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A good comprehension of value dynamics can contribute to a more value-sensitive and responsible design of
technology. Theories addressing changes in values related to technology tend to reduce the complexity of
technology development, neglecting the intricate interrelations between technical components within socio-
technical systems. This paper proposes an approach that incorporates Thomas Hughes’ notion of reverse salient
to explore value change across two sociotechnical scenarios, which also aligns with the pragmatic account of
values. Through an analysis of the values of safety and sustainability within lithium-ion battery (LiB) technol-
ogies, this study illustrates how the approach assesses changes in the relative importance of specific values within
a certain domain, as well as the dynamics in the translation of these values. This case demonstrates that the
emergence of reverse salients can enhance the recognition of certain values, potentially prompting a reconsid-
eration of how these values are interpreted or translated. The study recommends that future research advances
the operationalization of reverse salients and applies them to specific contexts to better manage value change.

1. Introduction

Values can generally be understood as what we believe to be good
and desirable [1,2], but such beliefs can change over time due to
changing insights or circumstances. The dynamics of values do not only
reflect societal evolution, but they are also closely linked to technology
development. From the design of specific technical products to the
governance of technology, moral values influence how technologies are
developed, used, and regulated. In particular, if societal values change,
existing social norms and rules that underpin a technology’s develop-
ment may no longer meet the new social demands created by the values
of the general public, potentially affecting a technology’s social accep-
tance [3]. By better understanding how values change over time, we can
also better anticipate and address the societal impact of technologies.
This understanding can help us to design technologies that are more
socially responsible and that meet the needs of society over the long
term [4].

Philosophers and ethicists of technology have increasingly recog-
nized that values play an important role in co-shaping technology and
society. In the latter half of the 20th century, philosophers such as
Winner [5] argued that technologies could reflect certain values in the
sense that they are sometimes designed to open certain social options
and to close others. Moreover, philosophers of technology have, in the
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past decade or so, further explored the potential for technological
development to cause changes in moral values. Swierstra [6], for
instance, posited that emerging technologies have the capacity to
destabilize established moral norms and values. Other areas of discus-
sion include the technological mediation of moral values [7] and the
connection between descriptive and normative value change [4].

Especially, according to a pragmatist account, values are
contextually-informed evaluative devices rather than static or intrinsic
qualities. This account allows us to view values as emerging from and
influenced by experiences and societal interactions [8,9]. As the impact
of environmental degradation becomes more severe and widespread,
scientists will reassess the value of sustainability. Simultaneously,
technologies that appear as solutions to environmental problems might
inadvertently foster complacency, reducing the urgency to adopt sus-
tainable behaviors. Alternatively, a more thorough consideration of such
technologies can heighten awareness of sustainability issues, prompting
more responsible actions and policies [10].

Most theoretical discussions regarding technology-related value
change depict a co-evolution of technologies and values, while tending
to regard technology as a whole, oversimplifying the diverse nature of
technologies and various interconnections between technologies [6,9,
11]. Consequently, these explanations tend to adopt a mono-causal
perspective, neglecting the intricate interactions and complexities
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between technology and society. However, both value change and
technical development are more recursive and complex in social con-
texts than these theories depict. While the development of technology
depends on many distinct technical elements, there are also multiple
mechanisms of value change that are potentially interconnected [12].
Based on the interrelatedness of ‘social’ and ‘technical’ [13], a socio-
technical perspective has the potential to help us provide a more sys-
tematic view of value change. In sociotechnical systems, technological
development is the result of the combined effects of diverse elements,
inferring each technology influences values not only on its own but also
through interactions among technical and social elements. These dy-
namics collectively contribute to the changes in values. In order to
develop a more nuanced approach that acknowledges this complexity, it
is important to reexamine the phenomenon within a wider societal
framework.

In this paper, the author argues that insights from the notion of
reverse salient [14,15] derived from the theory of large technological
systems (LTS) can broaden our lens to investigate and explain value
change from a sociotechnical perspective. LTS theory highlights the
integration and interdependence of technical and social elements, which
closely aligns with the theories of sociotechnical systems [16]. Such a
sociotechnical viewpoint can facilitate not only a longitudinal analysis
of the ongoing evolution of technical systems over an extended period
but also an examination of the interplay between value change and
technology development, which allows us to develop valuable insights
into the complex dynamics of technologies and societies. Moreover,
reverse salients are key to technological development, as they hold back
progress and development of technological systems, being a source of
trouble that forces stakeholders to (re)direct their efforts toward
addressing the reverse salient. This paper does not focus on the
mono-causal evaluation, but rather places it in the broader socio-
technical context. This approach allows us to understand not only how
technological changes in a sociotechnical system can lead to changes in
the interpretations of certain values, but also how they could bring about
changes in the roles these values play in the system.

To demonstrate this sociotechnical viewpoint, the study will analyze
how values have changed in Lithium-ion battery (LiB) technologies from
a sociotechnical perspective. As an energy storage technology, LiBs play
a crucial role in current energy transitions, which are deeply intertwined
with value changes [17,18]. LiBs account for most of the newly installed
energy storage capacity and dominate the battery market [19-22]. Due
to their successful market uptake and an established industrial value
chain, LiBs are likely to remain the dominant battery type until 2030
[19]. Grasping values in technology design can contribute to more
effective and equitable regulations and standards, ensuring that tech-
nology development is ethical and responsible. The social values related
to battery storage technologies seem to have not yet been explored in
sufficient detail [23-25], despite their irreplaceable role in the current
energy transition. While many studies focus on technical analyses of
safety issues and environmental impacts of LiBs [26-28], conceptually
examining the specific understanding of values like safety and sustain-
ability is also important. Additionally, learning the dynamism in the
understanding of values in LiBs is also beneficial for us to consciously
and continuously adjust our design and evaluation schemes.

The following sections will first introduce a socio-technical account
of value change based on Hughes’ notion of the reverse salient. In
particular, the study will explore a practical approach to understanding
value change in specific sociotechnical scenarios. Then, it will demon-
strate how to account for value change in socio-technical systems by
using the development of LiBs as a case study. This will provide a his-
torical overview of LiBs and illustrate their roles in socio-technical
systems. In addition, it will demonstrate the intertwined evolution of
socio-technical systems and value change. Based on the case analysis,
this study will further discuss the role of the reverse salient in explaining
the changes in the relationships between technologies and values and in
the translations of values.
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2. Accounting for value and value change based on Hughes’
theory

The work of Thomas Hughes (historian of technology), is an
insightful resource for understanding the roles of values in socio-
technical systems [29]. As the body of theoretical discussions on soci-
otechnical systems is still growing, Hughes’s theory is perhaps not the
most prevalent recently, but his contribution, as a seminal approach to
sociotechnical systems, retains its significance in understanding the
intricate relationship among several components in the development of
sociotechnical systems. Moreover, his perspective of technical systems
still plays an important role in the study of specific technologies, such as
infrastructural technologies and energy technologies, which have im-
plications for system transformation and, for example, the energy
transition [30,31]. As one of the first scholars to focus on technological
systems, Hughes recognized that social factors play a significant role in
shaping technological development. Additionally, he argued that tech-
nology can have a reciprocal effect on society and that this effect can
become increasingly difficult to control as the technical system expands
and gains momentum. In a Hughesian history of technology, there is a
complex interaction between technology and society [32]. The trans-
formation of social, political, and cultural values could both shape and
be shaped by technological change.

