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Abstract

Systems design methods should aim for systems creating value. The decision-making processes in system engineering strug-
gle to optimize this objective; however, even though the traditional concept of system value as a purely economic metric is
recognized as deficient, a well-defined and standard conceptualization of comprehensive system value is still lacking. This
study set out to facilitate different stakeholders, involved in developing systems, with a broad perspective on value. We define
the system value as the system's holistic impact, encompassing the multi-domain effects on processes, environments, and
stakeholders. This inclusive view, to be used by practitioners designing systems and policies, is expected to update existing
practices and enhance resulting systems. This paper renders an extensive review of value references in multiple domains,
both in system engineering and external, non-engineering, disciplines, and sets the foundation for a revised framing of value
in systems engineering. To enable future applications for systems optimization, system value is thoroughly characterized,
including its dependency on internal and external factors. This research lays the groundwork for problem formulation of a
system value measure, its application in system engineering methods, and further analysis of the subject, both for engineered

and non-technical systems.

Keywords Multidisciplinary value analysis - System evaluation - System value - Value characteristics - Value-oriented

design - Value-oriented systems engineering

1 Introduction

Throughout the history of humanity, the quest for value
influenced principal decisions both on global and individual
levels. While highly desirable and frequently applied as a
'principle used for evaluation' (Keeney 1992), value is also
an abstract concept with ambiguous interpretations compro-
mising its reliability and validity as a measure (Sanchez-
Fernandez and Iniesta-Bonillo 2007; Gallarza et al. 2011;
Gronroos and Voima 2013; Reber et al. 2021).

From a systems engineering (SE) perspective, we pur-
sue to design the best system we can, whereas, intuitively,
the best is associated with the most valuable. Tradition-
ally, the SE point of view on system value includes mainly
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functionality, performance, and cost components. These
are measurable and convertible, as functionality and perfor-
mance costs can be estimated. Additional perspectives on
value, which should be highly influential on many phases of
the design process, to create a system embracing all stake-
holders’ needs, are currently neither well characterized,
nor deeply embedded in SE practical methods. These value
components are complicated to define and measure, and
their evaluation scales vary, causing immense difficulties to
employ them in SE processes.

While challenging to specify, value is a fundamental
property of any system, either engineered or not (Anders-
son and Johannesson 2019). We ascribe it to the secondary
category of system's properties, as in contrast to a primary
objective feature, such as size or weight, value is relative
to the evaluator (Francesco and Paoletti 2022). This is only
one of the multiple complications associated with the system
value definition.

It has been observed that a value-focused thinking
approach to the design process enhances the creation of
new alternatives, guides strategic planning, and facilitates
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multi-stakeholders' decisions (Keeney 1992). Hence, the
concept of system value should be instrumental throughout
the system lifecycle, starting at the need identification and
requirements elicitation, and up to the maintenance schedule
planning and retirement. The following examples illustrate
potential applications: (1) selection of preferred system
design alternative, whether by the SE team or the customer,
employing system value as leading criterion; (2) require-
ments analysis identifying major influences on the system
value, mapping the requirements to focus on the architecture
conceptualization and the detailed design phases; (3) design
optimization, with system value serving as an objective
function; (4) sensitivity analysis of the system architecture
as a function of the design variables; if a minor modification
in a certain component or attribute of the design causes a
major change in the system value, it might lead to system
architecture modification to eliminate the excess design sen-
sitivity; (5) system value monitoring throughout the design
process, impacting detailed design decisions and bridging
the gap between the top-down systems engineering and the
bottom-up detailed design; and (6) system maintenance and
upgrade plan, to preserve high system value throughout the
lifecycle.

Publications related to system value are organized mostly
around value-driven design (Brown et al. 2009; Collopy
2009; Bertoni et al. 2018) and value-based requirements
engineering, the latter originating mainly in software sys-
tems design (Hujainah et al. 2018). While these methods
typically strive to optimize economic value, a recognition
of a need for a more inclusive perception starts to permeate
the SE community. It is observed that the evaluated sys-
tems encompass dimensions outside the technical horizon
and the set of stakeholders is wider than was acknowledged
in standard SE methods (Bertoni et al. 2019). The original
formulation of the value-driven design (VDD) approach
does not directly cover the assessment of the qualitative
part of value and is strongly oriented towards mathematical
optimization, rather than focusing on enhancing engineers’
awareness of the multidimensional aspects of value, facili-
tating decision-making (Bertoni 2013). In recent years, the
VDD reference to value has evolved to include qualitative
intangible factors (Bertoni et al. 2018) along with a more
inclusive set of stakeholders (Bertoni et al. 2019). The World
Economic Forum (2020) states that the system value, driving
the decisions on solutions for economic growth acceleration
and clean energy transition, can no longer be the levelized
cost of energy (LCOE), and a more holistic view, evaluating
economic, environmental, social, and technical perspectives,
should be applied. The Design Council (2020) establishes
that the value of design cannot solely be captured by quan-
titative methods; however, an appropriate framework for
holistic assessment of design value is still to be specified.
NASA, while defining the system value as the worth of the
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system to a stakeholder, considering system capabilities and
the system’s lifecycle costs, claims that 'the best method of
forming system value models is still an open research ques-
tion' (Watson et al. 2020). INCOSE (2021) establishes the
importance of integrated system value in design decisions
and acknowledges the need for research on system value
foundations. Whilst the gap is acknowledged, few published
studies have systematically analyzed the general notion of
system value.

Our goal is to facilitate the stakeholders, including the
system engineer, with a wider perspective of the measure
frequently determining the success of a system. As we find
little in SE, we employ case-based reasoning (Kolodner
1992) and trespass (Hirschman 1981) to domains less famil-
iar to us as engineers, to survey what other disciplines have
been proposing. We discover differing views, all siloed in
their world, suggesting that there is a general lacuna in the
concept of the value of a system. This study seeks to shed
light on the problem as a preamble to its future elaboration
and resolution.

The contributions of this paper include: a structured
review of value both in SE and in domains external to
engineering, such as economics, health systems, legal ser-
vices, and others; analysis of possible applications of these
extrinsic value definitions to SE; system value character-
istics' description, essential for an extended understanding
of this measure and its future utilization; proposal of future
research areas regarding system value in SE. Hence, the
paper is organized as follows. Section 2 describes the meth-
odology employed to perform the analysis of the 'value' term
definition in SE and other disciplines. Section 3 summarizes
the literature survey and brings a multifaceted view of 'sys-
tem value'. Section 4 elaborates on the observed features
of system value, including examples. Section 5 discusses
the potential utilization of holistic system value defini-
tion and future research directions. Section 6 is devoted to
conclusions.

2 Methodology

The objective of this study is to map the research area,
by surveying the definition of 'system value' employed in
diverse domains, including SE, learning the deficiencies, and
identifying the challenges if they exist. The systematic map-
ping study method was found the most appropriate for this
purpose. The main concern of this method is to provide a
comprehensive overview of a particular subject and structure
a research area while discovering existing trends and identi-
fying the gaps (Petersen et al. 2015). An integrated literature
survey method, demonstrated in Fig. 1, employing the prin-
ciples presented in Petersen et al. (2008), was applied to pro-
vide an extensive outline of the 'value' term characterization
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Fig. 1 Systematic mapping method interpretation employed in this study

and utilization in various areas. The results were later uti-
lized to examine the possible analogies between the multi-
domain 'value' term and the 'system value' measure.

