lifecycle. It includes conventional accounting indicators, such
as net and gross profit, in addition to the impact on future potential earnings expressed by the
stock market value and the market share.

e Human capital represents the ability of the organization to recruit and retain highly skilled and
effective employees. Furthermore, it reflects the skills and the well-being of the personnel.

Value is a complex property of a system, owning structure and properties (Francesco & Paoletti,
2022). Understanding system value characteristics and the dependence of value on internal and
external factors, support design optimization and are likely to improve design methods (Lavi & Reich,
2022).
The SVM presented in this section seeks to include all elements relevant to decision-making junctures
in system design. It could be used either to outline the discussions accompanying these processes, to
assure all aspects are considered, or to perform design optimization. The latter requires quantification
of the system value measure. As the system value should be adaptable to a specific system, the
addition or reduction of elements is enabled. Further study will elaborate on these processes, as well as
suggest prioritization and quantification schemes of system value components.

4 USE CASE - TESLA VALUE

To exemplify SVM analysis, we have examined the 2022 Tesla Model-Y EV. The information used as
analysis input was collected from academic and press publications, along with Tesla company reports.
While this example emphasizes the scope and the data required for system value analysis, the
conclusions might vary with a different perspective, at varying points in time, or with newly
discovered knowledge.

At this preliminary phase of the research, we assume all dimensions have equal weight and use a
qualitative, rather than quantitative, analysis. These assumptions could be relaxed in the future, for
example, by using methods such as the analytic hierarchy process (AHP) (Saaty, 1990) to prioritize
SVM dimensions.
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4.1 Customer-related segment of value

The operational value of Tesla's Model-Y lies in improving the life quality of the owner by enabling
mobility. However, as this function is supplied by all private vehicles, additional factors, such as
efficiency, reliability, and safety should be examined. Model-Y implements effective safety measures,
excelling in this aspect (I1HS, 2022). Its battery is considered efficient, enabling long ranges between
charges (Forbes, 2022). However, the reliability of Model-Y is regarded as problematic (CNBC, 2021;
CR, 2022).

The economic value of Tesla EV to the customer should be analyzed against other available means of
private or public transportation. Although Tesla presented that the five years average ownership costs of
Model 3 are roughly identical to the Toyota Camry Internal Combustion Engine (ICE) conventional vehicle
(Tesla, 2020), this component of value heavily relies on the personal circumstances of the customer, such
as financial state and location. Hence, a generic evaluation of the economic value is ineffective. Detailed
analysis of all possible states, while exceeding the scope of this paper, provides an understanding of the
impact factors, and contributes to decision-making both by the customer and by the enterprise.

Emotional value: Ownership of Tesla EV correlates with the personal value of caring for nature, as
described in the refined theory of basic human values. Therefore, it has a positive emotional value for
the customer. It could be argued that EV contribution to sustainability is disputable. The balance
between CO2 emissions reduction in EV operation and the pollution produced by manufacturing and
charging processes could take years and is location-dependent (Buekers, et al., 2014). However,
objectivity is less relevant for this element of SVM. Emotional value is a perceived utility derived
from feelings or affective states (Sheth, et al., 1991), so it is influenced by marketing efforts, brand
image, and the perceived green value of the product.

Social value: As a vehicle is classified as a highly visible product, its choice is often driven by the
social image it evokes (Sheth, et al., 1991). The social value of EV lies in the innovative and
environment-conscious public image it creates for the customer (Forbes, 2020).

4.2 Society-related segment of value

Ecological value: Wide adoption of EVs reduces CO2 emissions (Wolfram, et al., 2021), and
eliminates the use of gasoline resources. However, a true positive ecological value for the global
society depends on the EVs related environmental hazards management, such as cobalt and lithium
recycling (Hannan, et al., 2018).