Playing an important role in technological change, reverse salients
are components that fall behind the others in a growing system, limiting
the performance of the system and hampering its evolution. For
instance, Hughes identified the direct current (DC) system as a reverse
salient in the expansion of electrical networks, noting that DC power can
experience significant energy loss when transmitted over extended dis-
tances [15]. Another illustrative example is the health concerns arising
from polyvinyl chloride (PVC), particularly the carcinogenic properties
of vinyl chloride. In these situations, addressing the reverse salients
becomes indispensable to developing or expanding the technical system
[33]. Despite Hughes not taking a particular interest in values, Hughes’s
notion of reverse salient provides insight into the connections between
technology and values [34]. This section will first briefly analyze the
notion of reverse salient before investigating the relationship between
technologies and values from Hughes’s perspective in detail and dis-
cussing how his theory can account for value change.

According to Hughes, reverse salients are determined by the attri-
butes of the system [15]. In other words, they are not random problems
but systemic issues within the technology as a goal-seeking system.
Hughes emphasizes that the goal and direction of system evolution are
particularly significant for young systems, with inventors and engineers
playing crucial roles in this goal-seeking process. However, the author
points out that even in past technological developments, this process
might not have been entirely subjectively determined by inventors and
engineers. On the one hand, inventors and engineers themselves are
embedded in networks of power and constrained by higher authorities.
On the other hand, societal values influence the formation of goals,
thereby affecting how technical performance is measured and evaluated.
As a technological system progresses towards broadly established goals,
reverse salients appear when “some components fall behind [15].”

From Hughes’s work, the following four criteria by analyzing reverse
salients can be derived. First, a reverse salient implies a discrepancy
between the components in a certain sociotechnical system. As Hughes
states, reverse salients arise “in the dynamics of the system during the un-
even growth of its components [15] (p.14).” The discrepancies present as
uneven growth, which leads to parts of the system “falling behind” or
being “out of phase” with other parts, creating imbalances that hinder
the system’s overall performance and progress. Second, these discrep-
ancies can negatively impact the performance and development of the
system. Hughes points out that “the reverse salient usually appears as a
result of accidents [15] (p.81),” and consequently, “growth of the entire
enterprise is hampered or thwarted, and thus remedial action is required [15]
(pp.79-81).” These negative impacts often draw attention and can have
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adverse effects on society, making a technological system incompatible
with its external context. Third, reverse salients suggest that these dis-
crepancies and their impacts are persistent issues and not random or
transitory. According to Hughes, the laggard components would
“remain a reverse salient” if they were not improved. In other words,
reverse salients are a persistent challenge requiring effort and adapta-
tion to manage, rather than being random or short-lived phenomena.
Fourth, as Hughes emphasized, unlike common technological bottle-
necks, a reverse salient demands urgent resolution before it “becomes a
radical one [14] (p.69).” Although Hughes describes this resolution
process as “a voluntary action,” it is urgent in time and reflects universal
societal values. Table 1 lists these four criteria for recognizing reverse
salients.

2.1. Reverse salient as a nexus of technologies and values

Based on the analysis above, reverse salients refer to persistent dis-
crepancies which negatively impact the development of sociotechnical
systems and require timely correction. The discrepancies can arise from
a variety of factors, including internal forces, social factors, the natural
world, or a combination of these [15]. In order to expand a technological
system, system developers need to identify the reverse salients in the
system and articulate them into a set of so-called ‘critical problems’,
which are solvable translations of the reverse salients [15]. Reverse sa-
lients can inform technology developers of the crucial issues to secure
the success of a new technology, directing the focus of technology de-
velopers towards aspects or dimensions that fall short of established
normative standards. These standards often reflect certain values, indi-
cating what is considered important and desirable, suggesting that
reverse salients are indicative of, or pertain to, the values associated with
technology in development.

A reverse salient can be regarded as a nexus of technologies and
values. When constraints directly shape technology development, the
reverse salients in a sociotechnical system may draw attention to specific
aspects of values and lead to new perceptions of values, while changes in
stakeholders’ values, in turn, may also cause or contribute to the for-
mation of reverse salients. This is in line with a pragmatist under-
standing of values and value change. According to Dewey [35], values
arise only when there is “something the matter” or “trouble” in the
current state, indicating a lack or a conflict that disrupts a smooth course
of events. This concept aligns closely with the notion of reverse salients,
which implies deficiencies or “troubles” in a sociotechnical system. Such
troubles cause a tendency to avoid negative issues, which is not merely
an instinctual reaction but can also be regarded as the starting point for
an evaluative process.

2.2. A sociotechnical account of value change based on reverse salient

As lagging components in a technological system, reverse salients are
triggers not only for technological advancement but also for evaluative
processes. Responding to reverse salients entails new evaluative

Table 1
Criteria for recognizing reverse salients.

Criteria Description

Discrepancy A reverse salient implies a discrepancy between the components in
a sociotechnical system, where some parts fall behind or are out of
phase with others.

Impact These discrepancies negatively impact the system’s performance
and development, hindering overall progress.

Persistence Reverse salients are persistent issues that require continuous effort
and adaptation, rather than being random or transitory
phenomena.

Imperativeness ~ They demand urgent resolution to prevent them from becoming

more radical problems, reflecting their critical importance and the
need for timely intervention.
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processes, which may lead to the updating of value systems in socio-
technical contexts. These processes can lead to the scrutiny and even the
restructuring of existing value systems, while pre-existing values also
influence the way we recognize and address these challenges. Literally,
technological development necessitates extensive decision-making. The
evolution of technological systems requires recognizing reverse salients
and identifying concrete solutions. Developers, users, and stakeholders
continuously assess the worth, utility, and desirability of technologies
and their features based on various criteria, including efficiency, effec-
tiveness, user satisfaction, and societal impact. All these decision-
making processes inherently involve ongoing evaluation influenced by
broader social and environmental contexts. Such evaluation is an active
and continuous process, which not only relies on pre-existing value
systems but also entails a continuous reevaluation of values in light of
new information and experiences, possibly resulting in an updated value
system.

