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Abstract

Artificial Intelligence (Al) is reshaping teaching, learning, and research practices across higher education, and academic libraries
are no exception. Increasingly positioned as intelligent, collaborative environments rather than static repositories, libraries are
being called upon to integrate Al-driven tools while safeguarding the professional judgement, ethical guidance, and pedagogical
mentoring that only librarians provide. Teacher education institutions present a particularly urgent context for this shift, since the
pre-service teachers they train will themselves determine how Al is used in future classrooms. However, existing scholarship on
Al in academic libraries remains concentrated on adoption rates, technology acceptance, and Al literacy, with comparatively
little conceptual attention paid to how librarians and Al systems might function as structured, complementary partners within
teacher education specifically. This conceptual paper addresses that gap by proposing the Human-AlI Collaborative Library
Model (HACLM)), a five-dimensional framework comprising Human Expertise, Al Capabilities, Collaborative Library Services,
Institutional Support, and Enhanced Educational Outcomes. Drawing on six complementary theoretical and conceptual
perspectives—including human-Al complementarity, socio-technical systems theory, collaborative learning theory, knowledge
management theory, the TPACK framework, and the ACRL Framework for Information Literacy for Higher Education—the
model positions librarians as Al facilitators, research partners, and learning designers who mediate between intelligent
technologies and the ethical, critical, and pedagogical demands of teacher preparation. The paper discusses practical implications
for libraries, institutions, librarians, and faculty, and proposes directions for future empirical validation, offering both a theoretical
contribution to library and information science and a practical foundation for teacher education libraries navigating the Al era.
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1. Introduction

Artificial Intelligence has emerged as one of the most con-
sequential technological developments shaping higher educa-
tion in the current decade. From intelligent search and recom-
mendation systems to generative Al tools capable of produc-
ing text, lesson plans, and research summaries, Al is reconfig-
uring how knowledge is created, accessed, and shared across

universities worldwide [38]. Bibliometric mapping of the field
confirms that scholarly output on Al in academic libraries has
grown sharply since 2020, with thematic clusters concentrated
around information retrieval, knowledge organisation, and
user-centred services [16]. Within this transformation, aca-
demic libraries, long regarded as custodians of information
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and research support, are being drawn into a new phase of ser-
vice redesign in which automation, natural language pro-
cessing, and machine learning increasingly mediate how users
discover and engage with knowledge [5].

A growing body of scholarship documents this shift in gran-
ular detail. Systematic and bibliometric reviews indicate that
Al adoption in academic libraries spans cataloguing, reference
services, collection development, and research data support,
with current practice typically clustered around six opera-
tional dimensions: technical services, reference and infor-
mation services, administrative functions, collection develop-
ment, information literacy, and professional development [5].
Surveys of library professionals across diverse regions—Arab
academic libraries [12], Ghanaian institutions [10], and nu-
merous others—consistently report that librarians hold cau-
tiously positive attitudes towards Al, while simultaneously
flagging concerns about ethics, training gaps, and role ambi-
guity. Foundational technology-adoption research, including
diffusion-of-innovations analysis [25] and application of the
Unified Theory of Acceptance and Use of Technology
(UTAUT) to library contexts [1], established early evidence
that librarians’ willingness to adopt Al is shaped as much by
institutional readiness and professional identity as by the tech-
nology itself. More recent work extends this picture further,
describing librarians' evolving responsibilities in Al literacy
instruction, algorithmic accountability, and data stewardship,
and arguing that the librarian's role is expanding from infor-
mation support to genuine research and pedagogical partner-
ship [11].

Despite this expanding evidence base, the role of the librar-
ian remains far from redundant. Al systems can retrieve infor-
mation, summarise documents, and automate repetitive ad-
ministrative processes, but they cannot replicate the profes-
sional judgement, contextual understanding, ethical reasoning,
and mentoring relationships that librarians provide [36]. Cog-
nitive science perspectives on human-Al interaction in higher
education similarly argue that Al is best understood as a facil-
itative partner to human expertise rather than a substitute for
it, provided that users are supported in developing the meta-
cognitive skills needed to evaluate Al-generated content criti-
cally [4]. This aligns with the broader concept of human-Al
complementarity, which holds that collaborative perfor-
mance—where humans and Al systems jointly outperform ei-
ther acting alone—depends on structuring interaction so that
each contributes what the other lacks, rather than treating Al
as a simple substitute for human judgement [13]. Complemen-
tarity, in other words, is not automatic; it must be deliberately
designed into service models, workflows, and institutional
cultures, a point with direct relevance to how academic librar-
ies should approach Al integration going forward.

Teacher education institutions represent a particularly sig-
nificant context for this transformation. Pre-service teachers
are simultaneously learners navigating their own Al-mediated
coursework and future practitioners who will decide how Al

is introduced into school classrooms [6]. This dual position-
ing—as users of Al and as future gatekeepers of its classroom
use—means that the library services supporting teacher edu-
cation students carry a distinctive responsibility: they must
model ethical, pedagogically sound Al engagement rather
than simply provide efficient access to Al-enhanced discovery
tools. A library that treats Al purely as an operational upgrade,
without attending to the mentoring and ethical-reasoning
needs specific to future educators, risks missing this responsi-
bility altogether.

