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Focusing on innovation dynamics in public libraries, this article begins by revisiting one of the very first attempts
to construct a theory of innovation in services: the reverse product cycle (RPC), published in Research Policy
(Barras, 1986, 1990). With reference to ICT-based innovation trajectories in libraries, the article validates the
RPC by identifying a cycle that begins with a stage dominated by process innovations, followed by one domi-
nated by product innovations. It goes further by extending — and in some respects updating — the model, taking

into account forgotten technologies and introducing new waves of enabling technologies associated with In-
dustry 4.0 and 5.0. The rise of the internet and digitization posed an existential threat to libraries. Their survival,
however, is due to their ability to reinvent themselves — transforming this threat into an opportunity, and
embracing innovative trajectories that aren’t solely ICT-based. These include book-, object-, individual-, and

space-based trajectories.

1. Introduction

Interest in service innovation really took off in the mid-1980s and
early 1990s. Barras’s reverse product cycle (RPC), published in the
journal Research Policy (Barras, 1986, 1990), is generally considered one
of the first attempts to construct a theory of innovation in services
(Gallouj, 2002; Djellal, 2023). This theory, while quite simple, is of
undeniable heuristic value, and analyzes the dynamics of innovation in
services according to a cycle that begins with a stage dominated by
process innovations and is followed by a stage dominated by product
innovations. This cycle would, thus, be the reverse of the well-known
“normal” cycle described in industrial sectors by Abernathy and Utter-
back (1978). Information and communication technologies (ICTs),
which Barras calls “enabling technologies”, are the mainspring of this
RPC, which is intended to apply to services.

The aim of this article is to re-examine RPC theory in the light of
innovation dynamics within a particular service sector: public libraries.
This project serves a number of purposes. First, it aims to fill the theo-
retical gap that tends to characterize the library science literature on
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innovation (Desmarchelier et al., 2024, 2025; Potnis et al., 2020; Pel-
lack, 2022). This is above all a qualitative literature in which surveys
and (often detailed) descriptions of innovation cases predominate. At its
best, it leads to typologies of innovation that endeavor to pinpoint the
specificities of innovation in libraries (Potnis et al., 2020; Nicholson,
2017).

The second aim of this article is to address the special relationship
that exists between libraries and ICTs. Unlike the services that originally
formed the empirical underpinning of the RPC model (i.e. banks, in-
surance companies, large international audit and consulting firms, local
public administrations), library services have an ambiguous and con-
tradictory relationship with ICTs. While ICTs have been, and continue to
be, “enabling technologies” for innovation, they have also constituted
more of an existential threat to library activity than to other services.
Indeed, combined with the digitization of books, the internet has led to a
disaffection with libraries, raising fears of their outright disappearance
(Flood, 2019; Potnis et al., 2020; MacDonald and vanDuinkerken,
2015). By the late 2000s, then, there was an extensive literature asking
questions as to the relevance of libraries in the age of online information
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(Smith, 2019). A quarter of a century later, the answer is clear: the li-
brary continues to exist. It has — having implemented the processes of
adaptation and innovation necessary to its survival — been able to
reinvent itself in line with the Schumpeterian logic of “creative
destruction” (Schumpeter, 1911). Its survival is due to its ability to
transform the existential threat into an opportunity, and embrace
innovative trajectories that aren’t solely ICT-based. These include book-
based, object-based, individual-based, and space-based trajectories.

To account for these processes of adaptation and innovation, this
article is based on a review of the literature and empirical material from
the European LibrarIN project (“Value-co-creation and social innovation
for a new generation of European libraries”, Horizon Europe, 2022-
2025). The literature review, which also supported other research ob-
jectives within the LibrarIN project, covered more than 400 scientific
articles and almost 50 books. It allowed us not only to refine our theo-
retical framework, but also to identify notable examples of innovation in
libraries. On the empirical side, the interviews we conducted were
mainly with library directors (from national, university, regional and
municipal libraries) in France and Canada. Our objective was to gather
examples of innovations implemented, either in the library surveyed, or
in others. Using a semi-directive interview guide, we collected infor-
mation on the nature of the identified innovations, their determinants,
their impacts, the obstacles faced, and the ways in which the innovation
process was organized.

This article is organized into three sections. In Section 2, we offer an
overview of the RPC model, in its relationship with the normal product
cycle (NPC) model, within the general context of service innovation
theories. In Section 3, we endeavor to explore innovation dynamics in
libraries using this original model (based on Industry 3.0 technologies).
In Section 4, we present an extended, updated RPC model that takes into
account the advent of industry 4.0 and then 5.0. We highlight a number
of non-ICT-based innovation trajectories that are invisible to this model
yet have enabled public libraries to survive the existential threats posed
by certain recent developments in ICTs.

2. The reverse product cycle and its relationships with the
“normal” cycle

Barras’s RPC model follows on from, synthesizes and brings coher-
ence to numerous works that address innovation in services in terms of
the impact of ICTs on a range of economic variables including employ-
ment, qualifications, productivity, service quality and international
trade (Gallouj, 1998). As already mentioned, it describes the innovation
cycle in services as the reverse of the traditional (“normal”) industrial
cycle.

This industrial innovation cycle, which originated in capital goods
industries such as ICTs, highlights forms of innovation whose rate of
occurrence varies according to the stage of the cycle under consideration
(Abernathy and Utterback, 1978). In the initial (fluid) stage, product
innovation dominates, then in the subsequent (transitional and specific)
stages, once a “dominant design” has been established, process in-
novations steadily gain in importance and come to dominate, until a new
normal cycle is set in motion. In computing, for example, the NPC of
mainframes was followed by the NPC of mini- and micro-computing,
and then of networks.

Based on empirical work in financial services, auditing and consul-
ting services and local government, but claiming universal application
as a theory of innovation in services, the Barras model highlights a
product cycle described as ‘reverse’ insofar as — unlike the “normal
cycle” — process innovations precede product innovations.

According to Barras, the innovation dynamic in services is driven by
three successive waves of computerization, corresponding to the tech-
nologies that enable innovation in services, and originating in the
manufacturing sector (the capital goods sector).

The mainframe was the first wave of computerization, and initiated
the first stage of the cycle. It was at the root of numerous process
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innovations affecting the back-office of service activities, aimed at
improving the efficiency of delivery of existing services (i.e. reducing
costs) especially through economies of scale. Examples include the
computerized registration of insurance policies, and the computeriza-
tion of certain internal functions, such as personnel and payroll records.

The second stage of the cycle corresponds to the second wave of
computerization, whose constituent technologies are mini and micro-
computing. According to Barras, these new enabling technologies
drove radical process innovations, which increasingly happened in the
front office. These innovations were based on economies of scope, and
helped improve the quality of the service provided. Examples include
the computerized management of waiting lists for housing in municipal
administrations, online policy quotations in insurance company offices,
computerized account-keeping in auditing and accounting firms, and
ATMs in banks.

The third stage of the cycle is driven by computer networks. Ac-
cording to Barras, these were the driving force behind such product
innovations as home banking and online public information services — as
well as electronic services delivered across all service sectors at the point
of consumption (at home or at work), rather than at the point of pro-
duction. According to Barras, once established, these new services-
products return to an NPC.

In the updated terminology that reflects current information tech-
nologies, we could say that the three types of enabling technologies
mentioned by Barras (1. mainframe computers, 2. mini- and micro-
computers, 3. computer networks) correspond, respectively, to the
following new generic categories: 1. enterprise computing and cloud
infrastructure, 2. personal and professional computing, 3. networking
and distributed computing. These are radical product innovations that
dominate the early stages of the corresponding product life cycles. Each
of these product technologies is then accompanied, in subsequent phases
of the cycle, by process innovations that will reduce costs and facilitate
their diffusion into the service sectors.

According to Barras (1986, 1990), the first phase of the RPC
(dominated by incremental process innovations) involves technical
progress that is both labor-saving and capital-deepening; the second
phase (dominated by radical process innovations) involves technical
progress that is relatively neutral in terms of employment, and whose
capital-widening and capital-deepening effects are balanced; and the
third phase (dominated by product innovations) involves technical
progress that is labor-using and capital-widening.

The RPC at work in the consumer goods and services sector is not an
isolated cycle. It interacts with the NPC operating in the capital goods
industries, which provide it with its enabling technologies. Although not
in phase, these two cycles (the normal and the reverse) evolve in parallel
and influence one another. Process innovations in the capital goods
sector are essentially aimed at reducing the production costs of their
radical product innovations — and it is these radical product innovations
that serve as the enabling technologies for the RPC. The radical and
incremental process innovations that dominate the second and third
phases of the NPC play only an indirect role in the RPC; they help
facilitate the diffusion of product innovations from the capital goods
sector to the service sector, by reducing their prices.