Instead of separately analyzing the individual factors—such as spe-
cific technologies [9,10,36], economic environment [37,38], and public
policies [39,40]—that cause value change, this study adopts Hughes’s
approach, viewing technology as a system comprising interrelated
technical and social elements.’ In such a system, these factors do not
exist independently but are related to the specific context of the system.
The different contexts of system development influence evaluation
practices, as different decision-making scenarios in sociotechnical sys-
tem development can lead to different evaluation processes. Conse-
quently, evaluation processes in different sociotechnical situations will
have different characteristics, leading to different forms of value change.
Focusing on the notion of reverse salients, this study will develop a
sociotechnical account that mainly incorporates two scenarios: the
recognizing and addressing of reverse salients. In these two scenarios,
the different evaluations prompted by reverse salient will also lead to
different changes in the value system.

As Fig. 1 shows, when evaluating our instinctive reactions to reverse
salients, system developers will judge if these negative issues are un-
desirable performances, which can not only create an inconvenient sit-
uation but also represent a fundamental challenge to the system’s
integrity and development. Through this process, pre-existing value
systems as evaluative devices are reaffirmed.

Furthermore, these undesirable performances not only reveal the
lacks or conflicts but also spur individuals to address the issue further.
According to Hughes, addressing reverse salients rests on defining and
resolving critical problems. This involves taking the broad challenge of a
system’s backwardness and breaking it down into specific, solvable is-
sues that can be addressed by engineers and developers [15]. In response
to this undesirable performance, technology inventors and developers
recognize and carefully consider the values at stake and make judgments
about which aspects of performance are more critical to the system’s
success. Translating a reverse salient into specific critical problems in-
volves reflecting on the underlying values that guide the development of
the systems, motivating inventors and engineers to analyze the urgent
needs or missing elements in the realm of technology.

While the reaffirmation of established value systems can change the
priorities of values, the reevaluation of existing values can potentially
foster new perceptions of values. In other words, reverse salient are
related to not only relationships between technologies and values but
also certain translations of values in the sociotechnical systems. In
particular, well-publicized technological catastrophes and problems can
elicit public reactions and precipitate changes in public attitudes in
addition to technical inadequacies [41]. The problems caused by reverse
salients incline stakeholders to question and challenge current situa-
tions, providing an opportunity for individuals to reflect on the

1 While these studies may not explicitly mention value change, they address
at least one of the two types introduced earlier: changes in technology-value
relationships or in value translation.
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Scenario 1 Recognizing Reverse Salients
Highlighting undesirable performances

R Pre-existing value systems as evaluative devices (Certain
everse Aspects of)
Salients Scenario 2 Addressing Reverse Salients Values

Defining critical problems by desirable performance
Values derived from addressing reverse salients

Fig. 1. How reverse salients can relate to values.

underlying value and related normative standards critically and then
consider alternative interpretations of values and related standards that
may better align with their aspirations and concerns. This reflection can
facilitate a more nuanced understanding of the ethical implications of
technology and trigger a process of normative reorientation. By
addressing the issues highlighted by reverse salients, system developers
and actors can expand and refine their value systems, prompting a
recalibration of what is and should be valued.

3. A case analysis of LiBs

This section will exemplify how the analytical approach in the above
account based on the notion of reverse salient can be used to analyze
value change in the specific sociotechnical context of the development of
Lithium-ion batteries (LiBs). LiBs are indispensable in the current energy
market, and their development demonstrates value dynamism in soci-
otechnical systems, as this section will show. Widely deployed in con-
sumer electronics, stationary energy storage, and transportation, LiBs
are the fastest-growing and most impactful segment in the rechargeable
battery market [42-44]. They offer high energy density, low
self-discharge rate, fast charging, long lifespan, and no memory effect.
While lithium-ion materials’ high energy density allows for efficient
energy storage, the movement of lithium ions between the cathode and
anode via an electrolyte during charge and discharge cycles enables
repeated charging without significant capacity loss, making them ideal
for consumer electronics, electric cars, and renewable energy systems
[45]. Playing a critical role in a fossil fuel-free economy [46], the LiBs
industry also raises numerous social and ethical issues with regard to
mining, recycling, and safety hazards, but also by affecting the distri-
bution of capital and power [47].

3.1. Methods for case analysis

This case analysis will be a qualitative longitudinal study, spanning
from the late 20th century to the early 21st century, on LiBs based on a
targeted literature review in which three stages have been identified that
concentrate on a specific emphasis on a certain understanding of values
connected to the development of LiBs.

The analysis comprises three phases. The first phase is to determine
the relevant values for the analysis. There can be many methods to carry
out the research in this phase, such as stakeholder interviews [48] and
sociotechnical value mapping [49]. However, in this case, the author
decided to use a simplified approach by tracing the themes mentioned at
major conferences and journals in the field to select representative
values as examples for analysis. To find out the relevant values to LiB,
the study has reviewed the topics mentioned in the meeting notices and
prefaces of the proceedings of the International Meeting on Lithium
Batteries (IMLB), which is the most important international conference
in the LiB community [50]. If a problem and its impact are frequently
mentioned in the literature, it can also be expected to figure as an
important reverse salient.

In the second phase, the analysis requires a historic inquiry to grasp
the periodization of the technology development. In this case, the author
has used “history” and “lithium battery” as keywords to roughly search
for research papers that briefly outline the history of LiBs to gain a
preliminary understanding of the development history of lithium

batteries. The development of LiBs will then be divided into stages based
on recognized milestone events and trends.

The next phase involves a conceptual analysis based on the most
relevant and important articles for each stage, concerning the values
determined in the earlier phases. The most relevant and highly cited
reviews from different stages will be selected for reading, and a snowball
search will be conducted to investigate and supplement the details. For
example, if safety is chosen as the focus, an initial search will be con-
ducted in Web of Science using the query “TS = (Lithium* OR Li-ion* OR
Li ion* OR lithium ion* OR lithium-ion* OR LiB*) AND (battery*) AND
(safe* OR thermal* OR fire*).” Following the identification of the tar-
geted publications, an analysis is required to examine how these articles
interpret the selected values.

While extensively searching for relevant technical reports, media
news, and academic papers, the first two phases of the study have
particularly focused on two significant journals in the field — the Journal
of Power Sources and the Journal of The Electrochemical Society. These two
journals are among the top journals in terms of the number of publica-
tions on LiBs and have a relatively long history compared to other newly
established top journals in the field. Both journals have published pro-
ceedings from important conferences on LiBs, including the IMLB and
the Symposium on Lithium Batteries at The Electrochemical Society
meeting. This facilitates the tracing of changes in relevant research
themes by reviewing the titles and abstracts of relevant studies in the
proceedings to understand the characteristics of different stages.