Academic libraries serving teacher education faculties
therefore face a distinctive imperative: to move beyond ge-
neric Al-adoption models and develop service frameworks ex-
plicitly attentive to the needs of future educators, namely the
cultivation of critical thinking, information evaluation, and
ethical judgement alongside efficient access to Al-enhanced
discovery tools. Yet the literature reviewed above, while ex-
tensive on Al adoption, ethical literacy, and institutional read-
iness, offers comparatively little conceptual attention to how
librarians and Al technologies might work together—as struc-
tured, complementary partners—specifically within the
teacher education context. Existing frameworks tend to treat
Al adoption and human expertise as parallel but separately
theorised concerns, rather than as interdependent components
of a single collaborative system.

This paper responds to that gap by proposing the Human-
Al Collaborative Library Model (HACLM), a conceptual
framework describing how librarians, faculty members, pre-
service teachers, and Al technologies can function as intercon-
nected partners across teaching, learning, and research activity
in teacher education libraries. The model is deliberately li-
brary-centred: rather than asking how libraries should adapt to
Al, it asks how Al should be structured around the enduring,
irreplaceable contributions of library professionals.

2. Objectives of the Study

In light of the gap identified above, this paper is guided by

the following objectives:

1) To examine existing literature on artificial intelligence
adoption in academic libraries and its intersection with
teacher education.

2) To identify the conceptual gap regarding structured hu-
man-Al collaboration within teacher education library
contexts.

3) To propose the Human-Al Collaborative Library Model
(HACLM) as an original conceptual framework.

4) To explain the theoretical foundations underpinning
each dimension of HACLM.

5) To discuss the practical implications of HACLM for li-
braries, institutions, librarians, and faculty, and to pro-
pose directions for future empirical research.
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3. Research Methodology

This study adopts a conceptual, theory-building approach to
develop the Human-Al Collaborative Library Model
(HACLM). Rather than collecting primary empirical data, the
paper synthesises existing scholarship to construct a theoreti-
cally grounded framework for human-Al collaboration in
teacher education libraries. The conceptual development of
HACLM was informed by a narrative review of the literature,
drawing upon peer-reviewed journal articles, books, policy
documents, and recent systematic and bibliometric reviews re-
lated to artificial intelligence in academic libraries, teacher ed-
ucation, human-Al collaboration, Al literacy, and educational
technology integration.

Relevant literature published primarily between 2020 and
2026 was identified through searches of Scopus, Web of Sci-
ence, ERIC, and Google Scholar. The search strategy com-
bined terms related to artificial intelligence, academic librar-
ies, teacher education, human-Al collaboration, and Al liter-
acy. An example Boolean search string was: (“artificial intel-
ligence” OR “AI” OR “generative AI” OR “GenAl”) AND

(“academic library*” OR “university library*’) AND
(“teacher education” OR “pre-service teacher*”’) AND (“hu-
man-Al collaboration” OR “Al literacy”)**. Equivalent com-
binations were adapted to the search syntax of the respective
databases. The literature searches were conducted iteratively
from May 2026 to August 2026, with the final search update
completed in August 2026. Preference was given to recent em-
pirical studies, systematic reviews, seminal theoretical and
conceptual works, and relevant policy documents that contrib-
uted directly to understanding the technological, pedagogical,
organisational, and collaborative dimensions of Al-supported
library services. The retrieved literature was subjected to rel-
evance screening, followed by full-text assessment and sup-
plementary backward and forward citation searching. Sources
were retained when they directly contributed to understanding
Al adoption in academic libraries, human-Al collaboration,
the evolving role of librarians, Al literacy, teacher education,
educational technology integration, or institutional conditions
affecting Al-supported library services. A total of 42 sources
were retained as the final literature corpus for conceptual syn-
thesis.

Table 1. Literature Search Strategy, Eligibility Criteria, and Screening Process.

Conceptual, theory-building research based on literature synthesis and theoretical integration.

Component Description

Research

approach

Databases Scopus, Web of Science, ERIC, and Google Scholar.
searched

Search period

29 ¢,

“Artificial intelligence,” “academic libraries,

Core search terms . . . .
ative Al,” and “teacher education libraries.”

2

teacher education,” “human-Al collaboration,” “Al literacy,

May 2026 to August 2026, with the final search update completed in August 2026.

29

gener-

Boolean combinations of the core search terms were used across databases. An example search string was: (“artifi-

Search strategy

Types of sources
considered

Selection empha-
sis

Inclusion criteria

Exclusion criteria
Treatment of sem-
inal literature
Initial screening

Supplementary
searching

cial intelligence” OR “AI” OR “generative AI” OR “GenAI”) AND (“academic library*” OR “university library* ”)
AND (“teacher education” OR “pre-service teacher*”) AND (“human-Al collaboration” OR “Al literacy”). Equiv-
alent combinations were adapted to the search syntax of the respective databases.**

Peer-reviewed journal articles, books, policy documents, systematic reviews, bibliometric reviews, and seminal the-
oretical and conceptual works.