Barras RPC model is both a general theory or quasi-theory of inno-
vation in services, and a theory of the diffusion of technological inno-
vation from the industrial capital goods sector to the service sector
(Gallouj, 1998). Therefore, the question of the adoption of these tech-
nologies by services is central to implementation of the RPC. Barras
(1986) pays particular attention to what he calls the “transmission
process” of technology from the production sector to the consumption or
use sector (i.e., from the capital goods sector to the service sector). The
diffusion of enabling technologies into services is slow, facing two types
of delay that are commonly discussed in the literature, and highlighted
by Barras: adoption delays and delays in the manifestation of the results
of this adoption. The latter reflects the time it takes for users to fully
appropriate the technologies adopted and generate their own
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innovations from them.

There are two main reasons for the success of the Barras model. The
first, as mentioned above, is that it represents a synthesis of the extensive
empirical literature accumulated over previous decades, approaching
the question of service innovation in terms of ICT impacts (Gallouj,
1998). The second (and more important) reason is that it makes a sig-
nificant conceptual leap, integrating what is essentially descriptive work
into a more sophisticated and ambitious analytical construct.

Our aim in what follows is to test the RPC model on the case of public
libraries — in other words, to analyze the extent to which this model can
account for innovation dynamics in this type of service.

According to Barras, ICTs are the determining factor in service
innovation. In public libraries, as in all other service activities, they
seem to exert an enabling power, giving rise to process innovations
followed by product innovations (see Section 3). On the other hand, the
most recent developments in ICTs are having destructive consequences
for traditional library activities, calling into question their very survival.
These harmful developments in ICTs (particularly the internet) can only
be countered via the implementation of new innovation trajectories (not
necessarily based on ICTs), which the Barras model is unable to
consider. These trajectories will be discussed in Section 4 of this article.

3. ICTs as enabling technologies for innovation in libraries: a
validation and update of the RPC model

In line with the RPC model, the introduction of ICTs in libraries gave
rise first to the emergence of process innovations (incremental, then
radical), followed by product (service) innovations. It should be noted
that a number of studies in librarianship have also attempted to identify
stages in the introduction of ICTs into libraries, and analyze their con-
sequences in terms of innovation. While these works may lack the
theoretical ambition of the Barras model (of which they are unaware),
they still describe interesting innovation dynamics that are consistent
with it, since they show a certain precedence of process innovations over
product innovations.

Thus, Borgman (1997) identifies four stages in the spread of ICTs in
libraries, reflecting the different aims of computerization: 1. Improving
the efficiency of internal operations; 2. Improving access to local library
resources; 3. Providing access to resources outside the library; 4.
Establishing interoperability of information systems in order to build a
Global Information Infrastructure. Similarly, West and Lyman, quoted in
Lynch (2000), describe, in three stages, how ICTs have changed libraries
over the last few decades: 1. modernization, 2. innovation, 3. trans-
formation. The first stage of ‘modernization’ is synonymous with the
automation/computerization of certain library operations. The aim is to
carry out the same activities as before, but more efficiently. The second
stage, called ‘innovation’, involves experimenting with new capabilities
such as online public access to library cataloging. The final stage
(‘transformation’) involves the digitization of printed documents,
enabling direct and immediate access to the documents themselves.
Before launching into a detailed description of the evolution of the RPC,
we discuss the adoption dynamics of enabling technologies in the
context of libraries.

3.1. ICT adoption dynamics in libraries

Barras (1990) regards financial services as the “vanguard sector” of
the information revolution. Banks and insurance companies were, in
fact, the first and primary adopters of the various ITs produced by the
physical goods sector. Public libraries do not fall into the category of
“vanguard services” in the strictest sense of the term. While their
adoption of ICTs has been universal, it has also been relatively slow,
compared to other sectors (Blackburn, 2011). This delay in adoption can
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be attributed to various traditional factors identified in the literature,
such as: the high cost of IT investment (especially in the initial phase of
the capital goods industries life cycle); the fact that public library re-
sources are dependent on public funding (which tends to be shrinking);
the risk and uncertainty associated with these investments; the institu-
tional rigidities linked to the public nature of the libraries; their size;
their lack of technical expertise; resistance from some users; problems of
interoperability of systems; software redundancy; data confidentiality
issues; risks of technological lock-ins, etc. (Barras, 1990; Borgman,
1997; Blackburn, 2011; Ashiq, 2025; Martorana and Rizzo, 2024). It
should be noted that the first two factors mentioned (cost and risk) are
closely dependent on the NPC in the capital goods sector. The costs and
risks associated with technological adoption decrease as process in-
novations take precedence over product innovations in this sector.

It is also important to note that adoption dynamics and delays vary
greatly, depending on the type of library being considered (Martorana
and Rizzo, 2024). From this perspective, we propose to paraphrase
Barras (1990) by stating that, within the library sector, there are
“vanguard libraries” that are “early adopters” (Rogers, 1962) or “lead
users” (von Hippel, 1986). However, what we refer to as “vanguard li-
braries” are not “vanguard services” in Barras’s sense, insofar as they are
slow adopters of ICT compared to, for instance, financial services. These
“vanguard” libraries are simply the least delayed in adopting ICTs
relative to their peers; they are “vanguard” only in a comparative sense
(within the library sector itself). In the field of librarianship, they are
more commonly described as “core libraries.”

These “vanguard libraries” (in a metaphorical usage) include na-
tional libraries and large university libraries (which have transformed
into Learning Centers) and are relatively better endowed with financial
resources and expertise than the others. These libraries were the first to
adopt mainframe computers (Shaw, 1989) and go digital; in many ways,
the Barras model seems to apply most effectively to these “vanguard
libraries”. On the other hand, we do not expect the most sophisticated
and expensive technologies to be adopted in small rural, prison, hospital
or school libraries.

When investing in new technologies, libraries encounter both un-
certainty and risk, as identified by Knight (1921). These can take various
forms, including financial, technical, legal and institutional, cognitive,
and so on. Cognitive risk, for example, reflects the ongoing need for
adaptation to rapidly changing technical expertise, as well as the threat
of technological lock-in with equipment suppliers and IT service pro-
viders. In this context, “vanguard libraries” also seem better equipped to
manage uncertainty and risk as they adopt and implement innovative
technologies.

Once adopted, an enabling technology (a product innovation from
the capital goods sector) must be appropriated by the user (the library)
and used as a resource for its own innovations. This process of appro-
priation and innovation is intrinsically linked to learning dynamics, and
often supported by specialized service providers. However, the process
of appropriation and integration into library activity is not immediate. It
depends on a number of factors, including available financial resources,
the nature of the library’s activities, the needs of its users, and the
expertise and skills of librarians, etc. During the NPC (at least its first
phase), a science-push logic (driven by the R&D efforts of capital goods
manufacturers) seems to prevail. In contrast, in the RPC it is a demand-
pull logic (focused on user needs) that takes precedence (Barras, 1986).
Once again, given their users’ needs (primarily students and re-
searchers), the skills of their employees, and their financial resources,
“vanguard libraries” are better positioned than others to leverage
adopted technologies for introducing their own process and product
innovations. To achieve this, they focus on the specific needs of their
users, sometimes collaborating with them in a demand-pull logic.

In his analysis of the information and services revolution, Barras
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(1990) highlights the radical impact of ICTs on service organizations,
particularly in terms of control and decision-making processes, the
structure and nature of investment capital (relatively less unproductive
capital such as buildings, and more directly productive equipment
capital), and the tradability of information. These radical impacts also
seem to affect libraries. Indeed, their computerization — which, as we
shall see, affects both their general administrative functions and their
specific “business” functions (library operations) — has clearly enhanced
decision-making and control processes (Saffady, 1989; Martorana and
Rizzo, 2024; Ashiq, 2025), especially in larger libraries (national li-
braries, major university libraries) and those organized into branches.
Computerization has also facilitated the establishment of effective, well-
coordinated national and international collaborations (global digital
connectivity). Library computerization has also had a considerable
capital-saving impact on the need for space and buildings, as extensively
documented in the literature (Campbell, 2006; Holley, 2013). Lastly,
computerization has had a positive impact on libraries, if not in terms of
tradability (a term that might seem ill-suited to public services), then at
least in terms of the exchangeability and circulation of information.
Indeed, the very essence of digitization is its ability to push the
boundaries of information storage and circulation — whether in audio,
text, video, or other formats — to their extreme limits.