3.2. Values in LiBs

As mentioned above, LiBs technologies, like other technologies, are
value-laden. Different LiB technology scenarios may relate to distinct
moral values, such as safety, sustainability, and (social) justice [27,28,
51-53]. The ongoing advancements in LiB technologies can drive the
evolution of existing technology scenarios and the emergence of new
scenarios. While safety has always been a focal point in the evolution of
LiBs, the strategies adopted by researchers and engineers to mitigate the
risk of fire accidents have continually evolved. Concurrently, sustain-
ability has become increasingly important for LiBs, particularly due to
the strain on mineral resources and the pollution caused by challenges in
recycling. Besides, the production of LiBs has also begun to challenge
other values, such as social justice issues in lithium mining, and po-
tential concerns regarding user privacy in battery management systems,
though these topics have received relatively less attention.

Based on the preliminary analysis of focused topics in meetings like
IMLB, this case study will mainly focus on the value of safety and sus-
tainability for two reasons. First, issues and concerns about safety and
sustainability widely overlap with one another, as they both maintain an
emphasis on the protection and development of society (people), the
economy, and the environment (ecology) [54]. More specifically, values
of safety and sustainability are both deeply intertwined with the over-
arching goal of hazard reduction, due to the special characteristics of
LiBs — thermal instability and reliance on critical metals [55]. Second,
safety and sustainability may also be the most discussed moral values in
the development of LiBs [26-28], since the challenges of thermal hazard
and recycling in LiBs have not only been emphasized in policy docu-
ments, but also in academic conferences. In sum, focusing on these two
of the most discussed values allows the analysis to center around the
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core themes and concerns that have historically driven the development
of LiB technologies. This provides a more focused and structured
approach to exploring the development of LiB technologies across
different historical stages. Each stage can be examined through the
relationship between the reverse salient and the values, providing a
coherent narrative.

3.3. Dynamics of reverse salient in LiB sociotechnical systems

While LiB technologies may not conform to the typical technical
system described by Hughes, the theoretical approach presented in
section 2 remains applicable to LiB technologies. LiB technologies can be
analyzed as technological systems in at least two distinct ways. Firstly,
LiB technologies constitute a sociotechnical system that encompasses
the entire lifecycle of batteries, including mining raw materials,
manufacturing processes, integrating various devices, and recycling or
disposal at the end of the battery’s life. These technical elements are also
intertwined with social elements such as labor practices, policy docu-
ments, consumer behavior, and economic trends. Secondly, LiB tech-
nologies are integral components of larger sociotechnical systems, such
as electric vehicles (EVs), consumer electronics, and stationary energy
storage systems. LiBs interact with other technologies, infrastructures,
regulations, and user practices in these broader systems, creating a
complex web of technical and social dynamics.

From a sociotechnical perspective, the development of LiBs can be
divided into three stages, marked by key technological development
milestones and trends: early research and experimentation
(1970s-1980s), commercialization (1990s-2000s), and expansion into
new applications (2010s-now). The first stage began in the 1970s with
the commercialization of primary (non-rechargeable) Li-metal batteries.
Initially driven by military demands for power sources and the oil crisis
[56], all research on LiBs was conducted in laboratories, and the LiB
sociotechnical system was still in the making during this period. The
early formation of the LiB sociotechnical system characterized the sec-
ond stage. In 1991, Sony emerged as the pioneer in LiB commerciali-
zation, a milestone in the industry, setting the stage for the widespread
adoption of LiBs in electronic devices [56-58]. The third stage is marked
by the expansion of LiB sociotechnical system in the era of energy
transition, especially in new energy storage and electric vehicles, during
which the explosion of the electric vehicles industry provided a giant
opportunity for the development of LiB [59] and research into LiB had
drastically increased [60].

Within the sociotechnical system of LiBs, reverse salients are not
static, but rather subject to change, which can also be associated with
value change. Referring to system components that lag in and thus
impede its progress, reverse salients have shifted as the system expanded
and evolved. Once a previously identified reverse salient is addressed
within a specific sociotechnical system, it will no longer be considered a
reverse salient; conversely, new reverse salients emerge as a socio-
technical system expands and incorporates new elements. Since the
various interrelated technologies of LiBs can be regarded as a socio-
technical system, different reverse salients can arise at different stages of
their development. The following part will discuss the reverse salients
and their relation to the value of safety and sustainability at each stage.

3.3.1. Early research and experimentation (1970s-1980s)

Researchers drove the early research of LiBs by a combination of
internal and external factors. Key scientific contributions came from
Nobel laureates Stanley Whittingham, who established the principles of
intercalation chemistry in the 1970s; John Goodenough, who discovered
lithium cobalt oxide (LiCoOy) as a cathode material, enhancing LiB
energy density in the 1980s; and Akira Yoshino, who assembled the first
modern LiB prototype in 1985 [45,61,62]. Concurrently, external
stimuli like the U.S. military’s investment in LIBs for lightweight,
high-energy applications, the push for alternative energy sources
following the 1973 Oil Crisis, and the growing need for advanced
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medical devices fostered the technology’s development [57,63,64].

During this early stage, the secondary LiB system concentrated on
rechargeability, with thermal stability also being a key concern [65,66].
Researchers were primarily concerned with finding electrode materials
and electrolytes that would not pose risks by their nature. They tried
methods such as purifying the electrolyte, using surface modifiers, and
employing alloying substrates [67]. Specifically, intercalation was
recognized as a method to form stable compounds, thereby reducing the
risk of unwanted reactions or depositions [68]. Concerns about sus-
tainability were not pronounced, as the immediate goal was to establish
a reliable and safe battery. According to papers in the Journals of Power
Sources and Journals of Electrochemistry, researchers tried to find more
stable electrolytes and electrode materials [69]. This was not easy, and
some companies even gave up developing LiBs because they were too
unstable. For example, in the 1980s, Exxon discontinued its investment
in LiB research, not only because of the resolution of the oil crisis, which
had initially motivated Exxon’s investment, but also due to the com-
pany’s lack of confidence in the application potential of LiBs, which
were seen as unstable and prone to fire [70]. Similar to rechargeability,
the safety of LiB was directly linked to their performances. In the
absence of safety, their application would not be possible.

Additionally, the acceptance of hazards was very low in the early
days of LiBs. Evidence highlighting the focus on inherently safe mate-
rials during that period can be gleaned from news reports. For instance,
a case in point is the incident involving the battery pack of a cellular
phone by Nippon Telephone and Telegraph in August 1989 [71,72],
which led to consumer apprehension. While the battery’s combustion
caused only minor injuries to its users, it spelt an unwanted financial
disaster for battery manufacturers. The epic story of Moli Energy ex-
emplifies a case of a reverse salient, where a hazardous battery mal-
function in a cell phone triggered a recall and highlighted the
requirement for safety [73]. This incident propelled the critical issue of
lithium-metal’s volatility in batteries to the forefront. The revelation
that lithium-metal was ill-suited for the recharge cycles of personal
electronics fundamentally challenged the industry’s unwavering belief
in the material’s safety, prompting a reassessment of value
specifications.