Preference was given to recent empirical studies, systematic reviews, seminal theoretical and conceptual works, and
relevant policy documents that contributed directly to understanding the technological, pedagogical, organisational,
and collaborative dimensions of Al-supported library services.

Sources directly addressing one or more of the following areas: Al adoption or application in academic libraries; hu-
man-Al collaboration; the evolving role of librarians; Al literacy and information evaluation; teacher education; edu-
cational technology integration; or institutional and organisational conditions affecting Al-supported services.

Sources with limited conceptual or contextual relevance to the identified research areas or those that did not contrib-
ute to understanding the relationships underpinning the proposed model.

Earlier seminal works were retained where necessary to establish the theoretical and conceptual foundations of
HACLM.

Retrieved literature was assessed for conceptual and contextual relevance to the research focus.

Reference lists of key and highly relevant studies, particularly systematic reviews and theoretically important papers,
were examined. Backward and forward citation searching was also undertaken to identify earlier foundational and
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Component

Hand-searching
Thematic synthe-
sis

Theme develop-
ment

Framework devel-
opment

Final literature
corpus

Description
more recent related studies.

Selected journals relevant to artificial intelligence, academic libraries, teacher education, and educational technology
were hand-searched to identify potentially relevant literature not retrieved through keyword-based searching.

Literature was thematically analysed to identify recurring concepts, theoretical perspectives, and relationships rele-
vant to human-AlI collaboration in teacher education libraries.

Five recurring themes were identified: human professional expertise, Al technological capabilities, collaborative ser-
vice delivery, institutional and organisational support, and educational outcomes.

The five themes were consolidated into the five HACLM dimensions: Human Expertise, Al Capabilities, Collabora-
tive Library Services, Institutional Support, and Enhanced Educational Outcomes.

A total of 42 sources were retained following relevance screening and supplementary searching and constituted the
literature corpus used for the conceptual synthesis.

Theoretical inte-

gration derpinning HACLM.

Purpose of syn-
thesis

The identified literature was analysed through thematic
synthesis to identify recurring concepts, theoretical perspec-
tives, and relationships relevant to human-Al collaboration in
teacher education libraries. The synthesis involved comparing
concepts across the identified literature and grouping them ac-
cording to the functions they served within the proposed col-
laborative system. Five recurring and conceptually distinct
themes emerged: human professional expertise, Al technolog-
ical capabilities, collaborative service delivery, institutional
and organisational support, and educational outcomes. These
themes were subsequently consolidated into the five HACLM
dimensions: Human Expertise, Al Capabilities, Collaborative
Library Services, Institutional Support, and Enhanced Educa-
tional Outcomes. A dimension was retained when it repre-
sented a recurring domain with a distinct function in the pro-
posed human-Al collaborative system, while overlapping con-
cepts were consolidated to maintain conceptual parsimony.

The resulting dimensions were then mapped against the six
complementary theoretical and conceptual perspectives un-
derpinning HACLM. Consistent with the guidance for con-
ceptual research, the purpose of the synthesis was not to em-
pirically validate the proposed model but to develop a theoret-
ically coherent framework that can guide future empirical in-
vestigation and practical implementation [17].

4. Literature Review

The literature relevant to this paper falls into four overlap-
ping strands: Al adoption and practice in academic libraries;
the evolving professional role of the librarian; human-Al col-
laboration and complementarity as an emerging theoretical
concern; and generative Al's specific implications for teacher
education. Each strand is reviewed in turn below.

The resulting dimensions were mapped against the six complementary theoretical and conceptual perspectives un-

The synthesis was undertaken to develop a theoretically coherent conceptual framework capable of guiding future
empirical investigation and practical implementation rather than to empirically validate the proposed model.

4.1. AT Adoption and Practice in Academic
Libraries

A substantial and rapidly growing body of research has doc-
umented how academic libraries are adopting Al technologies.
A systematic review of practices published between 2020 and
2024 found that Al applications in academic libraries cluster
around six operational areas: technical services, reference and
information services, administrative functions and circulation,
collection development, information literacy and user educa-
tion, and professional development and collaboration [5]. Bib-
liometric analyses corroborate this picture, showing an accel-
erating volume of scholarly output on Al in libraries since
2018, with thematic emphasis on information retrieval,
knowledge organisation, and personalised user services [16].

Regional studies further extend this evidence base across
diverse educational contexts. Research on Al implementation
strategies in Ghanaian academic libraries has identified infra-
structural and training constraints as primary barriers to adop-
tion [10]. Similarly, studies of universities across Africa have
observed that, although institutions increasingly recognise the
potential of Al for improving library services, widespread im-
plementation continues to be constrained by limited techno-
logical infrastructure, inadequate policy frameworks, funding
limitations, and shortages of Al-related professional expertise
[31]. Research among Arab academic librarians has likewise
reported generally positive attitudes toward Al, accompanied
by significant gaps in ethical literacy [12]. Collectively, these
regional studies suggest that successful Al adoption depends
not only on technological availability but also on institutional
readiness, professional capacity, and governance.