The different dimensions of sustainability (economic, social and
ecological) do not seem to be affected in the same way by the different
waves of technology adopted by libraries. For example, the adoption of
mainframes, along with minicomputers (which primarily affected na-
tional and large academic libraries), was primarily geared toward eco-
nomic sustainability. Although costly, these technologies were designed
to automate certain library activities, increase productivity and reduce
library operations costs. However, they also generated negative exter-
nalities, in terms of ecological and social sustainability. These technol-
ogies are, in fact, particularly energy-intensive, even though some of the
incremental process innovations they induce may prove environment-
friendly (e.g. reduced paper consumption). From a social perspective,
since they aim for economies of scale, they favor labor standardization
(and a certain de-skilling) and destroy jobs. In contrast, network
computing and industry 4.0 technologies establish social sustainability
as a key objective, in particular by expanding services aimed at digital
inclusion (e.g. free access to the internet and the various services that
stem from it). Industry 5.0 technologies, on the other hand, explicitly
claim both social and ecological sustainability. Human-centricity and
environmental sustainability are, in fact, two of the three core principles
explicitly outlined in Industry 5.0 (see Section 4.3).

3.2. Mainframe computing and incremental process innovations

As in many other service sectors (at least, those that are information-
intensive), the first wave of computerization (the introduction of the
mainframe) reached libraries (particularly in UK and the USA) in the
1960s (Line, 1997). These mainframes are technological product in-
novations that originated in the capital goods sector, where they initi-
ated the NPC. In libraries, they were primarily used in back-office
operations, automating a range of labor-intensive and time-consuming
tasks. This led to incremental process innovations that improved ser-
vice efficiency by lowering production costs, thereby initiating a RPC.
Given the high cost of these technologies, only a small number of large
libraries (particularly in the USA) adopted mainframes at the start of the
RPC. However, as the NPC progressed in the manufacturing sector, the
price of mainframes decreased, thanks to process innovations. As a
result, these technologies are now more widely used in large libraries in
developed countries.

These incremental process innovations can be divided into two
groups, according to the library back-office functions they impact (see
Table 1). The first group covers general administrative functions. The
corresponding innovations are the same as those implemented in other
service organizations and include computerization of, for example, the
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personnel and payroll registers, the accounting system, etc. The second
group covers library operations. Examples include the computerization of
acquisition systems; the computerization of cataloging systems
(replacing card catalogs with computerized catalogs®); shared cata-
loging with other libraries; the automation of circulation systems to
replace the particularly labor-intensive and time-consuming manual
circulation system; automated reference services (Saffady, 1989; Lynch,
2000; Bourne and Hahn, 2003).

It should be noted that, in this first stage, other technologies (not
mentioned in the Barras model) also played an important role in library
activity and innovation dynamics. These included photocopiers (which
enabled certain documents to be transmitted tenfold), fax machines
(used, in particular, to exchange documents between libraries) and
microforms, which contained miniaturized versions of documents that
were easier to store, preserve and circulate (Whitmore, 1983). Other
formats for transmitting information, knowledge and other forms of
leisure — such as radio, tape recorders, video recorders, television and
cinema — have sometimes also been seen as factors in the decline of
book-reading. These forgotten technologies can be the source of both
process and product innovations (photocopying services, film clubs,
audio and video tape loans, etc.). However, it seems that, in line with the
Barras model, the hypothesis of the predominance of process innovation
at this stage of the cycle is not called into question.

3.3. Decentralized computing and radical process innovations

The second wave of computerization (i.e., the introduction of mini-
and micro-computing in the 1970s and 1980s) also gave rise to process
innovations in libraries, in line with the RPC model. These process in-
novations were more radical than their predecessors in that their pur-
pose was no longer solely (or primarily) to reduce service costs, but also
— and above all, to increase service quality. They were more concerned
with the front office of the library service, i.e., the relationship with the
user.

Examples (see Table 1) include online public access catalogs (OPACs)
and online book reservation systems, available on-site. These systems
made it possible to access library catalogs and reserve books not only by
using computers made available to users inside libraries, but also
through the use of Local Area Networks and dial-up modems (Borgman,
1997). In some libraries, these were now complemented by automated
self-service check-in and check-out stations. Radical process innovations
also included vending machines installed outside libraries, for example
in hospitals (Khan, 2013).

Though implicitly included in this second wave of computerization,
Barras neither explicitly mentions a certain number of technological
artifacts nor exploits their potential for innovation, either in terms of
products or processes. These include printers, DVDs, CDs, CD-ROMs and
corresponding players (McClure and Jaeger, 2009), which did play a
significant role in the innovation dynamics of libraries. In a way, they
heralded the upheavals that were yet to be brought about by the internet
and the digitization of books and other documents, and which enabled
libraries to make information more accessible to users by making da-
tabases, software and information available on digital media.

Though the hypothesized predominance of process innovation does
not seem to be called into question at this stage, it should be noted that
product innovations were also at work here, as illustrated by access to
computers (even if only for word processing) and printers (printing
services), as well as CD, DVD and CD-ROM lending services. These,
combined with certain innovations from the previous stage (television,
cinema, tape recorder, video recorder, etc.), helped transform libraries
into multimedia libraries.

2 Cf. MARC (Machine Readable Cataloging) Pilot project conducted by the
Library of Congress in 1965 and 1968.
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Table 1
The original reverse product cycle applied to libraries, plus the updated version.
Cycle stage Main forms of Competitive effort Enabling technologies Examples Library type Version
innovation
Stage 1 Incremental Improvement of Mainframes General management functions: Automated Original Reverse
Late 1960s, process service efficiency - Computerization of personnel Library Product Cycle
early 1970s innovations (cost reduction) Technologies missing from the records Model
RPC Model: - Computerization of payrolls
- Photocopiers - Computerization of accounting
- Fax machines systems
- Barcodes
- Microforms (mid-20th Library operations:
century) - Computerization of acquisition
- Radio systems (supplier and order
- Tape recorder and audio management)
tapes - Computerization of serials
-VCR and videocassettes (periodicals) controls
- Television - Computerization of cataloging
- Cinema (replacing card catalogs)
- Shared automated cataloging
(with other libraries)
- Computerization of loan systems
- Computerization of circulation
(automated book storage,
circulation and delivery system)
- Automated reference services
- Computerized management of
members (registrations, delays in
returning books)
Stage 2 Radical process Improvement of Mini- and micro- computers - Online and on-site public access Electronic
Late innovations service quality catalogs (OPAC) Library
1970s-1980s Technologies missing from the - Online and on-site book
RPC Model: reservation systems
- Printers - Self check-in and check-out
- DVDs, CDs, machines (1990s)
CD-ROMs and - Provision (on-site) of electronic
corresponding players databases
- First experiments with book
vending machines
Stage 3 Product New services Networks - Free internet access Digital Library
Early innovations Broadband internet - Training in the use of the internet, =~ Hybrid Library
1990s-2000s and more generally digital literacy Library 2.0
Technologies missing from the training
RPC Model: - Online general information
- Mobile technologies provision (timetables, address,
(telephony, computers, access conditions, etc.)
iPads, e-readers) - Virtual tours of library collections
- Digitization - Online (web-based) public access
- Scanning systems catalogs (OPAC)
- Online (web-based) system for
reserving (and renewing
reservation) of books
- Online supply of digital books
- Online instructions (tutorials)
- Online supply of e-journal
packages
- Online supply of various databases
- Catalog 2.0
Stage 4 Product New services - Artificial Intelligence - Advanced search engine services Intelligent Extended or
2010-2020 innovations - Big Data - Reading recommendation services  Library updated Reverse
- Internet of Things (based on reading habits) Smart Library Product Cycle
- Cloud computing - Conversational Al services Library 4.0 Model
- Blockchain (Virtual assistants and chatbots) Participatory
- RFID technology and - Improved Al-assisted accessibility ~ Library

robotics
- 3D printing

(e.g. for the visually- or hearing-
impaired)

- Al-assisted content analysis and
insights services (summarizing text
services, ChatGPT services)

- Al-based transcriptions of
manuscripts

- Cultural heritage cloud

(continued on next page)
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Table 1 (continued)
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Cycle stage Main forms of Competitive effort Enabling technologies Examples Library type Version
innovation
- Intelligent seat reservation
systems
Stage 5 Product New services - Open Al and generative AI - Immersive learning experiences Library 5.0
2020 - innovations - Internet of Everything and collaborative spaces based on

- Virtual Reality (VR)/
augmented reality (AR),
digital twins and metaverse

- Drones

- Collaborative robots

(cobots)
- Wearables

VR and AR
- Virtual library tours based on VR
and AR

- Advanced data analytics

- Quantum computing

3.4. Networks and product-service innovation

The third wave of computerization began in the mid-1990s (and
continued into the 2000s). It provided the enabling technologies that
made it possible to design and implement product-service innovations, i.
e. the offering of new services to users (cf. Table 1).