Even though researchers did not frame the problem of thermal
instability as a safety issue from the beginning, there was a strong
emphasis on inbuilt safety features in the early stage of LiB development,
making thermal stability a reverse salient in this stage. This focus was
driven by several factors, including the immaturity of the technology,
the need to establish a reliable and safe foundation, and the high stakes
associated with battery failure. This resulted in the development of more
stable electrolytes and electrode materials, as well as the adoption of
design features that could mitigate the effects of accidents. The impor-
tance of safety was further underscored by high-profile incidents such as
the Moli Energy battery recall.

3.3.2. Commercialization (1990s-2000s)

The commercialization of LiBs began in the early 1990s with the
introduction of the first commercial LiB by Sony. The first commercial
LiB was a nickel-cobalt-aluminum battery which had a capacity of 1.2Ah
and was used in the Sony Mavica digital camera [74,75]. This was fol-
lowed by the development of LiBs by other companies, such as Pana-
sonic, Sanyo, and LG Chem [76,77]. The commercialization of LiBs led
to a growing market, as they were used in a wide range of applications,
including consumer electronics, electric vehicles, and energy storage
systems. By the end of the 1990s, LiBs were being used in a variety of
consumer electronics products, including laptops, camcorders, and
mobile phones [69,78].

In the early days of LiB development, the effort to search for safer
materials led to significant advances in the development of LiB materials
and electrolytes. Researchers identified and prioritized the use of ma-
terials that were less likely to pose risks, even in the event of failure. This
resulted in the development of more stable electrolytes and electrode
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materials, as well as the adoption of design features that could mitigate
the effects of accidents. In this period, inventors began to focus on de-
signs beyond the basic battery components—designs that do not impact
the fundamental functions of the battery but can enhance its safety
performance. For example, some researchers started to work on pack-
aging technologies that isolate cells, focusing on the use of non-
flammable components that could avoid unintended reactions within
the battery pack, thus preventing explosions in use and transportation
[79]. The incorporation of safety vents in packaging could also prevent
explosions by releasing pressure in a controlled manner [80,81]. As
technical challenges related to thermal instability were partly overcome,
safety issues became less pressing, although they have persisted in
garnering attention.

The issue of resource supply began to surface, highlighted by the
limited availability and unequal distribution of critical minerals like
lithium and cobalt. The reverse salients at this stage were characterized
by unwelcome price fluctuations and worries about mineral depletion,
prompting strategies to explore new mining areas and search for new,
cheaper materials to ensure the continued growth of the LiB market. As
the technical challenges related to safety were gradually solved, the
system faced new limitations, including resource scarcity and the eco-
nomic implications of material sourcing. This shift reflects a broader
understanding of the implications of LiB technologies beyond immediate
technical concerns. The partial addressing of safety concerns facilitated
commercialization of LiBs, but also highlighted the problem of resource
scarcity. Therefore, while the instability of LiBs remains a reverse
salient, the sustainability of resource supply has also become a signifi-
cant issue. The growing awareness of sustainability issues continued to
shape the development of LiB technology in the next stage.

3.3.3. Expansion to new applications (2010s-now)

The rising frequency of climate disasters has made it increasingly
important to advance the energy transition, which fosters the environ-
ment for the expansion of LiBs into new applications, especially EVs and
large-scale energy storage. Beginning in the early 2010s, the escalating
demand for EVs and energy storage systems resulted in the expanded
production and size of LiBs. In 2010, Tesla, the leading EV company,
secured a $465 million loan from the US Department of Energy and
repaid it nine years early. It rapidly became California’s largest auto
industry employer and gained wide acclaim for its products [82]. Before
2010, electric vehicles were largely marginal, almost prototype prod-
ucts, but sales surged rapidly from 2010. The global electric car stock
reached 1 million units in 2015, grew to 2 million by 2016, and reached
7.2 million by 2019 [83]. During the same period, LiBs have also been
integrated into the electricity grid to stabilize intermittent renewable
energy supply. An increasing number of LiB-related applications have
emerged, aiming to decarbonize transportation systems and expand
renewable energy usage [84,85].

Due to the current electrification and decarbonization of society,
energy technology, as a decisive factor in modern society, faces
increasingly stringent and complex requirements, further highlighting
the issue of thermal stability in LiBs. Firstly, the growth in LiB appli-
cations has led to an increase in the number of accidents. These batteries
are ubiquitous in our daily lives, from powering various electronic
products and transportation systems to facilitating large-scale energy
storage in solar and wind power plants. Secondly, the scale and intensity
of LiB accidents have also increased due to the rising energy capacity
and the growing energy density. In the early 1990s, a LiB of less than 10
Wh was adequate to power Sony CCD-TR Series camcorders [86].
Post-2010, the average LiB capacity in EVs rose to 40 kWh, and by the
late 2010s, grid-scale storage demanded LiBs with capacities ranging
from tens to hundreds of MWh. The energy density of LiBs has also risen
from 80 Wh/kg in the 1990s to more than 400 Wh/kg by the end of the
2010s [87]. With increased energy density, even simple damage can
release substantial heat. Furthermore, accidents are showing greater
diversity in their details, not only due to the increasing variety of
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application scenarios but also because of growing attention to technical
aspects like transportation and recycling.

As a major manifestation of the thermal instability of LiBs, LiB ac-
cidents have not only forced technical personnel in the field to pay more
attention to improving the safety of LiBs but also made the public more
aware of the safety issues of LiBs. As a result, the importance of safety in
the LiB sociotechnical system has increased significantly since the
2010s, as LiB accidents have become more frequent and severe [88,89].
However, the concern of safety is not only limited to prioritizing safety
in LiB technologies, but also encompasses the respecification of safety in
LiB standards. For example, the application of LIBs in electric vehicles
(EVs) has increased the demand for impact resistance, as traffic acci-
dents can easily cause mechanical harm, which in turn might trigger
thermal hazards in LiBs, exacerbating the situation. In addition to the
conventional tests for thermal heating and (dis/over)charging, stan-
dards such as IEC 62660-2 have included tests for dropping and vibra-
tion [90]. In addition, as the capacity of battery packs increases, the
emergence of Battery Management Systems (BMS) has begun to play a
more proactive role in accident prevention through temperature moni-
toring as well as State of Charge and State of Health monitoring [91].