In the first phase of the mapping study, we conducted a
literature review intended to gather evidence of the 'system
value' measure application in SE. The review was performed
by exploring various combinations of 'system' and 'value'
keywords in systems engineering relevant literature. We per-
formed an online search of electronic database resources,
namely Google Scholar, IEEE Xplore, and SCOPUS, fil-
tering the results relevant to systems engineering. Google
Scholar delivered numerous results for "system value" and
"system value definition" searches. Top relevant articles
were chosen, leading mostly to Value Driven Design SE
methods and specific energy systems design considerations.
IEEE Xplore search concluded in 16 journal articles and
87 conference publications including reference to the "sys-
tem value" term. At SCOPUS, we searched for the "system
value" string in abstract, keywords, and title, returning 1499
results (the search was performed on September 2022). We
then filtered only engineering and computer science rele-
vant subjects, leaving us with 615 results. Applying filters,
including the keywords "systems engineering" and "design",
and English language articles, left us with 34 documents.

In the second phase, we performed a snowballing-based
search, by inquiring about the references and the citations
of the most relevant papers. Backward snowballing (Wohlin
2014), using the references, was performed to expand the
knowledge base, to understand the motivation behind value
measure utilization in SE techniques, and to learn about the
inspiration sources of system value definitions in this field.
Forward snowballing (Wohlin 2014) was employed to ensure
the detection of the most recent publications on the subject.

The scarce results of these two phases led us to perform
a mapping survey of additional domains, external or sup-
plementary to SE. SE, being a socio-technical multi-disci-
plinary field, interfaces with many sciences, which provide

a complementary view on the 'value' term. The third phase
included a comprehensive search for value definitions in
non-technological systems, such as health, education, and
architecture, introducing new aspects of the value measure.
Inspired by the ‘meta-analysis’ method, we also reviewed
studies analyzing the perspective of specific or multi-
ple domains on value. The purpose of this phase was to
find analogies between the definition of value in external
domains and the elusive 'system value' term.

The results of our survey are described in the following
sections.

3 Multifaceted interpretation of value

A. Systems engineering perspective

When evaluating an engineered system, a successful sys-
tem is defined as a system achieving the intended objectives
while complying with the stated requirements (INCOSE
2019). While widely adopted, this perspective tends to
ignore the numerous implications projected by the system
and its related processes on the surrounding ecosystem. The
system's holistic impact, accounting for the multi-domain
effects on processes, environments, and stakeholders, can be
called the 'system value'. A genuinely successful system is
one designed to and achieving, some sense of optimal value.
Hence, the main goal of SE should be to design optimal
value systems. Nonetheless, the 'value' term is absent from
the INCOSE (2019) formulation of SE definition, outlining
it as a "transdisciplinary and integrative approach to ena-
ble the successful realization, use, and retirement of engi-
neered systems, using systems principles and concepts, and
scientific, technological, and management methods". Clas-
sic SE methods, such as the V-model (Forsberg and Mooz
1998) and the systematic approach (Pahl et al. 2007), also
do not explicitly refer to value. The apparent reason is that
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traditional SE is a requirements-centric process aiming to
maximize the fulfillment of the system's requirements (Ring
1998). Whereas highly desirable, it is not enough for optimal
system design and might result in a considerable loss of
value (Hazelrigg 1998).

Several modern SE methods aspire to utilize value to
guide through the complex decisions and processes of SE.
Some of these methods try to concretize the 'value' measure
for a specific system, while others merely cite the ambigu-
ous term, leaving the interpretation to the subjective reader
and the expectantly competent implementer. Most of these
methods refer to the economic perspective, neglecting addi-
tional, utterly influential, factors. The following paragraphs
concisely describe these methods.

The value engineering (VE) approach has evolved due
to the lessons learned during World War II. It aspires to
optimize the design processes and the resulting products, to
attain a return on investment (ROI). In this method, value
is perceived as the relationship between the worth or utility
of an item, expressed in monetary terms, and its actual life-
cycle costs (Mandelbaum and Reed 2006; SAVE Interna-
tional 2021). The value analysis method for product platform
design presents a customer-centered view of value, tailoring
the VE approach to include both functional and intangible
benefits (Colombo et al. 2020).

Following a route similar to classic VE, the surplus-value
theory (Collopy 1997), based on a profit calculation for an
industrial product, defines the surplus value of a system as a
sum of the net present value of the total profit of all business
stakeholders and deploys it as the optimization objective
during the design process. The value-driven design (VDD)
refers to 'value' as an objective function employed to com-
pare design concepts (Collopy 2009). As VDD originates in
the von Neumann—Morgenstern (vN-M) expected utility the-
orem, the objective function must satisfy the vN-M axioms,
one of which is the ability to order the options according to
their 'value' (Hazelrigg 1998). As a result, the value measure
in the original VDD framework is a combination of system
attributes converted into a comparable scalar score (Collopy
and Hollingsworth 2011), in most cases conveying the mon-
etary value of a system. Efforts to extend the 'value' meas-
ure into a multi-dimensional function, such as the one per-
formed by the Northrop Grumman Corporation during the
F6 DARPA program, do not align with the method's require-
ment for comparison and ranking (Collopy 2009). Addi-
tional series of papers addressing the multi-attribute utility
theory application in design (Brown et al. 2009; Malak et al.
2009; Abbas and Cadenbach 2018) suggest quantifying the
value measure and turning it into a one-dimensional utility
function, once again mainly representing monetary value.
However, as multiple aspects of the system's lifecycle are
difficult to convert to monetary terms, the value concept in
VDD-related methods has evolved in recent years, providing
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expanded and case-specific value definitions. The EVOKE
method (Bertoni et al. 2018) expands the performance and
monetary perspectives of the design option selection pro-
cess by stating the value creation strategy and setting the
value drivers, including the ilities and intangible factors,
before mapping them into engineering characteristics. To
include sustainability implications in early design space
exploration, VDD principles are combined with sustainable
product development (SPD) (Bertoni et al. 2020). In research
on the VDD derivative of value-based development (VBD)
common ground of value concept is created for engineering
and business stakeholders by including both development
efficiency, testing, and integration ability aspects along with
cost and revenue (Panarotto et al. 2022). However, while the
importance of intangible elements of value and inclusion of
the wider range of potential stakeholders are acknowledged,
the combination of quantitative and qualitative metrics in
a single notion of value is still recognized as problematic
(Bertoni et al. 2019 ).

Value-based software engineering (VBSE) and the
derived value-based theory of systems engineering (VBTSE)
aspire to integrate value considerations into the full range of
software-related practices relevant to the complete lifecycle
of a software product (Boehm 2006; Boehm and Jain 2006).
The success-critical stakeholders' win—win theory, central to
VBSE, is intended to map the important values and assure
their successful realization. The notion of value in the theory
is generic, rather than formulated in detail. The interpreta-
tion of the theory application is case-specific, referring both
to economic value and stakeholders' satisfaction.

Value-based requirements engineering (VBRE), apply-
ing VBSE guidelines for requirements analysis, includes
principles and practices for identifying the system’s suc-
cess-critical stakeholders; eliciting their value propositions
concerning the system; and reconciling these value propo-
sitions into a mutually satisfactory set of objectives for the
system (Boehm 2006). Existing VBRE approaches, com-
bining requirements engineering methods and value defi-
nitions (Karlsson and Ryan 1997; Gordijn and Akkermans
2003; Azar et al. 2007; Herrmann and Daneva 2008; Kukreja
et al. 2012), are adapted mainly to software engineering.
The value concept in these methods is employed to select
the requirements providing the highest ROI, either in satis-
fying customer needs or in financial terms. The prevalent
criteria for prioritizing the requirements are their cost and
importance to identified stakeholders, usually the customers
(Hujainah et al. 2018). However, as the stakeholders' views
are seldom complete, the result, although improving pro-
jects' success rates, does not optimize system value.