3.4.1. Third wave enabling technologies

For Barras, the third wave enabling technologies of the RPC are
networks of computer terminals and the internet. We propose adding
other technologies that, while absent from the model, do play an
important role in the product innovation dynamics of libraries, such as:
mobile technologies (telephony and computers, iPads, e-readers, con-
nected watches, etc.) and the digitization and scanning technologies
associated with them.

Because mobile technologies were still in their infancy at the time
Barras carried out his work, they are not mentioned in his model.
However, insofar as they do not represent a break in the technological
trajectory focused on networks and the internet, but rather an exploi-
tation of that trajectory, we include them among the enabling technol-
ogies of this third wave. In addition to higher bandwidth, mobile
technologies and broadband internet provide faster and more ubiquitous
modes of network access. Similarly, in conjunction with the internet, the
digitization of books is an essential enabling technology for product-
service innovation in libraries.

3.4.2. Product-service innovations driven by networks, mobile technologies
and digitization

3.4.2.1. Free internet access. In this third stage of the RPC, the most
noteworthy new service is undoubtedly the free internet access offered by
libraries. For libraries, the internet is not just an enabling technology
that gives rise to product-service innovations in line with Barras’s
analysis, but is in and of itself an essential new service they offer.

Free internet access is now a standard service offered by all libraries
in developed countries. A reference work by Jaeger et al. (2007) shows
that in the USA, over a period of just over ten years (from 1994 to 2006),
the number of libraries offering internet access services rose from 20 %
to almost 100 %. Some libraries, particularly in the USA, even provide
WiFi to neighborhoods in need, using library vehicles and hotspots.

For financial and/or educational reasons, some fringes of the popu-
lation still lack access to the internet. The free access offered by libraries
aims to combat the “digital divide” and promote equality among citi-
zens. However, in the future, with the democratization of the internet,
the number of users of this free access service is likely to be reduced (at
least in developed countries) to only the most marginalized populations.

3.4.2.2. Internet-use and digital literacy training services. In multiple
fields in which users face more or less complex platforms and a plethora

of information of varying quality, free internet access is accompanied by
formal or informal training services in its many uses (Ginger, 2015), the
generic aim being “digital literacy”. Examples include digital literacy
support/training services in the following areas: use of the internet in
general, use of Massive Open Online Courses (MOOCs) (Calenge, 2015;
Nicholson, 2017); use of e-government; use of social media; access to
reliable health information aimed at diverse audiences (e.g. senior cit-
izens), access to economic information for local entrepreneurs (patent
information, business data bases, etc.) (Pellack, 2022), etc. Other ex-
amples of digital literacy training services include “technology petting
zoos”, which are collections of technical tools (e.g. e-readers, laptops,
tablets, digital audio-services) made available to users for educational
purposes, and “Coding Clubs”, which are early learning fun-based ses-
sions in programming, aimed at young children.

3.4.2.3. The many basic services available via the internet. Internet, mo-
bile technologies and digitization are the “enabling technologies” of
many other product-service innovations in libraries, in line with the RPC
model. These include the simple possibility of sending and receiving
emails, as well as the many online services now on offer not only at
home, but everywhere, thanks to mobile computing and telephony.
Nowadays, no matter where the user is located, consultation of a library
website provides practical information (opening hours, addresses, ac-
cess conditions, etc.), general information on the collections, online
tutorials on how to use library services, virtual tours of library collec-
tions, personalized 24/7 online librarian consultation services, etc. Also
on offer are web-based remote access to the catalog (OPAC), online
reservations, e-books, e-journals (Lynch, 2000), and a host of other re-
sources: licensed databases, homework resources, audio and video
content (podcasts, audiobooks, etc.), online courses (MOOCs), e-gov-
ernment services, etc.

Third wave technologies enable digitization of personal photos,
documents, etc., as a way of conserving local and personal history in
“Memory Labs”. They also enable access to community engagement
platforms (discussion groups, virtual community forums, etc.).

Internet access also opens the door to the many opportunities for
interaction offered by what is known as Web 2.0, Participative or Social
Web, which allows users to play a more active role in the creation of new
services and content. Web 2.0 is reflected in Library 2.0 or “Participatory
Library” (Maness, 2006), which encourages various forms of user
participation in the design of library activities. The Online Catalog 2.0,
for example, enables users to add their own input (comments, notes,
tags) to a document (Maness, 2006).

It should be noted that, although product-service innovations
dominate this third wave of computerization, they are accompanied by a
significant number of process innovations. These concern general in-
ternal management functions, such as: the implementation of intranet
sites, electronic messaging, electronic diaries, videoconferencing, tele-
working, the management of data related to library operations (statistics
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on users or on loans, for example), etc. However, these process in-
novations also concern such library operations as automatic metadata
extraction, automated book storage and delivery systems, and web-
based interlibrary lending.

Barras (1990) considers that large organizations dominate the first
phase of the RPC, while smaller organizations are particularly active in
the subsequent phases of radical process and product innovations. This
hypothesis is partially confirmed in the case of libraries. For example,
“vanguard libraries” (which are also the biggest) had the resources to
adopt mainframe and minicomputing, allowing them to design and
implement process innovations. By leveraging network computing and
the internet (third phase), smaller libraries were able to afford many
product innovations, such as providing free access to the internet and a
variety of associated services. It is likely that the 4th and 5th waves of
enabling technologies, which characterize the extended or updated RPC
model (see Sections 4.2 and 4.3), will see a resurgence in the predomi-
nance of the largest and most well-resourced libraries. These techno-
logical revolutions are in fact the catalysts for innovations whose
adoption demands relatively significant resources.

4. ICTs as destructive technologies for libraries, and the
exploration of new innovation trajectories

In their latest developments (internet and digitization), ICTs have
emerged as competitors to the library. They have actually contributed to
a trend away from libraries, and (in combination with other factors such
as budget restrictions) even to the outright closure of a number of them.
Between 2010 and 2019, almost 800 libraries closed in the UK (Flood,
2019). This existential threat is widely invoked in the mainstream press
— as illustrated by, among others, the following publications with their
rousing titles: “Don’t mourn the loss of libraries - the internet has made
them obsolete” (Mcternan, 2016); “Do we need libraries?” (Denning,
2015), and “The Deserted Library” (Carlson, 2001). In the UK, for
example, between 1999 and 2020, book lending by libraries fell by 70 %,
and library use by 43 % (Touitou, 2020).

The threat posed by (third wave) ICTs to the very existence of li-
braries can be explained by the informational and cognitive nature of the
books, journals or documents. These are now systematically digitized,
and can thus be obtained without even visiting the physical space of the
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library. The endangerment of libraries can be explained not only by the
availability of online access to digitized documents (books, articles), but
also by the rise of search engines and services such as Google, Google
Scholar and Wikipedia, and more recently, artificial intelligence systems
such as ChatGPT, which are replacing libraries in the search for
information.

As a result of the existence of the internet, and ICTs in general, the
social role of libraries is undergoing significant change. In addition to
the provision of free internet access and training in the many associated
services mentioned in the previous section, the fight against this threat
to the library’s survival has taken six forms, which will be detailed in the
following paragraphs (see Fig. 1). The first and the second involve
leveraging a fourth and a fifth wave of ICTs (those linked to the advent of
Industry 4.0 and Industry 5.0), to offer new ICT-based services. The third
is to explore an innovation trajectory centered on libraries’ historical
(and original) target: the book. The targets of the other three innovation
trajectories are: 1. Physical objects made available to users (the so-called
“Library of Things™); 2. The individual themselves as a live performance
(user, lecturer, author); 3. The physical space into which objects and
individuals are placed for different purposes. These six innovation tra-
jectories, which we will examine below, can be manifested in the six
abovementioned generic service categories. As a preamble, we will first
discuss these categories in more detail.

4.1. Innovation trajectories and service categories: mapping the space of
innovation in libraries

In librarianship, numerous publications have been devoted to
defining the missions of libraries and tracing their evolution over time
(see, for example, Williamson, 2000; Nicholson, 2017; Gilbert, 2010;
Calenge, 2015; IFLA, UNESCO, 2022; British Library and Carnegie,
2019, among many others). For example, Williamson (2000, p. 179)
describes the fundamental objectives or social roles attributed to li-
braries as follows: “information, education, recreation, culture, and
economic regeneration”. A report by the British Library and Carnegie
(2019) considers that libraries meet citizens’ needs in areas ranging
“from culture, business and research to health, wellbeing and personal
growth”, and that they provide services addressing the following public
policy priorities: 1. Research and education; 2. Health and social policy;
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3. Culture and arts; 4. Business and enterprise; 5. Community develop-
ment (local government). In an interesting collection of case studies of
innovative libraries, Dow Schull (2013) distinguishes the following
categories: 1. Work, careers, and service; 2. Health and wellness; 3.
Creativity; 4. Information and community connections; 5. Lifelong
learning; 6. Financial planning and business development. Nicholson
(2017) proposes the following typology, illustrated with hundreds of
examples: 1. Programs for leisure, relaxation and hobbies; 2. Health and
well-being programs; 3. Programs for minority; 4. Literacy program; 5.
Science and technology programs. The typology of library services and
missions proposed by IFLA (International Federation of Library Associ-
ations and Institutions) and UNESCO (2022) in its “Public Library
Manifesto” is authoritative. It includes the following categories: 1.
Lifelong learning; 2. Community information and opportunities for
community organizing; 3. Health information; 4. Information services to
local enterprises, associations; 5. Local and indigenous data, knowledge,
and heritage (for local community); 6. Scientific knowledge, research
and innovations. On the basis of this extensive literature, we have
adopted the following typology, which, using simplified terminology,
covers most of the categories identified in the literature: 1. Education
services; 2. Government services; 3. Social services; 4. Health and leisure
services; 5. Cultural, creative and scientific services; 6. Economic
services.