These findings echo earlier technology-acceptance research.
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Studies applying the diffusion-of-innovations framework
have shown that library employees' perceptions of Al cluster
into distinct adopter categories [25], while research based on
the Unified Theory of Acceptance and Use of Technology
(UTAUT) has demonstrated that librarians' behavioural inten-
tion to adopt Al depends heavily on perceived usefulness and
facilitating institutional conditions rather than on technologi-
cal capability alone [1]. Taken together, this literature estab-
lishes that Al adoption in libraries is well underway but highly
uneven, and that its success is contingent on organisational
and human factors rather than being technologically deter-
mined.

4.2. The Evolving Role of the Librarian

A second strand of literature addresses how the librarian's
professional role is being redefined by Al. An integrated the-
matic synthesis shows that librarians are increasingly ex-
pected to lead Al literacy instruction, exercise algorithmic ac-
countability, and act as data stewards, extending their remit
from information provision into genuine research and peda-
gogical partnership [11]. Similarly, academic libraries are in-
creasingly becoming hubs of Al competency, with librarians
mediating between Al systems and users rather than being dis-
placed by them [36]. A related discussion frames Al in librar-
ies as inherently a socio-technical, rather than purely technical,
phenomenon. Research argues that Al in academic library
contexts must be governed as a socio-technical agent, requir-
ing ethical oversight, critical Al literacy, and structural ac-
countability [37]. This perspective echoes the foundational so-
cio-technical systems theory, which establishes that organisa-
tional outcomes depend on the joint optimisation of social and
technical subsystems rather than on technology in isolation
[40]. Collectively, this body of work signals a shift in the
scholarly understanding of the librarian's role, with increasing
emphasis on facilitation, mentorship, and governance. This
evolving role also requires librarians to develop and promote
Al literacy among users.

Academic libraries should therefore move beyond simply
providing access to Al tools and instead cultivate users' ability
to critically evaluate, ethically use, and effectively interact
with Al systems, positioning Al literacy as an emerging core
competency for academic librarians [24]. Extending this per-
spective, a critical Al literacy framework for academic librar-
ians emphasises reflective use of generative Al, critical eval-
uation of Al-generated information, and responsible scholarly
practices [42]. Such competencies reinforce the librarian's ex-
panding role as an Al mentor and ethical guide.

4.3. Human-AI Collaboration and
Complementarity

A third, more theoretical strand of literature examines the
conditions under which humans and Al systems produce gen-

uinely collaborative—rather than merely additive or substitu-
tive—outcomes. The concept of complementarity in human-
Al collaboration has been formalised to explain how comple-
mentary team performance, in which a human-Al pairing out-
performs either acting alone, depends on structuring interac-
tion around asymmetries in information and capability rather
than assuming that Al involvement automatically improves
outcomes [13]. In the higher education context specifically,
cognitive science perspectives suggest that Al is best posi-
tioned as a facilitator of learning rather than a threat to it, pro-
vided learners are supported in developing the metacognitive
skills required to evaluate Al-generated content critically [4].
These perspectives converge on a central insight directly rele-
vant to this paper: collaboration between humans and Al is not
automatic or costless. It must be deliberately designed, an in-
sight with clear implications for how library services should
be structured.

This strand also connects to two seminal bodies of theory
relevant to the HACLM framework developed later in this pa-
per. First, the theory of organisational knowledge creation,
which describes the socialisation, externalisation, combina-
tion, and internalisation (SECI) of tacit and explicit
knowledge, remains a foundational lens through which con-
temporary scholars analyse how Al systems might support or
disrupt knowledge flows within organisations, including li-
braries [32]. Second, sociocultural theory of learning, and in
particular the Zone of Proximal Development, underpins more
recent work on collaborative learning, which holds that learn-
ers construct understanding through social interaction and
scaffolding provided by a more knowledgeable other [14, 41].
Both of these seminal frameworks inform the theoretical foun-
dations underpinning the proposed Human-Al Collaborative
Library Model (HACLM).

4.4. Generative Al in Teacher Education

A fourth strand of scholarship addresses generative Al spe-
cifically within teacher education. Structured coursework dis-
cussion of ChatGPT has been found to increase pre-service
teachers' awareness and reduce their anxiety towards genera-
tive Al, although only a minority expressed firm intentions to
adopt Al tools in their own future teaching practice [6]. One
of the earliest studies of teacher educators' perceptions follow-
ing ChatGPT's public release reported that, while teacher ed-
ucators recognised GenAl's potential to transform pedagogi-
cal approaches, many expressed limited confidence in their
own capacity to model its integration effectively for pre-ser-
vice teachers [29].