Lean system engineering (LSE) is an application of
lean thinking principles to SE practices aiming to deliver
systems with the best lifecycle value and minimum waste
(SEBoK 2021). While classic lean thinking assumes
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that value should be defined exclusively by the ultimate
customer (Womack and Jones 1996), studies in product
development note that lean should be viewed as maximiz-
ing the inclusive value of all stakeholders, including the
enterprise, employees, shareholders, etc. (Browning 2000).
Value in LSE is defined as the delivery of a complex sys-
tem satisfying all stakeholders, which implies a flawless
product or mission, delivered at minimum cost, in the
shortest possible schedule during the complete lifecycle
(Oppenheim et al. 2011). An extensive literature review
of lean complex product development (Siyam et al. 2015)
noted several gaps in existing references to value, such as
multiple dimensions considerations.

Product-service systems (PSS) comprise integrated solu-
tions of products and services to generate value. The nature
of PSS, enforcing long and tightly coupled relationships
with the customer, requires an extended and evolving per-
ception of system value (McAloone 2011). In recent years
several design methods have emerged proposing an inclu-
sive value proposition of PSS. For example, the engineer-
ing value assessment (EVA) (Rondini et al. 2020) assesses
PSS B2B (business to business) scenario concepts in early
design phases. This method details diverse generic value
drivers while considering both providers and customers.
Another example is the business, environmental, and social
screening tool (BESST) (Sarancic et al. 2022), adopting a
provider's point of view to support decision-making in PSS
design while considering sustainable value potential over the
complete PSS lifecycle. The value proposition of PSS should
address multiple stakeholders involved in different lifecycle
phases; however, many methods include only a partial group
(Fernandes et al. 2019), impacting the completeness of the
value proposition. PSS is also labeled as a circular econ-
omy tool aiming toward resource efficiency (Tukker 2015).
It is acknowledged that the value concepts of circular PSS
should include additional stakeholders and their perceived
value aspects, reflecting experience, economic, social, and
environmental components (Kristensen and Remmen 2019;
Fernandes et al. 2020).

Several SE methods, analyzing requirements exceeding
obligatory system functionality, propose an additional inter-
pretation of value. In a decision support model managing
over-specifications in development projects (Shabi et al.
2021), value is defined as the customer satisfaction gained by
implementing the design requirement in a product. The crite-
rion of over-specification is a value-to-cost ratio, enforcing
subjective value quantification. Alternatively, in a method
assuming that adaptability for future requirements increases
the overall product value (Engel et al. 2017), an architecture
adaptability value (AAV) metric is defined, expressing the
difference between the benefits of the architecture options
and the costs of the interfaces supporting them.

Research (Reich 1995) proposing evaluation of the
knowledge embedded in an intelligent system concludes
that the value measures are context- and system-depend-
ent, and the construction of the value measure, resulting in
understanding the system, has equal importance to the actual
measurement of the value.

Modern SE methods' focus includes ilities properties,
such as quality, flexibility, reliability, and safety, which are
not the primary functionality and performance of a system,
but concern extended system impacts and stakeholders (De
Weck et al. 2011). The shift from the concern for immedi-
ate functionality to a wider perspective was one of the first
steps to a more holistic evaluation of systems. Several stud-
ies attempt to quantify some of the ilities of a system, using
social network analysis (Enos et al. 2019), or other, disperse
methods (Turner et al. 2017). However, an all-inclusive sys-
tem value model is still to be developed.

Studies applying the multidisciplinary system design
optimization (MSDO) generally employ quantifiable value
metrics as objective functions, such as total system cost and
system downtime costs (Sternberg et al. 2015), or combine
engineering and financial design to express value through
performance, cost, and revenue (Markish and Willcox 2003).
Some researchers integrate the MSDO approach with VDD,
representing value as a monetary measure (Kannan et al.
2020).

Efforts to build a taxonomy of value from an engineering
viewpoint, enabling decision-makers to consider the imme-
diate and long-term contributions to value, concluded, once
again, in a purely economic view, including only knowledge
as partial intellectual capital (Nishimura and Fukuda 2019).

The value-sensitive design (VSD) approach (Friedman
et al. 2009) aims to design technology accounting for human
values, such as privacy, freedom from bias, universal usabil-
ity, etc. This approach refers to 'value' as the aspects impor-
tant to people in their lives, focusing on ethics and morality.
VSD application includes conceptual mapping of the stake-
holders and the implicated values affected by the design,
empirical research validating these values with the actual
stakeholders, and adaptation of the deployed technology
to support the involved human values. A parallel segment,
residing in the requirements engineering discipline, refers to
values as personal attitudes or long-term beliefs, which may
influence stakeholder functional and non-functional require-
ments, proposing a method to examine these socio-political
issues during the requirements analysis (Thew and Sutcliffe
2018). The IEEE organization has addressed ethical values
concerns during system design at the IEEE-7000 standard
(IEEE 2021). The standard establishes the processes ena-
bling ethical values consideration during concept explora-
tion and system design.

Several papers performed extensive literature reviews
attempting to map design methods utilizing the value measure.
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A literature review on value ideas in complex systems prod-
uct development revealed that although frequently mentioning
value, product development and SE literature consider value
from discrete perspectives and lack a coherent theoretical
foundation (Siyam et al. 2015). A more recent review of engi-
neering design methods (Bertoni and Bertoni 2019), explicitly
referring to value as a measure employed for assessing design
concepts, concluded that the existing value models are poorly
defined, while the cost-effectiveness of highly specific mon-
etary objective functions in the early stages of system design
is doubtful. Another study, mapping value interpretations in
product development literature (Reber et al. 2021), established
that the value term is ubiquitously defined as 'an outcome in
return for an input (e.g., cost)'.

Table 1 summarizes the value-based systems engineering
methods surveyed in this section. Collectively, these meth-
ods outline the critical role of value in SE, while leaving
holistic and comprehensive system value definition open.

B. Complementary perspectives external to SE

As value is an elusive concept in SE, we searched in other
domains. Several publications performed a thorough survey
of the value concept in the literature: presenting economics
and philosophical references to value for marketing research
purposes (Haase 2020), describing the evolution of value in
economics (Mazzucato 2019), and outlining the influence of
value on project management (Stewart and Stewart 2015).
Surveying these, and other, field-specific, studies, this sec-
tion presents a brief description of relevant references to
value, possibly coinciding with system value characteriza-
tion. We are aware that this is not an all-embracing review;
however, it aims to be diverse and focused on domains with
potential contributions to SE. The fields presented in this
chapter are adjacent to SE or represent large-scale non-engi-
neered systems, in which value definition is either widely
adopted, such as in health or education systems, or still to
be discussed, such as in legal services. As outsiders to these
domains, we aspired to find reviews surveying the value defi-
nitions in the specific domain and supplying a general, rather
than a case-specific, overview of the value term.

i. Economics

Economics, a social science analyzing the concept of value
for hundreds of years, still debates the ultimate definition of
value. David Ricardo, one of the most influential political
economists, concluded two centuries ago that 'there is no
such thing in nature as a perfect measure of value', mean-
ing that there is no such thing as an invariable standard of
value (Eatwell 2008). In his seminal work, "The Wealth of
Nations,' Smith (1776) defined value-in-use as the utility of
a particular object, and value-in-exchange as the power of
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purchasing other goods, which the possession of the object
conveys. Drawing an analogy to systems and SE, value-in-
use can be interpreted as the value received by deploying
the system, expressed either by the functionality, efficiency,
and durability (Bos-De Vos, 2020) or by a financial profit for
the operator. Value-in-use is subjective, therefore could be
related to a perceived value-in-use and defined as the price
the customer is willing to pay if there is a single source of
supply (Bowman and Ambrosini 2002). This is relevant for
systems aimed to be one of a kind or designed to serve a
purpose defined by a specific customer, mainly System of
Systems (SoS), such as a highway, a satellite, or smart city
infrastructure. These systems are not designed to be traded
in the market; hence, the features enhancing value-in-use
of such systems should dominate their design process. By
contrast, value-in-exchange represents what the system can
be exchanged for, based on the price the person is willing to
pay (Vargo et al. 2017). As the value-in-exchange is depend-
ent on time and place, so is the financial value of the system.
If the provided service is unique and essential, the system's
financial value will increase, probably along with the profit.