The first category (“Education services™) covers traditional (histori-
cal) library services. It focuses on support for reading and learning at
different life stages: pre-school, school (STEM - science, technology,
engineering, and mathematics — services) and lifelong learning for
adults.

The “Government services” category covers both general and prac-
tical government information services relating to community life (local
events, road safety, etc.), and classic government services: administra-
tive services of all kinds, especially tax services.

The “Social services” category covers services aimed at citizens in
social difficulty, whose social inclusion is encouraged via the provision
of adapted services. These services are aimed, for example, at ethnic
minorities (immigrants, refugees), the homeless, the long-term unem-
ployed, students with socio-economic difficulties, people suffering from
addiction or mental illness, etc.

The “Health and leisure services” category covers information,
advice and training services focused on citizens’ well-being and personal
growth. Examples include yoga, dietetics and exercise classes, as well as
the loan of board games, sports equipment, etc.

The “Cultural, creative and scientific services” category brings
together the provision of activities, books, equipment (e.g. musical in-
struments, 3D printers, etc.) and spaces (makerspaces, living labs,
author services, coding workshops, etc.), with a view to facilitating
creative activities for users. This includes university and national library
services in their “research” dimension.

Lastly, the “Economic services” category brings together services
that support citizens in their professional activities (scientific research,
job search, business creation or management, etc.). Libraries may also
support the local business community by providing information on
market trends and patent filings, or offering business coaching classes,
etc. (Pungitore, 1995).

Of the various innovations that emerge in the library innovation
space (Fig. 1), one category is worthy of special attention: social inno-
vation. Given the inherently social mission of libraries (promoting lit-
eracy, inclusion and democracy), it could be argued that all library
innovations are, in a way, social. However, this broad definition is not
the one we will use, as it is too expansive and ultimately unhelpful. The
social innovation we are interested in is a more specific sub-category,
namely that focusing on “wicked problems” (Churchman, 1967),
which are complex, multi-faceted issues that require the collaboration of
multiple stakeholders. Social innovation can be found throughout the
library innovation landscape but is especially prevalent in “Government
services”, “Social services” and “Health and leisure services”. Social
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innovation is an open innovation in two distinct ways. First, it involves
upstream openness, which means multiple collaborations between ser-
vice providers (librarians and other stakeholders) (Gegenhuber and
Mair, 2024). Second, it fosters downstream openness, which encom-
passes collaborations (or discussion groups) between users
(Desmarchelier et al., 2024). The open social innovation framework, as
described by Gegenhuber and Mair (2024), emphasizes a cross-sectoral
and multi-stakeholder approach, rather than one that is organization-
centric. This aligns closely with the definition of social innovation pro-
posed by Desmarchelier et al. (2024), which views the process as one
involving both an “input-network” and an “output-network”.

4.2. A fourth wave of enabling technologies and new ICT-based services

As we pointed out earlier, the Barras model, which dates from the
late 1980s, considers three waves of computerization: 1. mainframes, 2.
mini- and micro-computers, 3. networks and the internet. However,
since the 2010s, a powerful technological dynamic has been at work —
one that Barras could not have foreseen. This dynamic is associated with
what is known as Industry 4.0 (the fourth industrial revolution), which
is based on Artificial Intelligence (AI), Big Data, the Internet of Things
(IoT), and Cloud Computing.

This fourth industrial revolution is, of course, also affecting libraries
in general, and academic libraries in particular (Cox and Mazumdar,
2024). More generally, the advent of Industry 4.0 and Web 4.0 is re-
flected, in libraries, in the emergence of a Library 4.0. While this dy-
namic could be interpreted as a deepening of the third wave of
computerization, given its scope it could also be considered more of a
fourth wave. Either way, by providing the enabling technologies for new
product-service innovations, it is enriching and extending the ICT-based
innovation trajectory beyond the scope of the original RPC model. To
account for this new technological reality, we are introducing the idea of
an extended RPC model that would complement the original RPC model
(see Table 1).

Al makes it possible to process gigantic quantities of data, extract
trends and make predictions. It opens up new horizons both for access to
knowledge, and for its dissemination in libraries. AI enables the imple-
mentation of numerous new services (product innovations); examples
include (see Table 1) advanced search engine services, intelligent seat
reservation systems, reading recommendation services (based on
reading habits and preferences), conversational Al services able to offer
personalized advice to customers (virtual assistants and chatbots),
improved Al-assisted accessibility (e.g. for the visually or hearing-
impaired), Al-assisted content analysis and insights services (summari-
zing text services, ChatGPT services), Al-based transcriptions of manu-
scripts, the Cultural Heritage Cloud and more (Cox and Mazumdar,
2024).

The various product innovations brought about by the fourth wave of
ICTs can be assigned to the six different service categories offered by
libraries. Some of these new services are generic and can be applied
across all service categories. This is the case, for example, with
personalized AI recommendation systems, Al-based language trans-
lation services and conversational Al services (virtual assistants and
chatbots), which can be implemented in any service category. Other new
services in the Al-based trajectory fall into specific service categories.
Examples include AI literacy services (programs), educational and
training tools using Al These services more specifically illustrate the
“Education services” category, whereas Al-driven image recognition
services for the visually impaired, Al-based text to speech and speech to
text services for the visually impaired (or those with reading or writing
difficulties) fall into the “Social services” and “Health and well-being”
categories.

It should also be noted here that, in addition to product-service in-
novations, the new waves of Al are driving major process innovations in
the back-office, whether in library operations or in administrative
management. For example, the introduction of AI has enabled
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significant productivity gains and quality improvements in a number of
processes, including: automated resource acquisition services (predic-
tive analytics for resource allocation and optimizing collection devel-
opment); book cataloging via the augmented cataloging process (expert
systems for reference assistance); automated circulation follow up ser-
vices for books (and other resources) and automated (or smart) book
shelving based on AI and RFID (and sometimes robots). Other process
innovations include automated (Al-assisted) metadata generation; Al-
assisted restoration of damaged or fragile old books and documents
(in order to preserve cultural heritage), using Als such as Optical
Character Recognition (OCR). Al has also had a positive impact on the
automation of certain general administrative processes, such as mem-
bership management or online information about the availability of
seating in the library.

Thus, the idea of a RPC (shifting from the domination of process
innovations to the domination of product innovations), while not called
into question, is in need of being qualified to some extent. We might
even hypothesize that the Al wave began by aiming to automate routine
back-office operations (process innovation), before offering new ser-
vices (product innovation). Al can also be seen as blurring the boundary
between product and process innovation. However, this blurring is
nothing new. In services, “the product is a process”, and the distinction
between the two is questioned, regardless of the enabling technology
envisaged (Gallouj, 1998). Barras (1990, p. 226) himself acknowledges
this difficulty. He addresses this by suggesting that “the more radical the
services innovations become, the more reasonable it is to identify the
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resultant improvements in services delivery as ‘new services’”.

4.3. A fifth wave of enabling technologies: Industry 5.0 and the
sustainability issue

The manifestations of Industry 4.0 have become part and parcel of
everyday life. However, it appears that a new paradigm is already at
work: Industry 5.0 (European Commission, 2021). It rests on three key
principles (European Commission, 2021; Noble et al., 2022):

1. Human-machine collaboration. This principle focuses on people,
emphasizing their safety, their well-being at work, and the person-
alization of services. It moves away from the idea of machines
replacing humans or offering mass-produced services. Instead, it
advocates for a balanced collaboration between humans (both li-
brarians and users) and machines. This “human-centric approach to
technology” illustrates a concern for balance in the innovation dy-
namics between technology-push and demand-pull logics.

2. A renewed focus on sustainability in general and environmental
sustainability in particular. Industry 5.0 places a central emphasis on
corporate social responsibility (CSR), decarbonization and the cir-
cular economy.