In the same period, the issue of raw material availability also became
more pressing with the scaling up of LiB production. While instability in
raw material supply, leading to price instability and difficulty in
reducing costs, was already a concern in the previous phase, the scarcity
of raw materials has now led our world to face a shortage, particularly of
lithium and cobalt [92,93]. Moreover, the environmental damage
caused by LiB production, particularly the mining process, has also
gradually attracted attention. Since LiB materials are not highly toxic,
research on the environmental impact of LiBs is mainly focused on as-
pects such as greenhouse gas emissions during production. The unde-
sired impact of raw material extraction, such as lithium mining, on local
ecosystems is also becoming increasingly evident. In addition to envi-
ronmental damage, mining can sometimes have negative social impacts
[94,95]. In some cases, mining activities have the potential to result in
the displacement of local populations or adversely affect their health
and well-being.

As the looming raw material shortage and the environmental impact
of LiBs came under scrutiny, the sustainability of the LiB industry has
also gained increasing attention. Addressing these challenges is crucial
not only for the LiB industry but also for other sectors reliant on stable
battery supplies; whilst noting that the sustainability of the LiB industry
is multifaceted, encompassing environmental, social, and logistical
challenges at every stage of its life cycle [27,96,97]. Stakeholders in the
industry are trying to address the sustainability challenges of the LiB
industry through various strategies. During this phase, an increasing
number of researchers started focusing on more efficient and safe LiB
recycling methods. Policymakers also have made efforts to address the
issues of lithium and cobalt mining and set recycling requirements for
LiB companies. Additionally, academia has kept exploring alternative
energy storage methods like sodium batteries and aqueous zinc-ion
batteries. In this context, the importance of sustainability in LiB tech-
nology has grown, and the specification of sustainability has become
increasingly diverse, sometimes even leading to conflicting in-
terpretations. The supply chain issue, initially focused on whether nat-
ural resources could continuously support LiB production, has now
extended to include concerns about whether LiB production can avoid
negative environmental and social impacts. At this stage, as the problem
of battery stability intensifies into a severe reverse salient, the supply of
raw materials also becomes a serious issue that requires proper
resolution.

4. An interpretation of value dynamism in the LiB development
As summarized in Table 2, the emphasized aspects of values have

continuously changed over time, with the relative importance and
interpretation of safety and sustainability undergoing changes through
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Table 2

A summary of the case analysis on LiBs.

Development Stage

Reverse Salient

Critical Problems

Emphasized
(Aspects of)
Values

Early Research and
Experimentation
(1970s-1980s)

Commercialization
(1990s-2000s)

Expansion into New
Applications
(2010s-now)

The instability as
a flaw in LiBs,
leading to the
discontinuation of
LiB development
by companies like
Exxon

Despite
improvements,
thermal stability
still requires
certain attention

Resource supply
concerns due to
price fluctuation
and mineral
depletion

The growing scale
and density of
batteries
highlight the
persistent issue of
thermal stability

Challenging
extraction of raw
materials that are
unevenly
distributed and
limited in
availability

What materials
can demonstrate
resilience to
overheating,
thermal
runaway, and
explosive
reactions?

What methods
can reduce the
occurrence of
accidents
involving
electronic
products and
incidents in
industrial
production?
How can the
dependency on
precious metals
in product
manufacturing
be reduced?
What are more
effective
strategies for
addressing
increasingly
frequent and
severe incidents?
How can the
impact of lithium
battery
production on
local
communities and
the environment
be mitigated?

Initial focus on
inherent safety,
leading to the
search for stable
electrolytes and
eletrodes

Shift towards
more extrinsic
safety measures
in production
and
transportation
processes

Focus on the
sustainable
growth of the
industry

More proactive
measures to
address safety,
enhanced safety
standards and
practices

Intensified
commitment to
sustainability,
leading to
increased
industry focus
on efficient
recycling
methods and
alternative
energy storage
solutions

the different stages of LiB development.
a) Safety

In the development of lithium-ion batteries, safety remains a para-
mount concern. The understanding of safety has undergone two key
transformations. The first shift moved from an emphasis on what can be
called inherent safety to extrinsic safety. Here, “inherent safety” refers to
the intrinsic stability of a material or design that minimizes risks by its
very nature, reducing the need for additional safety strategies. In
contrast, “extrinsic safety” emphasizes the addition of protective mea-
sures. While not essential to the battery’s primary operation, these
measures provide further safety by managing and containing the effects
of potential failures. The second shift saw an expansion from passive to
active safety. “Passive safety” relies on design features that passively
protect users and minimize injury without requiring any preemptive
action or intervention. Conversely, “active safety” incorporates features
that actively prevent accidents and enhance the battery’s operational
safety by helping prevent hazards and maintain control (see Fig. 2).

The initial two stages of LiB research were characterized by a passive
safety approach, which involved rigorous testing and examination of
sample products to minimize the consequences of potential incidents. As
thermal instability presented a significant challenge from the very
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beginning, researchers tried to find inherently safe electrode and elec-
trolyte materials—those with properties designed to mitigate the reac-
tivity of lithium electrodes without the need for additional safety
measures. In the second stage, safety issues were resolved to a certain
extent, as researchers and engineers found relatively stable lithium
intercalation compounds [98], which were inherently safer. Therefore,
researchers expanded their focus in this period to design beyond the
fundamental components of the batteries, particularly battery packaging
[79]. This shift marked a move towards a more extrinsic interpretation
of safety, involving additional measures outside the battery’s core
design to bolster safety. Such extrinsic safety features, while not integral
to the basic functioning of the battery, serve to supplement safety by
providing additional layers of protection, such as robust casings to
contain and manage the effects of potential failures.

After 2010, with the increased performance demands on LiBs, more
active safety strategies have been developed. These measures are char-
acterized by systems added onto the battery to monitor actively and
control operational conditions, such as temperature, voltage, and cur-
rent, thereby preventing unsafe scenarios. This evolution represents a
philosophical transition in LiB safety strategies from reliance on
inherent safety—safety embedded within the basic design, obviating the
need for extra devices or procedures—to a combination of passive and
extrinsic active safety. The latter involves additional systems external to
the core design, implemented to mitigate risks further and enhance the
battery’s operational safety.

b) Sustainability

Sustainability was not prioritized in LiB design at the beginning as
LiBs were thought to be much greener than traditional batteries, which
relied on heavy metals. However, after the commercialization of LiBs,
the issue of raw material supply emerged. Due to local resource deple-
tion, unequal resource distribution, and other issues, the industry began
to worry about the stable supply of natural resources. In the 2010s, with
the emergence of new applications, demand for raw materials sky-
rocketed, and accompanying social and environmental issues also
increased, such as the impact of mining on local ecosystems. The
interpretation of sustainability has undergone a significant shift, moving
away from the industry-oriented “weak sustainability” approach to-
wards a more nature-oriented “strong sustainability” paradigm, which
prioritizes the minimization of environmental and social repercussions
(see Fig. 3).