Surplus-value represents the difference between the
value of the product and the value of the elements con-
sumed in the formation of that product (Marx 1887). The
surplus value of a system is composed of the financial
profit gained by all system's stakeholders through sys-
tem's development and deployment, and the extra benefits
evolving from system design or operation, serving goals
external to the purpose of the specific system; for exam-
ple, innovation, market share growth, or an unintended new
capability facilitated by the system. The effort to increase
the surplus-value of a system should be cautious, as every
unessential feature adds either material, labor, or overhead,
subsequently increasing costs, as well as potential unde-
sired consequences. Value is lessened if the added cost
does not improve the ability to perform the necessary func-
tions (Stewart and Stewart 2015). Unproductive labor is a
good illustration of value destruction when the resources
are invested in creating features unvalued by customers, or
in rework to fix features and repair the product at after-sale
due to flawed design (Bowman and Ambrosini 2002).

The utility notion of value yielded from the subjective
satisfaction derived from deploying the system (Bernoulli
1954), is the basis for cardinal and ordinal utility definitions.
Cardinal utility is a quantitative approach, assuming utility
can be measured numerically; while ordinal utility ranks
preferences between choices, as the utility is claimed to be
immeasurable (Hicks and Allen 1934). SE methods, based
on value as an objective for design optimization, struggle
with the need to quantify numerous aspects of value result-
ing either in neglect of abstract components or subjective
quantization. Ordinal utility, enabling ranking of options,
might be more suitable for SE decisions.
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Over the past few centuries, the definition of value
evolved from an objective measure of the amount of labor
required to produce a new object to a subjective value of
useful goods and services, influenced by stakeholders' views
and market forces (Mazzucato 2019). It keeps evolving, as
a need for a 'paradigm shift' of economic analysis rises,
requiring acknowledging the social, historical, political,
and environmental context of economic behavior, and the
feedback between individual decisions and societal dynam-
ics (OECD 2020a). Value creation, in which different types
of resources collaborate to produce new systems, depends
on the quality of the system design and accompanying pro-
cesses, on the deployment, including time and place, and on
the interaction of constituent components generating func-
tionality non-existent when operating separately.

ii. Business management

Similar to economics, value as a measure of business perfor-
mance is no more a strictly financial term indicating profit
(Drucker 2007, 2009). The value proposition of a business
should include value for the customer, as well as value for
the business itself, enabling, in its turn, sustainable creation
of value for the customer (Osterwalder et al. 2014). Moreo-
ver, the modern perspective on business value in a digitally
connected world, increasing the number of stakeholders for
every system and gaining value opportunities, should be
expanded to embrace the total, current and future, benefits
for all partners in the ecosystem (Gassmann and Ferrandina
2021). These benefits include both tangible and intangible
assets. Human, structural, and relational components of
intellectual capital (IC) (Martin-de-Castro et al. 2011) are
evident examples of intangible assets. Furthermore, positive
environmental, social, and governance (ESG) propositions
and reputation, while not always quantifiable, also have a
positive effect on a company's overall value (Koller et al.
2020). While it is recognized that intangible assets are value
drivers (Choong 2008), central to future value creation,
and factors, such as employee know-how and reputation,
contribute to business success (Hall 1992), the traditional
accounting methods, employed to measure value, overlook
its intangible aspects (Edvinsson 2013). To overcome this
impediment, the value network analysis (VNA) methodol-
ogy attempts to map the ways to transform the intangible
assets of a business into a negotiable form of value, whilst
acknowledging that in some cases, it is impossible or unde-
sirable (Allee 2008). The value delivery modeling language
(VDML), designed to provide a standard modeling lan-
guage for analysis and design of an enterprise operation,
specifically focuses on the creation and exchange of value
(OMG 2018). It targets strategic planning through tangible
and intangible value flow modeling. Nonetheless, although
recognizing the intangible characteristics of certain value
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aspects, VDML still defines value as a measurable factor of
benefit (OMG 2018).

Like SE, the business management community recognizes
the need for a multi-dimensional representation of value, and
while treating a system as a business unit, analogies can be
drawn to include intangible factors into the system value.

iii. Innovation

OECD (2018) defines innovation as "a new or improved
product or process (or a combination thereof) that differs
significantly from the unit’s previous products or processes,
and that has been made available to potential users (product)
or brought into use by the unit (process)", while value crea-
tion or preservation is the innovation’s goal. The value of
innovation lies in its impact on the market and underlying
technologies, ranging from incremental innovation providing
higher customer benefits per dollar to disruptive innovation
introducing novel features to the customer or transforming
markets (Edison et al. 2013).

From SE perspective, innovation is an instrument to cre-
ate more value for the stakeholders, including individuals,
institutions, entire economic sectors, and countries (OECD/
Eurostat 2018).

iv. Axiology

Axiology, the philosophical study of the theory of value,
examines the nature, types, and criteria of values (Merriam-
Webster 2021). Commonly divided into the terminal, i.e.,
ultimate goals, and instrumental, i.e., means to reach the
ultimate goals, these values are supposed to be ranked in
order of importance and used as guiding principles in life
(Rokeach 1973). The refined theory of basic human values
(Schwartz et al. 2012) further extends the perspective on
human values and identifies a comprehensive system of
coherent values guiding the individual's attitude and behav-
ior. The recognized values include: the freedom of thought
and action, stimulation, hedonism, achievement, power
dominance, power resources, public image, personal and
societal security, tradition, compliance with rules, avoid-
ance of harming others, humility, benevolence for others,
dependability, and caring for equity, nature, and tolerance.
As they drive the decisions making of individuals and
groups, common views or apprehension of different perspec-
tives are crucial for stakeholders of a system. Moreover, to
perform efficiently, entire organizations must have aligned
employees' values (Drucker 2009). Another aspect of values,
guiding purchasing decisions of consumers, is thoroughly
researched for marketing purposes. These values are clas-
sified into economic (extrinsic and self-oriented), social
(extrinsic and other-oriented), hedonic (intrinsic and self-
oriented), and altruistic (intrinsic and other-oriented) types
(Holbrook 2006).
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Observing a system, the instrumental values might be
the means to create a system of optimal value, supplying
the highest satisfaction to all stakeholders. The latter is the
terminal goal. Moreover, we refer to the system value itself
as an instrumental value leading the way to the ultimate goal
of the system.

v. Construction

The “Vitruvian triad” of core architectural values are 'fir-
mitas, utilitas, venustas', literally translated as structural
integrity, utility, and beauty (Fisher 2016). The modern
Design Quality Indicator (DQI), assessing the quality of
construction projects, refers to these guidelines as build
quality, functionality, and impact (Thomson et al. 2003).
These can be further extended to six key areas of value:
beauty, functionality, durability, suitability for the site and
the community, sustainability as respect for the environ-
ment, and buildability (Emmitt 2006). It is acknowledged
that value in construction should express outcomes relating
to all areas, and consider all stakeholders, such as the soci-
ety, construction industry, and more specifically, organiza-
tions, and projects (Devine-Wright et al. 2003). Data from
several studies suggest that a good architectural design con-
tributes substantially to economic and social value creation,
e.g., productivity growth, recovery acceleration in hospitals,
and crime rate reduction (Design Council 2002). Like other
domains, construction relates to value as the relationship
between the benefits that are obtained from an object to the
sacrifices needed to achieve it (Thomson et al. 2003).