3. Adaptability, and resilience to the unexpected.

In libraries, the technologies of Industry 5.0 are based on those of
Industry 4.0 that have been widely adopted within less than a decade (cf.
Section 4.2). These technologies are then enhanced, to align with the
three principles set out above. Examples of Industry 5.0 technologies
include (Carrion, 2023; Noble et al., 2022): quantum computing, cloud
computing, edge computing, collaborative robots (cobots), digital twins
and augmented reality, the metaverse, machine learning systems, the
internet of everything and cognitive artificial intelligence. This strong
overlap between Industry 4. 0 technologies and those of the emerging
Industry 5.0 raises the question of whether Industry 5.0 represents a new
paradigm that truly breaks with its predecessor, or whether it is merely
an evolution and enrichment of it.

Libraries have embraced the new opportunities offered by the
emerging technologies of Industry 5.0, using these smart technologies
(which are still at the start of their cycle) to offer new services to users.
Examples include Virtual Reality (VR) and Augmented Reality (AR)-
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based immersive learning experiences and collaborative spaces, VR and
AR-based virtual library tours, advanced accessibility technologies for
disabled people, etc. (Ashiq, 2025; Adigun et al., 2024).

This phase of the cycle may seem dominated by user-focused product
innovations, yet like its predecessors, the Industry 5.0 paradigm also
drives innovations aimed at enhancing library efficiency, sustainability,
job security and quality, as well as the confidentiality of user data. As a
result, it fosters a range of process innovations, including the use of IoT
and Al to monitor temperature, air quality, lighting and security in li-
braries; the use of data analytics and big data to optimize library oper-
ations and resource management; the use of cobots for shelving and
retrieving and the strengthening of libraries global digital connectivity
(that is, ensuring unlimited geographical access to information and
knowledge for users).

Interest in environmental issues in libraries predates the onset of the
5th industrial revolution (currently underway). Even during the In-
dustry 3.0 and Industry 4.0 eras, libraries were already addressing these
concerns in two different ways: first, by expanding numerous outreach
programs for users, and second, by implementing various environment-
friendly measures within their own organizations. These included the
construction of new “green” libraries, the “greening” of existing facil-
ities, and the adoption of energy-saving and recycling initiatives. One
illustration of ecological concerns during this time is the “green library
movement” — which was created in the United States in the early 1990s,
but only really took off in 2003 (Antonelli, 2008). Another example is
the Sustainable Libraries Initiative (SLI), which promotes the exchange
of ecological best practice among libraries worldwide.

Ecological considerations are now central to innovation in libraries,
though it is important to recognize that the modern library, as it has
evolved since the eighteenth century, was an inherent part of a “sharing
economy” long before the term became popular. The modern library
emphasizes the collective use of books over private ownership, and in a
sense, (even though it was never on the agenda of the founders of
modern libraries), ecological sustainability can be seen as the positive
externality of the quest for social sustainability (mass education, de-
mocracy). In contemporary libraries, this sharing economy has
expanded well beyond books and now includes a wide range of more or
less unconventional items that are available for loan (the “library of
things”, followed by the “library of everything”), alongside a range of
collaborative activities that contribute to a circular economy (Repair
Cafés, maker spaces, etc.). Thus, the ecological challenge encompasses
not only the innovation dynamics within ICT-based trajectories that are
discussed here, but also extends to a broad range of other innovation
trajectories that are book-based, object-based, individual-based or
space-based (cf. following sections).

4.4. From the original to the extended (or updated) RPC: an interactive
innovation model

In Section 3 of this article, we discussed the validity of the “original”
RPC model (based on the technologies of the Third Industrial Revolution)
when applied to libraries. In the first two parts of Section 4, we
attempted to generalize this model and its application to libraries,
extending it to include technologies (those of the Fourth Industrial
Revolution) that were either in their infancy, or non-existent (those of
the Fifth Industrial Revolution) when Barras was conducting his anal-
ysis. This generalization has led to what we have called the “extended”
or “updated” RPC model (see Table 1 and Fig. 1).

All in all, the extension of the Barras model, in this article, is ach-
ieved in three distinct ways:

1. By incorporating technologies, some of which are now considered
outdated, but not explicitly mentioned by Barras. These include:
photocopiers, fax machines, barcodes, microforms, radios, tape re-
corders and audio tapes, VCRs and videocassettes, televisions, cin-
emas, printers, DVDs, CDs, CD-ROMs and their corresponding
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players. A few of these technologies are specific to libraries (and
therefore understandably absent from a model aimed at providing a
general theory of innovation in services); many others are universal
technologies used across various service activities and functions (e.g.
photocopiers, printers, etc.).

2. By introducing Industry 4.0 technologies (which began emerging in
the 2010s — although their roots reach further back). It is important
to recognize here that Barras (1990) made a particularly insightful
and forward-looking reference to certain aspects of Industry 4.0 (still
in its early stages at the time he was writing) and their potential
implications. For example, he mentioned the precursor to AI — expert
systems.

3. By adding the emerging new paradigm of Industry 5.0 and
sustainability.

Focusing on a specific moment or issue can lead to overemphasis on
either a technology-push or a demand-pull logic, but in reality (and in
line with Barras® 1990 analysis), it is true that in libraries (as in other
sectors such as financial services), the RPC represents an interactive
innovation model. At its various stages, this model involves three dy-
namics interacting with one another as the cycle evolves: technological
dynamics, representing technological opportunities offered by the cap-
ital goods sector (technology-push logic), market dynamics (demand-
pull logic), and organizational and institutional dynamics characterizing
libraries as adopting industries.

Fig. 1 illustrates these interactive dynamics. To do so, it uses the
concept of innovation trajectory in the sense of evolutionary theory, i.e.
a technological potential which, starting from a technological paradigm,
evolves in a direction conditioned by a market or non-market “selection
environment” (Nelson and Winter, 1982). This theoretical framework
considers the various technological, market and institutional conditions
that guide innovation dynamics in libraries. In Fig. 1, the row variable
(technological trajectories) aligns with what Barras refers to as the
“technological possibilities” (provided by the technology supplier in-
dustry), while the column variable (service categories) corresponds to
what Barras calls the “product demand (market)”.

Barras model considers ICTs solely as enabling technologies, while a
general theory of innovation in services should encompass a broader
range of technologies (Gallouj, 1998). The proposed mapping of inno-
vation trajectories in libraries (Fig. 1) highlights four innovation tra-
jectories that are either not influenced by ICTs, or only partially shaped
by them. These trajectories are book-based, object-based, individual-
based and space-based; they may be determined by social or institu-
tional factors, or by technologies other than ICTs (e.g. architectural,
construction and design technologies for the space-based trajectory, a
variety of technologies for the object-based trajectory).

4.5. A book (and written document)-based trajectory

Faced with the existential challenge posed by certain ICT de-
velopments, libraries have sought to explore new innovation trajectories
(independent of ICTs) within the framework of their main object: the
book (and the written document more generally).

The new services discussed here fall outside of the Barras RPC model,
insofar as they are not based on an enabling technology. These services
seek instead to mitigate the negative effects of certain enabling tech-
nologies (the internet and digitization in particular) by approaching the
library’s historical object (the book) in a different (and highly original)
way. Innovations within the book-based trajectory are primarily driven
by social needs and institutional developments (such as literacy, edu-
cation, environmental conservation, leisure, health, etc.). As a result,
these innovations play a significant role in promoting social
sustainability.

And even though some overlap is inevitable — given that some new
services fall into more than one generic category — it is possible to
illustrate the fact that many new services do fall within the scope of this
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(book or collection-based) innovation trajectory, using some of the six
generic service categories identified in the literature as a frame of
reference.

Thus, in this book-based innovation trajectory (see Fig. 1), examples
of new services in the “Education services” category include the
implementation of multiple programs and collections aimed at specific
audiences (early literacy programs using adapted books, STEM pro-
grams/collections, teen programs/collections, summer reading pro-
grams/collections, etc.) and the development of collections in foreign
languages. This book-or-document-based innovation trajectory is also
illustrated by new services such as book-reading and discussion clubs,
sending human readers to users’ homes and user-driven acquisitions.

Examples of new “Government services” include services (programs,
collections) aimed at ethnocultural minority groups, or the provision of
community services on the shelf (road safety, various events, etc.), the
provision of relevant (local) government information on the shelf, the
provision of local newspapers and magazines or the provision of local
history or genealogy programs/collections.

The provision of new “Social services (for vulnerable people)”, based
on the book medium (i.e., as part of the book-based innovation trajec-
tory), can be illustrated by homework help and school failure prevention
programs (particularly in socially disadvantaged areas), programs/col-
lections to combat adult illiteracy, collections and services for LGBT
people, etc.