Economic value: Tesla stands at the forefront of the technology innovation environment promoting
disruptive technologies (Liu & Meng, 2017), and the data collected by a single car contributes to the
general effort. This component of value is specifically emphasized by Tesla, as the company's patent
pledge releases all its patents for activity related to EVs to promote sustainability (Tesla, 2014).
Furthermore, Tesla improves community productivity by creating multiple job opportunities in its
facilities (US Department of Energy, 2017), while localizing vehicle production and optimizing
factories for local workforces (Tesla, 2022). Model-Y specifically is manufactured in California,
Texas, Shanghai, and Berlin (Tesla, 2022) contributing to the economic value of local communities.
Collective well-being: Although Tesla as an enterprise is committed to accelerating the world's
transmission to sustainable energy, which in its turn is expected to improve the life quality and health
of society, we must note that current analysis evolves around Tesla's single product and its impact on
the collective well-being. Viewing Model-Y independently of the ecosystem, one might assume that it
has a negative impact on the collective well-being, as private vehicles overload the roads and cause
traffic congestion. However, this component of value is also context-dependent. Allegedly, an EV
causes less pollution than a conventional ICE vehicle. This claim is subject to the location of the EV's
manufacturing facilities and region of deployment, following dependency on local clean energy
production (Buekers, et al., 2014).

4.3 Enterprise-related segment of value

Relational value: Model-Y further established Tesla as a successful automotive company. Its top-
rated safety rating (Euro NCAP, 2022), along with high performance and energy efficiency (Forbes,
2022), strengthens the enterprise's reputation and its ties with customers, contributing to the relational
aspect of value. As evidence, Tesla's Model-Y was the top registered new car in Europe in September
2022 (Reuters, 2022).
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Structural value: Model-Y's popularity steadily enhanced Tesla's manufacturing processes,
increasing production rates in the company's Gigafactories located in California, Texas, Shanghai, and
Berlin (Tesla, 2022), positively affecting the structural value component. Large-size castings deployed
in Model-Y production are innovative and have never been mass-produced before (Tesla, 2022). This
capability adds an advantage to Tesla and brings new methods to the entire automotive industry.
Furthermore, Model-Y is the first to inhabit the advanced 4680 battery cells expected to increase the
range and decrease the overall weight of the car ( Inside EVs, 2022).

Financial value: Tesla's gross profit in the automotive segment raised from 751 million dollars in the
first quarter of 2019 (Tesla, 2020) to 5,212 million dollars in the third quarter of 2022 (Tesla, 2022),
becoming the industry's highest gross margin of 27.9% (Forbes, 2022; Tesla, 2022). The assumed
29.4% gross margin specifically for the China-produced Y model (Inside EVs, 2021); the high volume
of Model Y and 3 vehicles, sharing a common platform and largely utilizing similar parts, likely
driving down production costs (Forbes, 2022); and the high 94.5% share of Model-Y and 3 of Tesla's
automotive deliveries in the third quarter of 2022 (Tesla, 2022), lead to conclude that the Model-Y has
a highly positive financial value for the Tesla company.

Human capital: Tesla more than multiplied its workforce between 2019 and the end of 2021, when in
December 2021, its workforce included 99,290 employees worldwide (Tesla, 2022). It has opened
local Gigafactories in China, Germany, and Texas, manufacturing Model-Y EVs, enabling local
recruitment. The advanced technologies deployed in Model-Y manufacturing, including innovative
batteries, are expected to attract and retain a quality workforce. The multiple pieces of evidence are
Tesla being second at the top choice of graduate engineers, receiving more than three million unique
applicants in 2021, and improving employees' satisfaction over time (Tesla, 2021). Consequently,
Model-Y positively influenced the human capital of Tesla enterprise.

This section qualitatively analyses the discrete components of system value. While the overall
impression is that Model-Y has a positive system value, both inclusively and for separate
stakeholders’ segments, further research will include quantification and ranking of the SVM elements
to provide more applicable insights.