Inspired by architectural values in construction engineer-
ing, additional attributes of value in SE to be considered are
the elegance of the system, feasibility, and applicability. The
elegance of the system is subjective and might always be
included in customers' satisfaction. The feasibility attribute
is relevant in the requirements analysis phase, as it expresses
the potential feasibility of the system's implementation and
operation. Applicability is an imperative parameter of sys-
tem value, stating whether the designed system could be
applied to reach the declared system goals.

vi. Health systems

In recent years value-based frameworks play a key role in
healthcare (Marzorati and Pravettoni 2017), later moving
toward the concept of value-based health systems. In a com-
petitive environment, and often from a provider's point of
view, value is defined as the health outcomes achieved per
dollar spent (Porter 2010), as long as the outcomes are not
compromised by lower costs (Porter 2011). A different, and
more recent, approach defines value as the contribution of
the health system to collective or personal wellbeing (WHO
2020). Therefore, a unifying concept of health system value
should align the perspectives of all actors participating in
the healthcare process, e.g., patients, doctors, suppliers, and

others (WHO 2020). Moreover, similar to the design and
business management communities' perspectives, the cus-
tomers' (patients) active involvement in the process increases
the health system value (WHO 2021). A holistic view on
healthcare value includes four pillars: technical—achieving
best possible outcomes with available resources; alloca-
tive—equitable distribution of resources across all patient
groups; personal—appropriate care to achieve each patient’s
personal goals; and societal—contribution of health care to
social participation and connectedness (EXPH 2019). An
adjunctive definition of value in health systems includes the
following dimensions: health improvement, responsiveness,
financial protection, efficiency, and equity (WHO 2020).

The health system value is directly connected to effi-
ciency, whether technical or allocative. Similarly, while
designing a system, the effectiveness of features and require-
ments should be questioned concerning their contribution
to overall holistic system value, and resources should be
allocated to the ones contributing most to the system value.
Two systems with an identical amount of resources may
reach an immensely different level of value, depending on
the issues the resources were invested in, analogously to the
health systems.

vii. Legal services

Although the need for evaluation of legal services, as a tool
for quality and efficiency improvement, is acknowledged
(Carlson 1976), the legal industry still does not rigorously
estimate their value (Linna Jr. 2021). The difficulty of value
measurement (Chisholm 2018; Semple 2018) slows down
the shift from the traditional time-based billing indicating
the internal efforts of the law firm, to value-based pric-
ing methods, reflecting the external value provided (Baker
2012). A recently presented value model for measuring legal
services includes four main elements: effectiveness, afford-
ability, client experience, and third-party effects (Semple
2018). Three metric types can express each: output, internal,
and input. Output metrics measure the actual outcomes coin-
ciding clients' satisfaction and the work products; internal
metrics express the firm's processes, practices, and structure,
dominating the prospect for high-value services delivery;
and input metrics focus on the education and capabilities of
the staff providing the legal services (Semple 2018). Addi-
tional references to the value of legal services emphasize
the following elements: quality of work, cost-effectiveness,
responsiveness and timeliness, results, alignment to business
goals, service delivery, and diversity (Linna Jr. 2021). The
"contract quality model" demonstrates the value of a product
of legal services: speed and cost of contracting, evaluating
the direct and indirect costs; financial and reputational risks;
the current and future commercial impact of the contract;
and overall alignment between parties predicting the prob-
ability of execution (Linna Jr. 2021).
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Parallels to technological system's value could be drawn:
the importance of expectations matching, the efficiency of
the design process, the applicability and the performance of
the resulting system, the system's effect on the society, and
most important is the comprehension that only combination
of these various aspects truly expresses system value.

viii. Educational systems

Evaluation frameworks are essential tools in designing edu-
cational systems and policies. Many studies have been con-
ducted on educational system evaluation, including specific
attributes and benchmarks on students' performance. To
serve our goal of conceptual understanding of multi-domain
evaluation processes, we choose to survey the principles of
the generalized educational systems assessment method. The
value of a specific policy is usually analyzed in three per-
spectives: educational attainment reflecting the human capi-
tal, equity and efficiency in the performance of the educa-
tional system itself, and externalities expressing the impact
of the educational system on future aspects (Vos 1996). Each
of the perspectives is analyzed using the following metric
types: (i) input: measuring the invested resources, such as
costs per student, or the pedagogical content; (ii) access:
determining the accessibility of the services, such as dis-
tance to the educational facilities, or the ability to pay; (iii)
output: measuring to what extent the immediate objectives
of the educational system are achieved, such as achievement
scores and completion rates; and (iv) outcome and impact:
expressing the long term development goals, such as pro-
ductivity and income of graduates (Vos 1996; OECD 2021).
The quantitative measures are completed by contextualized
qualitative analysis providing valuable information for sys-
tem evaluation (OECD 2012).

The complexity of educational systems evaluation lies
in the emergent character of their results, appearing in the
distant future and influenced by multiple factors; hence, dif-
ficult to assess in the early stages of design. Both the tech-
nological and educational systems should be adapted to deal
with present circumstances, while designed to face future
challenges.

ix. Digitization
No modern review of value is complete without a reference
to digitization and digital assets. Digitization and digitali-
zation create more intangible assets, new sources of value
(OECD 2020b), and potential for improved value capture.
The industry 4.0 vision is a vivid example of digitalization
creating value, making more for less, endorsing the ephem-
eralization principle (Buckminster Fuller 1963). Digital
form assets, both tangible and intangible, can be defined as
assets whose compromise will cause economic loss to its
owning entity (Keyun 2019). Digital asset valuation models
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include: intrinsic value—consisting of the production costs
and the direct conversion of the financial value of the non-
digital equivalent of the asset; extrinsic value—expressed by
the market price in a competitive market or usage value of
a digital asset (how much the asset is shared or downloaded
expanding the users' basis); subjective value—determined by
the importance an entity places on the asset, and the price it
is willing to pay; and opportunity value—expressed by the
value of using the digital asset, compared to using the non-
digital or nonexistent alternative (Keyun 2019).

Information, or data, can be considered as a category of
digital assets (Keyun 2019). Data value has several attrib-
utes: intrinsic value—information's quality (accuracy, com-
pleteness, exclusivity); business value—the relevance of the
data to a specific purpose; performance value—data impact
on key business drivers; cost value—the implications of los-
ing the data; market value—the exchange value of the data;
and economic value—the contribution of the data to the eco-
nomic value of the business (Gartner 2015).

Systems collect data. It could be a by-product of the sys-
tem's operation or the whole purpose of the system. Whether
it is fault tracing, usage patterns, production rates, or data
recording during operation, data have value contributing to
the overall system's value. This should be accounted for in
evaluating system value, accompanied by the consequences
of fulfilling this requirement. As always, every feature has
costs and should be included only if its long-term value tran-
scends them.

X. Summary

The bounded review described in this section establishes that
multiple domains recognize the need for a conceptual shift
from quantifiable, tangible, and mainly monetary measure
of value to a more holistic and inclusive one. The journey
is just in the beginning and there is a lack of well-defined
and widely accepted models of value. Exploring domains
external to SE uncovered new aspects of system value, and
demonstrated the challenges present in holistic value defini-
tion. Table 2 summarizes the diverse interpretations of value
among different domains.