4.6. An object-based innovation trajectory

The struggle for the survival of libraries (whose continued existence
had been called into question by the third wave of computerization) has
also resulted in new trajectories of innovation, from which (paper)
books are totally excluded.

One such new trajectory ignored by the original RPC model en-
compasses the provision of new types of collections, which are grouped
together under the term “Library of Things”. Regardless of the category
of service concerned, the objects in question can be offered for use inside
the library, or on loan. Training in the use of these objects may also be
made available.

The list of objects made available to users by libraries is long, with
varying degrees of unusualness, and subject to constant additions as
dictated by librarians’ imagination and their perception of the needs of
their community. For example, the tool lending library at the University
of California, Berkeley, offers over 3000 objects for loan (Cole and
Stenstrom, 2021). The objects offered by libraries, and the uses made of
them, fall into one or more of the six categories of services provided by
public libraries (cf. Fig. 1). Generally speaking, they can be said to
contribute to the education/training of citizens, to their well-being, and
to their inclusion in discussion groups. Examples of objects provided for
in-situ use or on loan (for each “service category”, respectively) include:
1. Various types of reading equipment: e-readers, laptops, tablets, digital
audio-services; 2. Audio or video cassettes, CDs or DVDs providing
community information; 3. Talking books for visually impaired users or
cellphones for homeless people; 4. Various materials for health preser-
vation (bicycles) and leisure (toys, board games, musical instruments,
seeds); 5. Creativity devices: Arduino kits, robotic kits, Makey Makey
kits and 3D printers; 6. Objects relating to professional integration and
employment: photo studio for professional photography, camera for
recording and job interview training.

This object-based innovation trajectory gives rise to several
comments:

1. The provision of objects by libraries is a long-standing phenomenon.
As early as the 18th century, libraries offered users collections of
prints, medals, works of art, various plans, etc. (Beudon, 2017).

2. The significant development of this innovation trajectory, particu-
larly in the United States, can be explained by the fact that it falls
within the scope of a broader paradigm that is gaining great success
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in contemporary economies, namely the “sharing economy”
(Botsman and Rogers, 2010). Innovations in the object-based tra-
jectory thus explicitly contribute to the sharing economy, to collab-
orative consumption and to the circular economy. Additionally,
some of these innovations aim to bridge the digital divide (via, for
example, the loan of computer hardware) and reduce exclusion from
accessing various objects. These initiatives make a significant
contribution to both ecological and social sustainability.

3. Electronic devices (e.g. CDs, DVDs, e-readers, 3D printers, laptops,
iPads) are also included in the objects considered. Thus, they fall
within the scope of both the ICT-based and object-based trajectories.

4.7. An individual-based innovation trajectory

The user-based innovation trajectory encompasses four different
scenarios: 1. Situations in which the individual is, in a way, the book (the
content); 2. Situations in which he or she shares personal content with
other users; 3. Situations in which he or she participates in content
creation, and 4. Situations in which he or she contributes to its
correction.

The (Scenario 1) concepts of the “Human Library”, “Human Book”,
“Living Library” and even “Storytelling Cafés” describe arrangements in
which users take the place of books, or behave like living books (by
coming to talk about themselves) when they have a distinctive experi-
ence to share (Calenge, 2015), or discuss a book that has made a
particular impression on them. Book discussions can take the form of
speed-reading (inspired by speed-dating). It should be noted that this
“Human Library” concept can be applied to any generic service offered
by a library. Thus, whether it is a question of sharing a social vulnera-
bility, health, creativity or professional experience, all are expressions of
the “Human Library”. It should also be noted that the “products” of
Human Libraries” can be recorded (podcasts) and thus become part of
the digital library. In Scenario 2, users share their own personal col-
lections (e.g. rare documents, family papers, photos, etc.) with others,
either by temporarily displaying the originals in libraries, or by digi-
tizing them. In Scenario 3, users create content in various forms (paper
works, digital works, artistic works, etc.) and become authors (writing
workshops, collective creation of a theater piece, etc.). These diverse
productions are integrated into library collections. Lastly, one example
of Scenario 4 is when users contribute to the collaborative proofreading
of OCRized texts (Calenge, 2015).

The individual-based innovation trajectory (centered on individuals
other than users, such as librarians, authors, volunteers or other people)
can be illustrated by the following examples: the sending of readers
(often volunteers) or librarians to users’ homes, meetings with authors,
inviting speakers (such as entrepreneurs and business managers, public
managers, health workers, association leaders, etc.), the “Borrow a
Librarian” service (Calenge, 2015), in which a librarian is made avail-
able to a user for a given period of time.

4.8. A space-based innovation trajectory

The physical organization of spaces constitutes a powerful innova-
tion trajectory in public libraries, which is partly determined by ad-
vances in architectural, construction and design sciences and
technologies. It can be approached from one of two different modalities:
an internal space-based innovation trajectory or an external space-based
innovation trajectory.

4.8.1. An internal space-based trajectory

The internal space-based innovation trajectory describes the imple-
mentation of different types of new, well-identified, specialized sub-
spaces within the library itself. These new subspaces are designed to
accommodate one or other of the six generic service functions offered by
libraries (see Fig. 1). These spaces may be dedicated to the “Education”
function. This is the case, for example, with the creation in many
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libraries of areas dedicated to a multitude of specialized collections
(children’s sections, environmental issues, science fiction, bicycles and
cycling, etc.), the provision of “spaces” where users can temporarily
deposit and share works, the establishment of a bookshop in the library
or even the “Artificial Intelligence Lab” (Al learning space for students,
researchers and other visitors) (Kim, 2019).

These subspaces can also be well-identified spaces organized to host
a new modality of any other generic service.

Regarding “Community and Government services”, examples of new
spaces include “Memory Labs” (which provide space and tools for the
digitization of various types of documents, such as photos, to enable
users to preserve local and personal history), the setting up in libraries of
branches of other public services (which can take on multiple missions:
passport or identity card applications or renewals, tax returns, natural-
ization procedures, driver’s licenses, referrals to social services, etc.)
(Dauphin, 2011).

In terms of spaces dedicated to “Social services for vulnerable people”,
examples include: the library (or certain spaces within it) as a safe haven
for the homeless (Garner, 2023); the provision of gender-neutral inclu-
sive bathrooms (Pun et al., 2017) and the setting up of social services
antennae inside libraries (Dauphin, 2011), with social workers available
to refer vulnerable people to the relevant social services (Hines, 2017).

Many examples can be found of specific spaces dedicated to “Health,
well-being, relaxation, and leisure”. These spaces embody the idea of the
library as a “third place” in the original sense of the term (Oldenburg,
1989), that is: a furnished space for socializing, conviviality and relax-
ation. These include, for example, catering spaces, bike desks
(Hoppenfeld et al., 2019), meditation or prayer rooms (Ramsey and
Aagard, 2018), breastfeeding rooms and family-friendly spaces (Godfrey
et al., 2017), etc.

Spaces that support user innovation and creativity illustrate the idea of
the library as a “third place” in the modern sense. From this point of
view, libraries can host the following types of spaces: makerspaces and
fablabs, digital labs, living labs (Nichols et al., 2017), innovation hubs
(Leebaw and Tomlinson, 2020), digital media labs, technology petting
zoos, etc. Other spaces involving human creativity are dedicated to
cultural services. They include exhibition, conference and recording
spaces, theater stages, auditoriums, museums in the library. It should be
noted that, given their architectural quality, their originality or their
historical value, some libraries serve as tourist destinations (Leorke and
Wyatt, 2019).

Finally, with regard to employment and business support spaces, exam-
ples include: coworking spaces, “career centers” (which support job-
seekers), “business centers”, which provide economic information to
local companies (macroeconomic data, patent information), incubation
spaces, etc.

4.8.2. An external space-based trajectory

The external space-based innovation trajectory encompasses two
types of spatial dynamics: on the one hand, the relocation of (some or
all) library services to other spaces, and, on the other, the co-location of
libraries with other (generally cultural) organizations. The first set of
strategies (delocalization) are essentially motivated by the desire to
bring the library as close as possible to users by placing it in high-traffic
locations, while the second set are also aimed at economies of scale and
cost reductions (Nicholson, 2017).

Examples of the relocation of library spaces, irrespective of generic
service category, include bookmobiles, mobile makerspaces (such as San
Jose Public Library Maker[Space]Ship), libraries at the beach, libraries
in shopping malls, libraries in railway stations or airports, leisure parks,
markets and public squares, public gardens, and, in contrast to museums
in libraries (as mentioned above), libraries in museums, such as the
specialist Humor Library in the Museum of Humor and Satire in Gabrovo
(Bulgaria), etc.