Based on the analysis above, the relative importance and interpre-
tation of safety and sustainability within Li-ion battery (LiB) socio-
technical systems have changed. Here, the study distinguishes between
two fundamental aspects of value change (also see Ref. [2]).

1) Changes in the relationship between technology and values. This
type of value change occurs when the perceived relevance or
importance of a value changes within a sociotechnical system.

2) Changes in the translation of values. This type of value change occurs
when the way in which a value is understood or operationalized
changes.

The approach to managing reverse salients involves two steps (see
Table 3) The first step is to recognize the reverse salients, and the second
is to translate them into critical problems. In the first step, established
values serve as evaluative devices to assess the performance of techno-
logical systems. When undesirable performances are identified and
capture attention, developers (re) affirm the importance of corre-
sponding established values that have not been successfully embedded,
which may change these values’ priority in the design process. This
process functions as an evaluative judgment that questions the system’s
alignment with established values, essentially asking: “Does the current
state of the system adhere to established values?” If the answer is “yes”,
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Inherent Safety

Inherent safety is embedded
within the basic design,
obviating the need for extra
safety devices or procedures.

®

Extrinsic Safety

Extrinsic safety is achieved
through add-ons external to
the core design,
implemented to further
mitigate risks.
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Passive Safety

Passive safety aims to
minimize the impact and
consequences of accidents.

@

Active Safety

Active safety focuses on
preventing the occurrence
of accidents.

Fig. 2. The shifting focus of LiB safety.

Industry-oriented Sustainability
primarily focuses on the efficient use
and stable supply of resources to meet
industry demands.

Natural-oriented Sustainability
focuses on minimizing environmental
and social impacts.

Fig. 3. The Shifting focus of LiB Sustainability.

Table 3
Sociotechnical account of Value Change based on the notion of reverse salient.

Technical system
development

Evaluation processes Types of value change

Reverse Salients
represented as
undesirable
performance

Critical Problem
defined by desirable
performance

Pre-existing values are
reaffirmed by highlighting
undesirable performance

Changes in the
relationship between
values and technologies

Values are reconsidered in
the process of defining
critical problems

Changes in the
translation of the values

but the feeling of undesired performance persists, developers must
consider whether to change the priority of values or incorporate addi-
tional values to evaluate the current status. Such recognition of reverse
salients relies on an understanding of the existing “orders of worth” or
value systems within a sociotechnical context [99].

In the second step, to address the reverse salients, developers must
translate them into more specific “critical problems”. The urgency of
resolving the problems posed by reverse salients drives developers to
engage with these issues further and deliberate on what is considered
desirable performance. This reflection is integral to continuously iden-
tifying concrete critical problems that demand resolution. Articulating
desirable performance and critical problems necessitates the (re)
consideration of value translation, which is not limited to discerning
what is or should be valued but also how it should be operationalized.
The value judgments involved in articulating desirable performance and
critical problems can lead to changes in value interpretation, question-
ing: “How should specific system issues be resolved to better embody
and fulfil our existing values?” The questions explored in this stage are
more open-ended than those in the previous stage.

5. Discussion

The approach based on reverse salient outlined in Section 2.2 has
shown that different sociotechnical scenarios can contribute to different
types of value change, which prompts the further examination of the
roles of value judgment in recognizing reverse salients and identifying
critical problems. This paper asserts technological development and
value dynamism are interconnected and mutually influence each other
through reverse salients. By such a reverse-salient-based approach, it is
possible to explain how reverse salients impact value judgment, leading
to value change, and how value dynamism arises within sociotechnical
systems. This section aims to deliberate on this mechanism, analyzing
how the evolution of sociotechnical systems influences this mechanism
and its characteristics.

Within a certain sociotechnical system, the factors influencing the
mechanisms of value change described in a reverse-salient-based ac-
count appear on two levels: the dynamics of reverse salients and the
dynamics of critical problems. At the level of reverse salients, system
developers would use commonly acknowledged values to identify the
problem better, so certain values will be emphasized if something that is
commonly valued is not realized. In an evolving sociotechnical system,
reverse salients continuously change; as past reverse salients are
resolved, new ones emerge. A given sociotechnical system may face
different reverse salients at various stages of development, thus drawing
attention to different values at each stage. When a reverse salient per-
sists, its manifestations can vary as the conditions shift, influenced by
changes in both the environment and other system components. For
instance, the instability of lithium batteries manifests differently in
various application contexts. For the same reverse salient, critical
problems identified may also change over time, which can be reflected
in different translations of values. This dynamic indicates that as
stakeholders’ understanding of a reverse salient deepens or evolves, the
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way in which values are conceptualized and specified—referred to as
“translations of values”—also changes.

Furthermore, the relationship between reverse salients, critical
problems, and values is not one-to-one. Values associated with a reverse
salient may shift, resulting in a scenario where a single reverse salient
correlates with multiple values. In the case of LiBs, as the scale of fires
increases, the environmental damage caused by such fires raises con-
cerns about environmental sustainability. As reverse salients change,
critical problems will change accordingly; however, the converse is not
always true. For the same LiB thermal hazard, the critical problem may
shift with the social context and the identity of decision-makers, thereby
affecting the specification of values in technical texts and policy docu-
ments. Similarly, like reverse salients, the relationship between critical
problems and values is not one-to-one.

The account presented in this paper is compatible with other theories
of value stemming from pragmatism. For example, the destabilizing
conditions created by reverse salients are similar to Dewey’s “indeter-
minate situations,” which are ambiguous, conflicted, and lack a clear
course of action, necessitating an inquiry process [9,35,100]. The notion
of reverse salients can further elucidate why technological development
can lead to undesirable scenarios as new indeterminate situations.
Triggered by unforeseen reverse salients, these undesirable scenarios
necessitate a response. This reverse-salient-based account reveals that
technical components may not be the sole disruptors, as indeterminate
situations arise from the combined influence of all components within
the system.

Such an account also explains that the degree of indeterminacy can
vary across different situations. Since reverse salients are persistent
problems, some destabilizing conditions caused by reverse salients can
be recurrent or even predictable. Each occurrence compels a deeper
consideration of the pertinent values through which the values used for
judgment are recognized and enhanced. In such situations, the chal-
lenges or disturbances caused by reverse salients are more determinate
and can be resolved through a more direct and intuitive judgment pro-
cess, not requiring extensive inquiry [99]. When facing new destabiliz-
ing conditions, there are at least three possible scenarios for the
established value system within the sociotechnical system regarding the
relationship between the values and technologies and the translation of
these values.

1) The established value system is sufficient for judgment and does not
require incorporating new values, changing priorities, or adjusting
specific translations of these values.