4 System value characteristics

Although abstract and challenging to measure, system value
can and should be characterized to enable future analysis and
application. Since we classify value as a complex property
of a system, it is in fact analyzable, owning structure and
properties (Francesco and Paoletti 2022). Understanding the
dependency of system value on external and internal factors
will enable its adaptation, leading to system optimization.
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Throughout this section we present the features of system
value, demonstrating their appearance in existing systems.
This is a summary of value measure characteristics identified
during the literature survey, combined with the ones derived
from the authors' own experience.

(1) Context-dependent

System value is dependent on the context in which it is
evaluated (Thomson et al. 2003, Vargo and Akaka 2012,
Andersson and Johannesson 2019), specifically on the fol-
lowing aspects:

(a) Time: The value the system provides depends on the time
it was designed and deployed; hence, it may be subject
to change during its lifetime (van de Poel 2021). The
technologies and the competencies available at the time
the system is designed, and the intensity of the need at
the time the system is deployed, have vast influence on
the system value. An extreme example of time-variant
value is of a system whose development lasts so long
that it is no longer relevant. It could happen either if
a competitor has released a product with equivalent
properties, or if the feature is no longer required, such
as a low-performance analog camera in a digital world.
A possible application of time-based value measure is
dynamic tasks scheduling, allocating more resources to
the task providing the highest value at a specific point in
time, e.g., during real-time system operation (Aldarmi
and Burns 1999). The variable character of system value
challenges its model definition and application. Never-
theless, the system designer should attempt to define the
system value similarly to the system itself, to the best of
his current knowledge and robust to future modifications.

(b) Place: The locations of the system's design, manufactur-
ing, and deployment highly influence the resulting system
value. Regulations, natural and human resources avail-
ability, and cultural attitudes endure substantial effects:

(1) While the digitally connected world enables the
global recruitment of experts, cultural diversity
might influence the design process.

(2) Using local raw materials in the manufactur-
ing process eliminates the need for transfer, and
increases system value by reducing systems costs
and donating to sustainability.

(3) Local ESG regulations might affect the financial
value of the system along with its environmental
effect.

(4) Deployment location influences system value
through workforce and materials resources required
for system operation, the demand at the specific
location, such as an irrigation system in the desert,
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the performance of the system at the specific envi-
ronment, and the adaptivity of the system to its
environment, e.g., the platform it is installed on.

(c) Ownership: system ownership can deliver financial or
social value. Either it is the ensuing social status, the
financial profit from providing the system services, or
the organizational reputation in the eyes of potential
employees and consumers. Consequently, the owner
of the system affects system value. Whether it is the
operational or business skills of the owner, his envi-
ronmental awareness, or the stakeholders' trust in the
owner's ability to deploy the specific system.

(d) Intensity of the need: whether temporary or permanent,
local or global, emotional or physical, the intensity
of the need for a system solving a specific problem
extremely affects this system's value.

(e) Ecosystem: the surrounding ecosystem profoundly
influences the system's value. The ecosystem embraces
competing organizations, alliances, alternative solu-
tions to the same problem, the state of the economy,
availability of qualified operating personnel, society
priorities, ESG requirements, etc. Ecosystem is an
integrative term that might also include the aspects
specifically mentioned before, such as time and place.
However, the combined perspective of the comprehen-
sive ecosystem along with the distinct focus on its com-
ponents enables top-down and bottom-up integrative
analysis of the context impact on system value.

(f) Scenario: just as system performance, so does its value
depend on the operation scenario. A scenario differs
from the aspects mentioned before, as it describes a
specific state, including time, place, operators, users,
and ecosystem situation. Scenario-based value can be
perceived as a singular point in the context-based multi-
dimensional value function. During the design process,
the system value should be evaluated across various sce-
narios, including: several performance levels, variable
functionality, diverse stakeholders' viewpoints, ecosys-
tem states, and different phases in the system's lifecycle.

One of the major challenges in SE is to optimize the
designed system value for each scenario and to adapt the
system for its operating context. System engineers, design-
ing long-lifecycle systems, should be aware of the expected
context changes and aspire to design a system capable of
evolving to maintain its value. The system's robustness only
partially covers this capability, and value-focused SE is
expected to provide new insights to system design.

A complementary perspective is system value optimiza-
tion by adapting the context to the system. Sometimes, to
increase a system's value, adjustments should be performed
to the system's environment, ecosystem, or application,
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Fig.2 Variability of system value lifecycle for an engineered product

rather than to the system itself (Williams 2019). This is an
important viewpoint, as occasionally it is more cost-effective
and valuable to modify the surroundings, rather than the
system itself. The COVID-19 vaccination is a contemporary
example. The vaccine ecosystem includes, among others:
scientific research, development funding, FDA approval,
massive infrastructure for rapid distribution, healthcare ser-
vices, governmental policy, and public opinion. When first
presented, COVID-19 vaccines required stringent environ-
mental conditions, limiting their handling and distribution.
Consequently, the difficulty to make the vaccines widely
available weakened their value. The ecosystem adaptation,
supplying suitable transport and storage facilities, and out-
lining allocation schemes to healthcare centers increased the
vaccines' value. This practice demonstrates that optimal sys-
tem value is the result of a balance between system design
and ecosystem adjustment. To maintain optimal value, this
collaboration should persist throughout the system lifecycle.
In the COVID-19 vaccine case, research advancement ena-
bled alleviating the vaccine storage conditions. FDA author-
ized undiluted thawed Pfizer-BioNTech COVID-19 vaccine
vials to be stored in the refrigerator for up to one month,
extending the previous five days restriction (FDA 2021). The
ecosystem adjusted again, reducing vaccination costs, and
enabling wider distribution, increasing the vaccine value.

Analyzing value in context is specifically significant for
SoS, due to their protracted lifecycle. The users, the operators,
and the constituent systems might vary, but the system must
maintain its value through these environmental and contextual
changes.

(2) Expected vs. Experienced

System value is both the goal we design for and the value the
resulting system provides. Kahneman and Tversky (1984)

distinguished between the 'decision value', perceived at
the time the decision is made, and the 'experienced value',
resulting from the actual outcome of the decision. In this
paper, we use the terms 'expected' and 'experienced' system
value. System engineers aspire for the maximal similarity
between the two, interfered by uncertainty factors and risks,
realized during the system lifecycle.

Based on our experience, Fig. 2 illustrates an example of
the presumed variation of expected and experienced system
values during the lifecycle of an engineered product, such as
a motor vehicle. The expected ultimate system value is the
target set at the goal definition and requirements elicitations
phases. It starts to decline during the requirements analysis,
as the constraints emerge, and information accumulates. The
trend persists through conceptual and detailed design phases,
as real-life difficulties arise. The manufacturing phase by
itself should not affect the expected system value, as the
scenarios, the difficulties, and the uncertainties should be
considered and managed at previous phases; nevertheless,
unexpected events could change this, for example, consider
contemporary shortage in processors or various materials
influencing production. The same applies to system deploy-
ment. Upgrade and maintenance of the system are expected
to increase system value by adding new features, fixing
design faults, and incorporating new technologies. After
end-of-life disposal, the system value is annulled, or turned
negative, for example, due to toxic waste. Oppositely, the
experienced system value escalates with the design process
progress, once fragments of the system materialize, such
as source code or COTS sub-systems. The peak of system
value is reached during the deployment or upgrade phases.
The experienced value is anticipated to be lower than the
expected value. However, occasionally, the experienced
system value can overshoot the expected one. It can occur
if the system's deployment is wider and more diversified
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than planned; the system's performance exceeds theoretical
or simulated models; an upgrade based on new disruptive
technology is introduced; or the eco-system alters, improv-
ing system value. The experienced value depends on mul-
tiple factors, such as operating personnel skills or updated
governmental regulations, modifying its ratio to the expected
value. This variability is illustrated by error lines on the bars
representing experienced system value in Fig. 2.