More recent work has moved from perception studies to-
wards intervention design. Research suggests that profes-
sional digital competence develops most effectively through
structured microlearning environments that promote continu-
ous, scaffolded engagement with emerging digital technolo-
gies rather than one-time training events [20]. Extending this
perspective specifically to generative Al, a thirteen-week
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qualitative case study demonstrated that structured micro-
learning modules built around generative Al tools can
strengthen pre-service teachers' technological pedagogical
content knowledge (TPACK) and self-requlated learning
strategies [21]. Similarly, structured pedagogical interven-
tions have been shown to significantly enhance pre-service
teachers' generative Al literacy and critical thinking abilities
[26]. Collectively, these studies indicate that sustained, guided
engagement with Al is more effective than unstructured expo-
sure, highlighting the important role that academic libraries
can play by providing librarian-mediated, Al-supported learn-
ing environments.

4.5. Research Gap

Read together, these four strands of literature reveal a sig-
nificant conceptual gap. Studies of Al adoption in academic
libraries are overwhelmingly operational and adoption-fo-
cused: they document what libraries are doing with Al and
what barriers they face, but rarely theorise how librarians and
Al technologies should be structured to work together as part-
ners. Studies of the evolving librarian role acknowledge that
librarians are taking on facilitative, mentoring, and govern-
ance functions, but do not offer an integrated model connect-
ing these functions to specific Al capabilities or institutional
conditions. The theoretical literature on human-Al comple-
mentarity is well developed but almost entirely generic, ad-
dressing collaboration in decision-making or classroom set-
tings rather than the specific institutional context of the aca-
demic library. Finally, the teacher education literature focuses
on classroom and curricular integration of generative Al,
largely overlooking the library as a site of collaborative hu-
man-Al support for future educators.

No existing framework, to the best of this paper's
knowledge, integrates these four strands into a single, library-
centred model of human-Al collaboration explicitly designed
for teacher education contexts. Existing academic library
frameworks tend to treat Al adoption and human expertise as
parallel but separately theorised concerns rather than as inter-
dependent components of a single collaborative system, and
existing teacher education frameworks tend to overlook the li-
brary altogether as a partner in preparing future educators for
Al-integrated practice. To address this gap, this paper pro-
poses the Human-Al Collaborative Library Model (HACLM),
a library-centred conceptual framework that positions human
expertise and Al capabilities as complementary components
of a socio-technical system designed to support teaching,
learning, and research in teacher education.

4.6. Why Teacher Education Needs Human-Al
Collaboration
Teacher education occupies a distinctive position in the

higher education landscape that makes structured human-Al
collaboration in library services particularly urgent, for at least

three reasons.

First, pre-service teachers occupy a dual role that other stu-
dents do not: they are simultaneously learners navigating their
own Al-mediated coursework and future practitioners who
will determine how Al is introduced into school classrooms
[6]. A pre-service teacher's own experience of Al-supported
research and learning during their training is likely to shape
how they later model Al use, or caution, for their own pupils.
This multiplying effect means that the quality of Al-integra-
tion support received during teacher education has conse-
guences that extend well beyond the individual student.

Second, evidence from teacher education research consist-
ently shows that confidence and pedagogical competence with
Al tools do not follow automatically from exposure to them.
Many teacher educators, despite recognising GenAl's trans-
formative potential, have been found to lack confidence in
modelling its use effectively, while structured, incremental
support—rather than one-off exposure—has been shown to be
necessary for developing pre-service teachers' technological
pedagogical content knowledge and self-regulation [21, 29].
This points towards a need for sustained, mentored, and ped-
agogically embedded Al support of precisely the kind that li-
brary-based human-Al collaboration could provide, rather
than generic institutional Al adoption alone.

Third, teacher education carries specific ethical and epis-
temic responsibilities that make purely automated Al support
insufficient. Evaluating the accuracy, bias, and pedagogical
appropriateness of Al-generated lesson materials, research
summaries, or classroom resources requires professional
judgement of the kind that librarians are trained to provide
[36]. Where Al can rapidly generate content, it cannot inde-
pendently guarantee its ethical use, curricular alignment, or
suitability for diverse learners; this evaluative function re-
quires deliberate, human-mediated scaffolding of the kind the-
orised in socio-technical systems approaches to organisational
technology [40] and in collaborative learning theory's account
of scaffolding through a more knowledgeable other [14, 41].

For these reasons, academic libraries serving teacher edu-
cation institutions cannot adequately meet their users' needs
by adopting Al tools alone, nor by relying solely on traditional
human-mediated services untouched by Al capability. What is
required is a structured model of collaboration in which librar-
ians and Al technologies function as genuinely complemen-
tary partners — the rationale underpinning the Human-Al
Collaborative Library Model.

4.7. Theoretical Foundations

HACLM is deliberately built upon six complementary the-
oretical and conceptual perspectives, each mapped to a spe-
cific dimension or relationship within the model, rather than a
single grand theory. This multi-perspective design mirrors the
approach taken in other library and information science con-
ceptual work that integrates socio-technical, pedagogical, and
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organisational perspectives to explain complex service trans-
formations [37].