5 DISCUSSION AND CONCLUSIONS

SVM is intended to facilitate the SE decision-making processes with constructed criteria, broadening
the discussions, and assuring the holistic impact of the system is considered. The SVM analysis can be
performed either for a single property of the system, for a constituent system, or for the complete
product. Actual use of SVM in practice could be performed as illustrated in Figure 3, depending on if
the system already exists or is being designed.

(1) | Map relevant stakeholders using PSI

(11) © Create a dialogue to define the system

::::::::Z::::Z:::::::Z::::Z:::::::Z:::I::::::Z::::Z:::::::Z::::Z:::::::Z:I:ﬁ

(111) ' Further elaborate stakeholder's collection until most important perspectives are covered |
P 2
(iv) Stakeholders articulate their values and develop priontization

¥

(v) | Stakeholders engage in a dialogue to arrive at a consensus related to value components
and priorities

) Joint system specific SWVM analysis

Figure 3 - SVM evaluation process, for existing and future systems. Steps (ii) and (iii) are
relevant for future systems only.

ICED23 3291

https://doi.org/10.1017/pds.2023.329 Published online by Cambridge University Press


https://doi.org/10.1017/pds.2023.329

The generic SVM structure presented in Figure 2 includes multiple broad perspectives, some of which
might be irrelevant to a specific system. For example, the emotional value element, while relevant for
most personal use products, probably will not be included in the evaluation of an anti-virus software
system for an organization. Hence, to enable further flexibility in SVM interpretation, in future work
we intend to detail the processes of adding or removing components from the model to enable its
adjustment to the analysed system.

While evaluating the enterprise-related segment of SVM, the user of the model should pay attention to
analysing the impact that a specific system has on the enterprise, rather than the general performance
of the organization. In contrast to the PESTEL framework (Sammut-Bonnici & Galea, 2015),
investigating the external political, economic, social, technological, environmental, and legal factors
influencing the enterprise, the SVM is dedicated to a single system’s holistic impact on its
stakeholders. For example, Tesla's exclusion from the S&P 500 ESG Index (Dorn, 2022), is
presumably irrelevant to Model-Y's value to Tesla company. Whereas PESTEL is essential to
organizational strategic planning and understanding its DNA, the SVM focuses on a specific system
and its value to the company and other stakeholders. Therefore, these models are complementary
rather than substitutable.

One of PESTEL’s limitations is its purely qualitative nature, which does not offer specific guidelines
for criteria ranking or objective quantification, required to emphasize relative importance or rationally
compare alternatives (Yuksel, 2012). As to SVM, further research will define prioritization and
quantification schemes enabling comparable results and practical conclusions.

While performing the SVM analysis demonstrated in the previous section, we realized that although a
generic SVM structure can be designed for a generic type of system, the analysis and the evaluation
should be performed for a specific system and specific stakeholders. Had Model-Y been designed in
another era, by a different company with dissimilar core values, our SVM analysis would substantially
alter. This conclusion is expected due to SVM characteristics, such as being context-dependent and
biased (Lavi & Reich, 2022).

An additional conclusion drawn from Tesla's Model-Y SVM examination process is the evaluation's
dependency on the objectivity, coverage, and resolution of the available information. Multiple pieces
of evidence of the system's influence on the enterprise, along with the specifications of the system, are
supplied by the enterprises themselves. Because of the apparent conflict of interests, the data might be
partial or presented in a biased nature, affecting the assessment of SVM components. Furthermore,
superficial knowledge or low-resolution data might distort the conclusions. For example, ignoring
Model-Y reliability issues, or disregarding the pollution caused by its manufacturing processes, will
diminish the potential effect of value analysis, and cause the erroneous course of action of multiple
stakeholders.

Returning to the approaches described in the introduction section, it is now possible to claim that the
proposed SVM substantially varies from a unidimensional value estimation. Detailed analysis of
SVM, performed by a carefully chosen group of stakeholders, highlights less conventionally discussed
aspects of the system during SE decision processes, hence is expected to improve the system's overall
value.
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