2) The established value system is adequate for the initial judgment but
requires adjustments to the translations of these values.

3) The established value system is insufficient for the initial judgment,
necessitating the incorporation of new values or changing priorities,
and corresponding adjustments to the translations of these values.

As evaluation devices, value systems can be not only updated but
also reinforced during the evaluation process. This reinforcement may
not cause a radical shift in priorities, but its cumulative effect can
strengthen the relationship between the values and the technology.
Whether they align with established values, the focus on these values
makes them more relevant to a certain technology. As Wilson and
Sperber stated [101], new information can achieve relevance by either
strengthening or contradicting an existing belief. In recognizing a
reverse salient, value judgments also reinforce established values by
highlighting how a part of the system is not meeting the standards or
expectations set by them. Identifying a critical problem presupposes the
importance of that value within the sociotechnical system, even if it does
not imply a change in priority.

Based on the aforementioned theoretical contributions, this reverse-
salient-based account is helpful in understanding and elaborating the
dynamic connection between technological development and value
dynamism within sociotechnical systems. The case study of LiB has
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practically demonstrated how it can help analyze the phenomenon of
value change in LiB sociotechnical systems. Specifically, it can trian-
gulate some phenomena and findings described in other studies on LiB
technological development trends. For example, some researchers con-
ducted bibliometric analyses of articles in the field of LiB, showing that
research on thermal hazards and safety-related issues in the LiB field
rose slowly or even fluctuated from 2000 to 2010 [102,103]. This cor-
responds to the second phase defined in this study, where safety-related
reverse salients were partly addressed. Analyzing changes in term
occurrence frequency also reflects a shift in research themes from the
electrochemical properties of materials to thermal management, indi-
cating a conceptual transition from passive safety to active safety [104].
The rise of topics like LiB recovery and recycling also correlates with the
increasing prominence of sustainability-related problems [104]. This
demonstrates that this approach can help explain quantitative research
results and even form hypotheses for further quantitative studies.

6. Conclusions

This paper argued that Thomas Hughes’s notion of reverse salient
can be used to better understand value change in the development of a
sociotechnical system. It developed a sociotechnical account of value
change based on Hughes’s notion of the reverse salient. A case study of
the LiB sociotechnical system was conducted to demonstrate the initial
perspective, showing how reverse salients may be connected to values.
By spotlighting the gap between the actual and desirable performance,
the formulation and resolution of a reverse salient has the potential to
draw attention to certain values or certain translations of values. The
study further elaborates on how this approach can be applied to eluci-
date changes in values: generally, both reverse salients and critical
problems vary according to the specific context; therefore, in diverse
scenarios, different aspects of value are recognized and weighed during
deliberations as people assess the current state, define long-term visions,
and identify problems to be resolved, leading to a dynamism of values.

This account presents an analysis of how values relate to and are
transformed by technological development, distinguishing and eluci-
dating two types of value change: 1) changes in the relationship between
values and technologies and 2) changes in the translation of values.
Generally speaking, the latter occurs more frequently on a shorter time
scale, while the former spans a broader, more macroscopic frame. This
account offers not only an approach for analyzing value change
informed by sociotechnical system theories emphasizing in-
terconnections between social and technical elements, but also a linkage
between different types of value change through the process of
addressing reverse salients. This theoretical perspective also offers in-
sights for responsibly developing technology, encouraging a more active
participation in the co-evolution of technology and values.

Aiming to explore the link between reverse salients and value dy-
namics, this study analyzes their core characteristics and investigates
value change within two distinct scenarios of responding to reverse sa-
lients. Accompanied by undesirable negative effects, reverse salient is
regarded as an inherent defect of a technological system. If a reverse
salient cannot be resolved, it will continually be represented as various
negative events, thereby causing persistent adverse impacts. Therefore,
a negative event always necessitates serious reflection on its causes,
requiring us not to compromise our core values. It is crucial for tech-
nology developers to responsibly identify the corresponding critical
problems and timely adjust the technical specifications as needed. By
addressing value change, raising the threshold for technical standards
and technological innovation, and being more cautious in the process of
technology promotion, the negative impact of reverse salients can be
kept within acceptable limits.

This study also offers helpful insights into addressing value change.
First, value change can be more complex than anticipated, as many
reverse salients are unpredictable. As Hughes mentioned, recognizing
reverse salients requires monitoring technological development [14].
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While continuous monitoring is currently essential to respond promptly
to changes, predicting value change and reverse salients warrants
further investigation. Second, value change is highly contextual. To
provide guidance on technical details and more practical implications,
this approach can be applied to analyze more specific application sce-
narios in future research. Value priorities and translations may vary
across contexts for technologies with broad applications, like LiBs. For
example, while safety is crucial in all scenarios, grid energy storage does
not prioritize space efficiency—i.e. energy density—as much as electric
vehicles do.

Admittedly, the concept of reverse salient has not been given a
strictly operational definition, although it has significant importance in
technological research as a seminal concept related to sociotechnical
systems. Reverse salients are highly context-dependent, which can make
it challenging to apply a standardized approach to identifying and
addressing them. This has resulted in their theoretical significance
outweighing their practical value. To better apply it in practice, on the
one hand, the definition of reverse salients can be interpreted in a more
operational manner by incorporating new methods, such as expert in-
terviews and performance gap measures, to guide technological devel-
opment [105,106]. This study also proposed criteria for recognizing
reverse salients, but further research is needed to standardize these
criteria. On the other hand, since Hughes emphasized that reverse sa-
lients can be comparable with concepts like bottlenecks [14], other
related concepts and identification methods can be referenced to make
them more operational. For example, bottleneck technologies, which
limit at least one system function, can be identified with the Constraints
Approach [107], and system efficiency metrics can reveal critical dis-
parities [108].

Furthermore, this study also lays the groundwork for analyzing value
changes from historical and sociological perspectives. On the one hand,
through Hughes’s theory, the account connects value change with the
history of technology; on the other hand, the emergence of reverse sa-
lients and the identification of critical problems are not only related to
the inherent characteristics of the technology, but also depend on the
social environment and actors, which can be further explored from the
perspectives of social structure and interaction. This reverse-salient-
based approach can serve as an entry point to explore the micro-social
processes involved in addressing reverse salients. While individual
leading developers play a major role, reverse salients are, in fact, a
collective phenomenon influenced by power structures. This approach
allows more detailed empirical investigation, which can potentially
deepen our understanding of how individual and collective values
interact within the web of social power in the emergence and resolution
of reverse salients, thereby refining the mechanism of value change.
Such a nuanced comprehension of value change, in turn, enables us to
recognize the specific process of value change, allowing developers and
stakeholders to engage more proactively in the development of socio-
technical systems.
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