Human-Al Collaboration Theory / Complementarity. The
concept of complementarity in human-Al collaboration—that
collaborative performance exceeding either human or Al per-
formance alone depends on structuring interaction around
asymmetries of information and capability—underpins the re-
lationship between Dimensions 1 and 2 and their convergence
in Dimension 3 [13]. It provides the theoretical justification
for treating Al as a designed partner rather than as an assumed
enhancement.

Socio-Technical Systems Theory. Originating with the
study of coal-mining work organisation and further developed
as a general principle of joint optimisation between social and
technical subsystems, this theory underpins Dimensions 1 and
4 [40]. Although originally grounded in an industrial mining
context, the theory's central claim—that a technical system
cannot be redesigned in isolation from the social system in
which it is embedded without risking organisational and psy-
chological breakdown—nhas been extended well beyond that
setting, subsequently informing the design of manufacturing
systems, healthcare information technology, and organisa-
tional computing more broadly, and establishing joint optimi-
sation as a durable principle for evaluating new technologies
introduced into professional environments. It explains why Al
capability alone cannot generate positive outcomes without
corresponding investment in professional expertise, govern-
ance, and institutional readiness. This joint-optimisation prin-
ciple has more recently been extended specifically to Al sys-
tems, with research arguing that human-centred Al design re-
quires organisations to be kept “in the loop” through mecha-
nisms of oversight, feedback, and adaptive governance, rather
than assuming that well-designed algorithms alone guarantee
positive outcomes [15]. This extension reinforces HACLM's
positioning of Institutional Support as a dimension that must
evolve continuously alongside Al capability, rather than being
established once and left static.

Collaborative Learning Theory. Rooted in sociocultural
theory of learning and the Zone of Proximal Development,
and elaborated in contemporary research on collaborative
learning in virtual higher education, this theory underpins Di-
mension 3 [14, 41]. It explains the librarian's scaffolding role
in mediating pre-service teachers' engagement with Al tools.
This scaffolding logic has recently been corroborated in the
specific context of Al-supported learning: a systematic review
of 158 empirical studies found that Al tools most effectively
support learners' Zone of Proximal Development when em-
bedded within a collaborative environment featuring human
facilitation, rather than used as unmediated, standalone re-
sources [7]. This finding directly supports HACLM's framing
of the librarian as the scaffolding agent within Dimension 3.

Knowledge Management Theory. The theory of organisa-
tional knowledge creation, describing the socialisation, exter-
nalisation, combination, and internalisation of tacit and ex-

plicit knowledge, underpins the knowledge-organisation com-
ponents of Dimension 1 and the research-support components
of Dimension 3 [32]. It frames the library as a site of continu-
ous knowledge conversion rather than static information stor-
age. Recent empirical work lends further support to this appli-
cation: a survey of 378 employees and managers found that
Al enhances organisational knowledge processes such as ac-
quisition, documentation, and sharing, but that its perceived
usefulness depends strongly on alignment with existing
knowledge practices and the involvement of knowledge-man-
agement expertise [30]. This finding is consistent with
HACLM's positioning of the librarian, rather than the Al sys-
tem alone, as the agent responsible for knowledge organisa-
tion within Dimension 1.

Educational Technology Integration. The TPACK frame-
work underpins Dimension 5, explaining why educational out-
comes from Al-supported library services depend on the situ-
ated integration of technological, pedagogical, and content
knowledge rather than technological access alone [27] —a
finding directly corroborated by recent teacher education re-
search [21].

User-Centred Library Services. The Association of College
and Research Libraries (ACRL) Framework for Information
Literacy for Higher Education underpins Dimension 5 and the
outcome-orientation of the model as a whole, framing infor-
mation literacy, and by extension Al literacy, as contextual,
negotiated competencies rather than fixed skills [3], consistent
with the developmental, mentored approach to Al integration
that HACLM proposes for teacher education.

Collectively, these six complementary theoretical and con-
ceptual perspectives provide a comprehensive foundation for
understanding human-Al collaboration within teacher educa-
tion libraries. Rather than relying on a single theoretical lens,
HACLM integrates complementary perspectives to explain
the technological, pedagogical, organisational, collaborative,
and user-centred dimensions of Al-enabled library services.
This theoretical and conceptual integration provides the foun-
dation for the Human-Al Collaborative Library Model pro-
posed in the following section.

5. The Human-AlI Collaborative Library
Model (HALCM)

5.1. Overview and Rationale for the Model's
Structure

The Human-Al Collaborative Library Model (HACLM) is
proposed as an original conceptual framework describing how
academic libraries serving teacher education institutions can
structure librarians, faculty members, pre-service teachers,
and Al technologies as interdependent partners in teaching,
learning, and research. As established in the preceding litera-
ture review, existing scholarship treats Al adoption and hu-
man expertise as parallel but separately theorised concerns [5,
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11], while human-Al complementarity theory demonstrates
that collaborative advantage is not automatic but must be de-
liberately designed into workflows and institutional structures
[13]. HACLM responds to both observations by specifying
five interdependent dimensions—Human Expertise, Al Capa-
bilities, Collaborative Library Services, Institutional Support,
and Enhanced Educational Outcomes—that must be jointly
present and structurally connected for genuine human-Al col-
laboration to emerge within a teacher education library.