Co-location (joint location) of libraries is most often with cultural
organizations. There are many examples of libraries sharing space with
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museums or art galleries. Bruijnzeels (2015) offers the example of an
integrated arrangement (The Chocolade Fabriek Gouda) in the town of
Gouda (Netherlands). A building that formerly housed a chocolate fac-
tory is now home to four organizations: The Gouda Library, the Mid-
Holland Regional Archive, the Gouda Fine Printing Society and a
restaurant.

Our analysis of the space-based innovation trajectory has resulted in
a number of observations:

1. We have envisaged innovation subspaces inside and outside libraries.
However, the design of a new library model as a whole (e.g., the
implementation of “Learning Centers”) is also part of this space-
based trajectory, albeit at a different analytical level.

2. In conjunction with the previous point, either the library as a whole,
or just some of its dedicated subspaces, can be considered a “third
place”.

3. The dynamics of spatial innovation are often accompanied by
(innovation) dynamics that are linked to the design of spaces,
furniture, atmospheric technologies (lighting, heating) and so on.

4. The new spaces in question may be permanent (e.g., a maker space)
or transitory (e.g., ephemeral pop-up libraries in particular locations
or events (Nicholson, 2017)).

5. The use of certain spaces and the implementation of corresponding
services can be totally incidental. This is the case of the example, in
which the parking lot of a public library is being used to access Wi-Fi
and watch YouTube videos on people’s own laptops (Ginger, 2015).

6. Whatever their purpose, those new spaces that fall within the scope
of this space-based trajectory have one thing in common: they
constitute spaces for discussion and socialization. In other words,
they host discussion groups — or to use the terminology of Des-
marchelier et al. (2024), “output networks”. Thus, the space-based
innovation trajectory positively influences social sustainability.

7. Many space-based innovations have a clear ecological dimension. As
a result, this trajectory also has a positive influence on ecological
sustainability.

8. ICTs, and Al in particular, have led to the emergence of virtual spaces
(for example, virtual tours of the library are now possible). These
innovation dynamics, which have already been addressed in the ICT-
based trajectory discussed above, are not included here. The space-
based innovation trajectory is, therefore, limited to physical space.

9. Even if they do constitute a new service in themselves, these new
spaces, falling within the scope of the space-based innovation tra-
jectory, are designed (both architecturally and in terms of furniture)
to accommodate implementation of the various categories of services
offered by libraries, drawing on other targets (ICTs, books, objects,
individuals) that come under other innovation trajectories at work in
libraries. Thus, an innovation from the space-based trajectory is al-
ways associated (hybridized) with innovations from other
trajectories.

To conclude this exploration of the new innovation trajectories,
beyond those highlighted by Barras, we put forward the following two
observations:

1. Only the new ICT-based trajectories (those associated with Industry
4.0 and Industry 5.0 technologies) can be viewed as extensions or
evolutions of Barras’s framework (see Fig. 1). In contrast, the other
innovation trajectories — those based on books, objects, humans, and
spaces — do not seem to fall within the scope of the RPC where
process innovations precede product innovations. These four inno-
vation trajectories are dominated by product-service innovations,
although in the case of human and space-based trajectories, product-
service innovations are inextricably intertwined with process and
organizational innovations (as individuals or spaces themselves
deliver services). These product-service innovations fall within the
scope of a normal product cycle. The absence of enabling
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technologies, in Barras’s sense — specifically ICTs — likely accounts
for the divergent dynamics observed between these trajectories and
the others.

2. The traditional, book-based historical trajectory is not necessarily
the most powerful today nor the most resilient or diversified. The
resilience of libraries, and the continuation and renewal of this his-
torical path, now depend on other trajectories that offer alternative
platforms or means for preserving and transmitting knowledge —
such as ICTs, objects, individuals, and physical spaces.

5. Conclusion

Our aim in this article was to draw on the Barras RPC model (which
was one of the first efforts to construct a theory of innovation in services)
in an attempt to account for the dynamics of innovation in library
services.

As we have stated above, the Barras RPC model highlights a cycle in
which product innovations follow on from process innovations, first
incremental then radical, under the enabling effect of waves of different
ICTs (mainframes, then mini- and micro-computers, and finally net-
works). A priori, the model seems applicable to library activities. We
have shown that the various stages of the RPC can easily be illustrated,
using examples of process and then product innovations implemented in
public libraries around the world.

However, the Barras model does not fully capture the complex dy-
namics of innovation within libraries. Grounded in the information
paradigm, it offers a particularly insightful perspective for understand-
ing ICT-driven innovation trajectories. In this model, ICTs play a dual
role in the innovation process: they function both upstream, as enabling
technologies that initiate innovation, and downstream, as essential el-
ements of subsequent developments. Indeed, both early-stage process
innovations and later-stage product innovations within the RPC are
characterized by their ICT content. It should be noted first of all that the
relationship between ICTs and libraries differs from the relationship
between these same technologies and other service activities. Indeed,
ICTs certainly can be enabling technologies and sources of product-
service innovations in line with the Barras model — and sometimes
even beyond what he could have foreseen, especially if we consider
certain forgotten technologies (television, radio, CDs, DVDs, etc.) as well
as (and above all) the most recent developments in ICTs, namely digi-
tization and artificial intelligence. However, these ICTs undoubtedly
also represent a real existential risk for libraries. Indeed, the internet and
networks, coupled with the digitization of paper documents (books,
journals, etc.), are helping reduce both numbers of library visits and use
of physical documents.

Faced with this existential challenge, in a Schumpeterian logic, the
survival of libraries depends on exploring other innovation trajectories.
On the basis of a survey of the literature and our own empirical in-
vestigations carried out as part of the European LibrarIN project, we
have highlighted these. Libraries have continued to explore ICT-based
innovation trajectories, themselves becoming providers of internet ac-
cess and internet-related services, transforming existential risk into
service opportunity. Within the ICT-based innovation trajectory, further
opportunities are offered by new (fourth and fifth) waves of enabling
ICTs — namely those based on Industry 4.0 and 5.0 (Generative Artificial
Intelligence, Internet of everything, Big Data, Cobots, Quantum
Computing, etc.). Other innovation trajectories are also at work, how-
ever, beyond the informational paradigm, and these can explain the
survival and reinvention of libraries. We have drawn up a general map of
these innovation trajectories, and provided some illustrations. They are
based on books, objects, individuals and physical spaces. In contrast to
the ICT-based innovation trajectories at the heart of the Barras model
(which are essentially trajectories of library dematerialization) it is now
possible for us to say that these other trajectories are of re-
materialization (Beudon, 2017) and re-humanization (in the sense that
they re-focus on individuals).
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Even in an updated reading that takes account of the most recent
manifestations of ICTs (what we have called the extended RPC model),
the innovation mapping of libraries thus goes beyond what is captured
by the Barras RPC model. These innovation dynamics encompass
various library models (automated, electronic, digital, smart), the most
comprehensive and all-encompassing of which can be described as a
multi-service or multi-channel library (cf. Fig. 1).

It is possible for the various innovation trajectories highlighted to
overlap, leading to hybrid trajectories. The ICT-based trajectory in
particular is often concomitant, or hybridized, with other trajectories,
owing to the ‘pervasive’ nature of ICTs.

One limitation of our work lies in the fact that we have considered
the library as a standard, undifferentiated object, without explicitly
considering either the different types of existing libraries (municipal,
academic, national, etc.) or their geographical location. In the future, it
would be useful to map out the various trajectories of innovation (their
existence, if any, and their power, if any) according to these various
categories of libraries — including by country. This raises the question of
whether certain libraries tend to prioritize one trajectory over another,
and, if so, for what reasons and based on which trade-offs. It is likely, for
example, that the effect of the Fourth and Fifth Industrial Revolutions
(AL cobots, etc.) has thus far been felt most strongly in national libraries
(even though it is likely to spread to every category), while social in-
novations are seen mainly in municipal libraries. The notion of
“vanguard libraries” that we suggested is linked to these questions.
However, it lacks the conceptual rigor of Barras’s “vanguard services”.
Developing a more robust conceptual framework for “vanguard li-
braries” (beyond its current metaphorical use) would be a valuable
avenue for future research. It is also essential to consider differences
between countries. Indeed, the dynamics of innovation in public li-
braries are strongly influenced by public policy, whether this pertains to
general technological policies (in support of the ongoing technological
revolution) or policies specifically targeting public libraries (such as
those setting their budgets).

This article is based on a specific field of application (libraries) and
may be criticized for its narrow focus. However, it is using the example
of library services to revisit (validate and update) a general analytical
model of innovation in services (the Barras reverse product cycle
model). The results presented thus enrich our understanding of inno-
vation not just in libraries, but across services in general, both market
and non-market.
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