The circular economy approach to products aspires to
increase both the expected and experienced values of a sys-
tem at the disposal and recycling phase aiming to maintain
close to 100% value of the system or its components.

It could be argued that for some systems, such as the
pharmaceutical industry products, a major part of system
value prevails at the ideation phase resulting in a patent. This
point of view is partially justified, as the patent has a value
of its own, and when expired, other enterprises in the indus-
try can manufacture the product, reducing the prices and
making it more accessible, increasing the overall value of the
product. Yet, from the product's perspective, this occurs at
the production, deployment, or upgrade phases, so the value
lifecycle variability demonstrated in Fig. 2 is valid also for
this scenario, and the patent's value is the expected system
value. If an idea or a patent are not realized, resulting in a
product or a foundation for additional ideas, the system value
will be low throughout the complete lifecycle.

(3) Emergent

System value emerges as a result of the external system-ecosys-
tem interaction (Vargo et al. 2017), and the internal collabora-
tion of systems components. In both cases, value is co-created
by a collection of elements, either artificial, natural, or human.
This is evident in the case of SoS in which emergent behavior
(Maier 1998) implies emergent value. While each constituent
system has a value of its own, the value of SoS is emergent,
consequently sometimes difficult to determine. The constantly
evolving Internet is a classic example of a system presenting
value not anticipated by its initial designers, and nonexistent
while separately analyzing the constituent systems and applica-
tions. The emergent characteristic of value can be further exem-
plified by open-source software whose value emerges through
spontaneous collaborative development and adoption. In con-
trast to desired, even though unexpected, value, a contingent
negative side effect of the system may substantially diminish
its value. Revisiting the Internet example, illegal activity, such
as cyber-attacks and fraud, abusing the capabilities of existing
infrastructure co-creates negative emergent system value.

(4) Biased

System value evaluation is a matter of perception, there-
fore subjectively biased. The origin of bias and its effects
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have been extensively studied and are supported by well-
established theories. The framing effect described in pros-
pect theory (Kahneman and Tversky 1979) proves that the
information presentation form influences decisions, creating
bias. The expectation disconfirmation theory (Oliver 1980)
determines that expectations set before performance have a
major influence on satisfaction evaluation. Hence, the judg-
ment of value is comparative to the evaluators’ expectations,
i.e., expectations create bias. In this respect, the perceived
value depends on the perceived benefits of service versus
the sacrifices made to use it (Boksberger and Melsen 2011).
Furthermore, the value depends on the initial position of an
asset, serving as the reference point, and on the magnitude of
change in the benefits, such as wealth or welfare (Kahneman
and Tversky 1979). The initial position depends on personal
beliefs, experiences, expectations, and affinity to the issue at
hand. These fluctuate between people, time, and situations,
also causing biased evaluation of value. The following con-
clusion can be drawn from this paragraph: the value evalua-
tion process should be profoundly designed, including evalu-
ators selection, framing outline, and expectations matching.

(5) Qualitative and quantitative

The diverse aspects of system value cannot be captured by
exclusively quantitative methods. Qualitatively analyzed val-
ues, such as vision alignment or knowledge development,
should be recognized along with the more standard quantita-
tive aspects, such as financial profit. Hence, a holistic assess-
ment of value should comprise a combination of qualitative
and quantitative techniques (Design Council 2020). Further-
more, as it could be difficult, up to impossible, to measure
the value of a system directly, it is rather a relational prop-
erty (den Ouden 2012). This approach supports Hicks and
Allen's (1934) ordinal utility notion of value. Conversely,
others claim that to provide holistic complementary percep-
tions for guiding decisions and creating design alternatives,
the qualitative perspective should be employed when stating
the system objectives, while the system value itself should
be represented quantitatively (Keeney 1992). Summariz-
ing the opposing opinions, system value has qualitative and
quantitative complementary aspects. To enable value appli-
cations to optimize, compare, or rank methods, the holistic
value representation should be conceptualized.

(6) Multidimensional

Previously described characteristics of value, such as quali-
tative and quantitative aspects, and its context-dependence,
assuredly lead to concluding that value is a multi-dimen-
sional measure. The dimensions of value may deviate to
correspond to the specific issue at hand. Examples of such
are presented in the previous section and summarized in
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Table 2. As noted by the VDD pioneers, this characteristic
of value obstructs ranking, frequently required for alterna-
tives comparison (Collopy 2009). Although system value
has multiple applications beyond ranking, value analysis
frameworks should acknowledge its multidimensionality,
and outline appropriate methods.

(7) Intrinsic and extrinsic

System value may originate from the system itself, intrin-
sic value, or from the system's interaction with external
factors, extrinsic value. Existing research literature sug-
gests alternative interpretations. Intrinsic value is what the
system possesses in its own right as a goal, for example,
aesthetics or elegance. Extrinsic value is instrumental, i.e.,
the means to reach some goal for a distinct beneficiary.
Following this interpretation, exemplar extrinsic values
are financial profit, efficiency, or training during the design
process of a system. Some researchers claim that only an
experience can have intrinsic value, the object, being the
means to such an experience, having solely extrinsic value
(Holbrook 1999).

While defining system value, following our definition of
intrinsic and extrinsic, we categorize its components into the
next intersecting categories: intrinsic value enablers, which
are the system's qualities, such as performance, aesthetics,
architectural elegance, or resilience; extrinsic value enablers,
which include the ecosystem elements in general, such as
the system's beneficiaries, market's supply and demand
rates, organizational alliances, system designers, or opera-
tors. Both intrinsic and extrinsic value enablers could pro-
duce either product or process-related value. For example,
process-related value could be engineers' qualifications for
new technology deployment during system design, or cus-
tomer engagement during the requirements elicitation phase.
Product-related value could be fulfilling customer needs,
efficiency, or reliability of the system. Some components
of value can be ascribed to more than one category, e.g.,
the financial value of system deployment is enabled both by
the system's internal qualities (intrinsic enablers) and by the
consumers' willingness to purchase the system or its services
(extrinsic enablers).

(8) Tangible and intangible

System value includes both tangible and intangible factors.
Like business value, described in Sect. 3, the intangible
drivers, although challenging to measure, are substantial
contributors to overall system value. An example of intan-
gible value could be a contribution to organizational repu-
tation or culture, as a result of either the design process
or ownership of the system. Tangible value components

are typically physical or measurable, such as an efficiency
boost or monetary profit.

The chord diagram presented in Fig. 3 summarizes the
system value characteristics detailed in this section and their
inter-relations. It is demonstrated that system characteris-
tics are interdependent. The relations’ mapping donates to
the comprehension of system value and assists in apply-
ing value-oriented SE methods. For example, the relation
between biased, expected/experienced, context dependent,
and intrinsic/extrinsic characterizations of value implies that
to minimize the gap between the expected and experienced
system value, the requirements elicitation should be per-
formed in controlled environment, including a diverse group
of stakeholders, composed of agents representing intrinsic
and extrinsic value enablers, presented with achievable per-
formance of the system and the required sacrifices. Another
example is the inter-dependency between multidimensional,
tangible/intangible, and qualitative/quantitative characteris-
tics, indicating that to compare design alternatives employ-
ing system value measure, a method either enabling quan-
tification of an integrated measure of value or ranking each
dimension separately should be proposed.