The structure of HACLM is informed by the integration of
six complementary theoretical and conceptual perspectives,
reflecting the theory-building purpose of the present concep-
tual study. Conceptual framework development often requires
the synthesis of multiple theories when a single theoretical
lens cannot adequately explain a complex phenomenon [17].
Human-Al collaboration in teacher education libraries encom-
passes technological capabilities, human expertise, pedagogi-
cal practice, organisational adoption, institutional context, and
user-centred educational support, each of which is explained
by different but complementary theoretical traditions. Conse-
quently, HACLM integrates these complementary theoretical
and conceptual perspectives, with each contributing a distinct
explanatory lens while collectively providing a more compre-
hensive understanding of human-Al collaboration than could
be achieved through any single perspective alone.

Although alternative theoretical perspectives, such as Ac-
tivity Theory and Distributed Cognition, have been widely ap-
plied to studies of technology-enhanced learning and human-
technology interaction, they primarily emphasise activity sys-
tems, mediated action, or the distribution of cognitive pro-
cesses. The present study instead required complementary the-
oretical perspectives capable of explaining organisational
readiness, human expertise, technological capabilities, collab-
orative learning, knowledge creation, and educational out-
comes within a single conceptual framework. Accordingly,
the six complementary theoretical and conceptual perspec-
tives underpinning HACLM were selected because each con-
tributes a distinct explanatory lens aligned with one or more
dimensions of the model, while collectively providing com-
prehensive coverage of the technological, pedagogical, organ-
isational, collaborative, and user-centred aspects of human-Al

collaboration in teacher education libraries. This theoretical
selection reflects the interdisciplinary nature of teacher educa-
tion libraries, where technological innovation, professional
practice, organisational governance, and pedagogical devel-
opment interact simultaneously.

The five dimensions of HACLM were derived through the-
matic synthesis of the literature reviewed in this study rather
than being predetermined. Across the reviewed scholarship,
five recurring and theoretically distinct domains consistently
emerged as essential for understanding effective human-Al
collaboration in teacher education libraries: human profes-
sional expertise, Al technological capabilities, collaborative
service delivery, institutional and organisational support, and
educational outcomes. Each dimension represents a distinct
conceptual construct supported by the theoretical foundations
underpinning HACLM. Combining these dimensions would
obscure important differences in their functions and explana-
tory roles, whereas introducing additional dimensions would
unnecessarily increase conceptual complexity without con-
tributing substantively to the framework. Consequently, the
five-dimensional structure was adopted to achieve both theo-
retical comprehensiveness and conceptual parsimony.

The model is deliberately library-centred rather than tech-
nology-centred. Where much of the existing literature asks
how libraries should adapt to Al [38], HACLM instead asks
how Al capabilities should be organised around the enduring,
irreplaceable contributions of library professionals [36]. This
inversion of the usual framing is the model's central concep-
tual contribution.

To further clarify the originality and conceptual contribu-
tion of HACLM, Table 2 compares the proposed framework
with representative Al-related frameworks in academic librar-
ianship. While existing frameworks have advanced under-
standing of Al adoption, librarian competencies, or socio-
technical governance, they generally address these aspects in
isolation. In contrast, HACLM integrates technological, ped-
agogical, organisational, collaborative, and user-centred per-
spectives into a unified framework specifically designed to
support teaching, learning, and research in teacher education
libraries.

Table 2. Comparison of HACLM with Existing AI-Related Library Frameworks.

Framework Primary Focus Major Strength
UTAUT-based Explainin
Al Adoption xplaining Identifies behavioural
librarians' ) .
Models . . factors influencing Al
intention to adopt .
(Andrews et al., AL adoption
2021)
. Highlights evolving librar-
Cox (2023). Professlonal COM- jan roles and professional
Competencies- petencies required

capabilities

e . How HACLM Extends the

Limitation
Framework

Focuses mainly on
technology acceptance before
implementation; does not
explain collaboration after
adoption

HACLM explains how librarians
and Al collaborate after adoption
through integrated service design,
institutional support and
educational outcomes.