5 Discussion

This study set out to survey and characterize the 'value' term
interpretation in diverse areas, intending to facilitate the SE
community with a wider perspective of the term. One of
the strengths of this study is that it represents a cross-dis-
ciplinary examination of references to value. The findings,
described in previous sections, show that multiple domains
acknowledge the superiority of value over other measures.
Marketing experts urge businesses to move to value-based
selling (Harri et al. 2012), modern economists movement
argues for a novel holistic definition of value over purely
financial worth (Mazzucato 2019), and even the conservative
legal services industry strives for a pertinent value measure
to replace the time-based billing (Baker 2012; Semple 2018).
Similar to other domains, SE methods should support system
design creating holistic value. This direction is recognized
by the SE community and various methods, such as VDD-
related approaches, gradually expand the stakeholders' views
and the dimensions included in system value notion. The
value lies in the foundation of evaluation processes; there-
fore, its definition should precede a system, a decision, or a
design evaluation. Defining the expected value of a system
answers the pivotal 'why' query, paving the way for further
SE decisions answering the 'how' and 'what' questions. This
sequence of thinking is also endorsed by the 'golden circle'
theory (Sinek 2009).

The results of this study indicate that the SE disci-
pline, while comprehending the critical role of value in SE
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decisions and processes, still did not embrace a common
holistic definition of system value. Concluding the literature
survey performed in this research, we found several emerg-
ing value-based design methods agreeing on the imperative
expansion of system value, defining either similar or com-
plementary system value dimensions. However, in the scope
of this literature survey we did not detect a general, rather
than case-specific, system value model employed in multiple
SE practices. Till now, the most common definition of value
is the benefits received for the resources invested (Buckmin-
ster Fuller 1963; Thomson et al. 2003; Porter 2010; Reber
et al. 2021). Furthermore, while resources are usually rec-
ognized as monetary costs, the benefits are either partial,
subjective, or in dispute. Many domains confuse the partial
representation of value, such as quality, financial worth,
effectiveness, or customer satisfaction, with the complete
notion of value (EXPH 2019; Teisberg et al. 2020; Linna
Jr. 2021). As evaluations should not be focused solely on
the outcomes, but also on the processes, structure, objec-
tives, and unintended consequences (Stufflebeam and Coryn
2014), so should the system value reference these elements.

SE, being a socio-technical discipline, is highly influ-
enced by political, cultural, and social trends. As the para-
digm shift in value definition pervades multiple domains,
starting to include aspects such as sustainability, personnel
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development, and others, the SE is obliged to follow by
expanding the value scope beyond functionality, perfor-
mance, and financial revenue. As a result, SE processes
are inclined to change, involving a larger and more diverse
group of stakeholders, and altering the decision-making by
optimizing towards an inclusive value measure.

The SE discipline that normally strives for complete
and unique definitions to plan an optimal system, struggles
to provide a comprehensive system value characterization.
A possible explanation for this might be that evaluating
the value of a system can be classified as a 'wicked prob-
lem' (Rittel and Webber 1973; Conklin 2006). The value is
subjective, since biased and differently evaluated by stake-
holders; framing and context deeply impact system value;
the criteria, constraints, and tools for system value evalu-
ation are bound to change over time; there is no 'right' or
‘wrong' value, and each system has a unique value; hence
the evaluation problem is also exclusive. It can thus be
suggested that the solution should start with a "mess for-
mulation" describing the problem (Britton and McCallion
1994). It would include a systemic and synthesized view
of system value. While the problem cannot be decomposed
hierarchically, the overlaps enable to perform a triangu-
lation of thought, verifying that no aspect is neglected,
and revealing incoherencies if they exist. For example,
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analysis of value per ecosystem, references also the time
and the place; or the emergency attribute of value might
be included in the context-based feature.

The insights gained from this study may help to bet-
ter understand the nature of system value and have a few
important implications for future practice. It is recom-
mended that further research be undertaken in the follow-
ing areas:

(1) System value model taxonomy: as system value can-
not be universally defined, and we assume there is a
unique value proposition for each system in a particular
context, further studies are needed to develop standard
comprehensive taxonomy for system value models.
Once defined, this taxonomy may serve as a founda-
tion for outlining a specific and case-dependent system
value model.

(2) System value definition framework: the roadmap to sys-
tem value construction is vague. Inspired by the CMMI
maturity models (ISACA 2021), we suggest creating a
framework guiding system value definition. This frame-
work could be used for processes and best practices
development, enabling the definition of the system
value model aligned with stakeholders' desires, capa-
bilities, and the relevant context. This process-level
framework is expected to improve both organizational
capabilities and the resulting system value.

(3) SE methods utilizing system value: the main aim of
system value is optimizing SE processes leading to
high-value systems. A natural progression of cur-
rent research is a retrospective analysis of existing
SE methods and a proposal of revised, system value
considering, procedures. One of the examples is a
value-oriented requirements analysis method assorting
requirements according to their impact on the holistic
system value, as jointly defined by the stakeholders.
Such method can be used to detect architecturally sig-
nificant requirements substantially influencing the sys-
tem value, avoid overspecifications (Shabi et al. 2021),
and minimize negative value caused by excessive work.

(4) System value accessibility for practitioners: for evalua-
tion to make a positive difference, in addition to being
competently made, decision-makers ought to be value-
oriented (Stufflebeam and Coryn 2014). To support this,
the value model should be usable. Hence, we conclude
that for practical applications, the system value meas-
ure would have to be quantified, including its qualitative
aspects. 'Ordinal value', inspired by 'ordinal utility' (Hicks
and Allen 1934), should be formed, at least for alterna-
tives comparison purposes. Further research should be
carried out to establish the quantification scheme and the
resulting system value validation process.

(5) Value-embedded model-based systems engineering
(MBSE): provision of system value support in MBSE
could assist in constructing the system value model
itself, and modeling the system value flow through SE
processes; consequently, enhancing absorption of value
in SE. Further studies are required to investigate this
issue and develop relevant tools.

(6) Generalizability of system value to domains external to
SE: Coming from the SE domain, we pursue to define
value for technological systems and SE processes.
Nonetheless, a holistic system value definition could
be beneficial for additional disciplines. The generaliz-
ability of the findings of this study should be explored
by experts in these fields.

6 Conclusions

The purpose of each decision and action is to create value
either for the decision-maker or for the surrounding eco-
system. It is acknowledged that value-oriented thinking, in
any domain, focuses the efforts, and contributes to better
outcomes. Optimizing decisions, processes, and structures,
when value serves as the objective function is bound to
improve results. However, the definition of the value objec-
tive function is a major challenge.

The traditional concept of value as a purely economic
measure, expressing the gains versus the costs, is outdated.
While many disciplines strive to generate a domain-related
definition, a holistic, generally applicable, and widely
accepted, value model still does not exist. This applies and
is further emphasized, for systems engineering. The system's
holistic impact, accounting for the multi-domain effects on
processes, environments, and stakeholders, can be called
the 'system value'. A genuinely successful system is one
designed to and achieving, some sense of optimal value.

The main contributions of this study are to highlight the
significance of value definition in system design, present a
cross-disciplinary review of the multifaceted perspectives on
the value both of SE and non-engineering domains, describe
the features of the system value measure, and lay the back-
ground for formulating system value definition. As has been
demonstrated, it is a 'wicked problem’, hence lacking a single
correct formulation or a universal definition of value. We
outline the complexity of the issue and lay the groundwork
for further research on this subject, both for engineered and
non-technical systems.
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