Focuses primarily on individ-
ual competencies rather than
organisational collaboration

HACLM integrates librarian ex-
pertise with Al capabilities, insti-
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Limitation

How HACLM Extends the
Framework

tutional readiness and collabora-

Framework Primary Focus Major Strength
Based Perspec- for Al-enabled li-
tive brarianship
Governance and . .
Sousa (2025b) . . Emphasises ethics, gov-
. . socio-technical Lo
Socio-Technical . . . ernance and organisational
. implications of Al .
Perspective R readiness
in libraries
Integrates technological,
HACLM (Pre- Hun.qan-.AI collab- orgamsatlonal,. pedagogi-
oration in teacher  cal, collaborative and
sent Study)

user-centred dimensions
into one framework

education libraries

While HACLM builds upon established scholarship on ar-
tificial intelligence in academic libraries, it differs from exist-
ing frameworks in both scope and purpose. As summarised in
Table 1, technology acceptance models, including UTAUT-
based approaches [1], primarily explain the factors influenc-
ing librarians’ intentions to adopt Al technologies but provide
limited guidance on how human expertise and Al capabilities
should function collaboratively after adoption. Similarly,
Cox’s competencies-based analysis [9] highlights the evolv-
ing professional roles and capabilities required of librarians in
an Al-enabled environment but does not conceptualise the col-
laborative relationships among librarians, Al systems, institu-
tional structures, and educational outcomes within a unified
framework. Sousa’s socio-technical perspective [37] empha-
sises the importance of governance, ethical oversight, and or-
ganisational readiness for Al implementation, yet its primary
focus remains on Al as a socio-technical phenomenon rather
than on the design of collaborative library services for teach-
ing and learning. HACLM extends these complementary per-
spectives by integrating technological, organisational, peda-
gogical, collaborative, and user-centred dimensions into a sin-
gle conceptual framework specifically developed for teacher
education libraries. In doing so, the model shifts the focus
from Al adoption or professional adaptation alone to the de-
liberate structuring of sustainable human-Al collaboration that
supports teaching, learning, and research while recognising
the distinctive educational responsibilities of libraries prepar-
ing future teachers.

The distinctive contribution of HACLM lies not only in in-
tegrating human expertise and artificial intelligence but also
in embedding this collaboration within the unique pedagogical
context of teacher education. Unlike academic libraries serv-
ing broader disciplinary communities, teacher education li-
braries support users who occupy a dual professional trajec-
tory: pre-service teachers are both learners engaged in Al-sup-
ported academic work and future educators who will shape

tive library services within a uni-
fied conceptual framework.

HACLM incorporates socio-tech-
nical governance while addition-
ally specifying collaborative ser-
vices and educational outcomes
tailored to teacher education li-
braries.

Does not explicitly model
collaborative teaching, learn-
ing and research services

Provides a structured, teacher ed-
ucation-specific framework for
designing sustainable human-Al
collaboration across teaching,
learning and research.

Requires empirical validation

how Al is used in school classrooms [6, 21]. Consequently,
each dimension of HACLM is contextualised to address this
dual responsibility. Human Expertise extends beyond tradi-
tional reference and research support to encompass pedagogi-
cal mentoring, ethical guidance, and Al literacy for future
teaching practice. Al Capabilities are oriented towards sup-
porting lesson planning, reflective practice, and curriculum-
informed resource discovery rather than information retrieval
alone. Collaborative Library Services promote partnerships
among librarians, teacher educators, and pre-service teachers
to facilitate guided Al-supported learning experiences [14, 21].
Institutional Support emphasises alignment with teacher edu-
cation curricula, professional competency frameworks, and
responsible Al governance [2, 28], while Enhanced Educa-
tional Outcomes extend beyond academic achievement to in-
clude the development of reflective, ethically responsible, and
Al-literate educators [27, 28]. Collectively, these contextual
adaptations distinguish HACLM as a framework specifically
designed for teacher education libraries to support teaching,
learning, and research through structured human-Al collabo-
ration.

5.2. The Five Dimensions of HACLM

5.2.1. Dimension 1: Human Expertise

Human expertise constitutes the foundation of the model
and cannot be substituted by any Al capability, however so-
phisticated. Its major components include professional judge-
ment, information evaluation, research consultation, instruc-
tional support, ethical guidance, knowledge organisation, and
user engagement. Within HACLM, the librarian functions as
mentor, research consultant, learning facilitator, and ethical
adviser, roles increasingly documented in the literature on li-
brarians' expanding responsibilities in Al literacy instruction,
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algorithmic accountability, and data stewardship [11]. This di-
mension is theoretically grounded in socio-technical systems
theory, which holds that organisational technology succeeds
only when jointly optimised with the social systems — pro-
fessional expertise, relationships, and values — in which it is
embedded [40]. It is human expertise, not Al capability, that
supplies the ethical and contextual judgement that socio-tech-
nical theory identifies as indispensable.

Within teacher education libraries, human expertise extends
beyond conventional research support to preparing future
teachers for responsible Al use in educational settings. Librar-
ians guide pre-service teachers in critically evaluating Al-gen-
erated lesson plans, identifying algorithmic bias in educational
resources, selecting curriculum-appropriate digital learning
materials, and modelling ethical Al practices for future class-
room use. Such support is particularly important because ef-
fective Al integration in teacher education depends not only
on access to Al tools but also on developing pedagogical
judgement and technological pedagogical content knowledge
(TPACK) through guided practice [8, 22].

5.2.2. Dimension 2: AI Capabilities

Al capabilities represent the second, complementary pole
of the model. Major components include intelligent search and
semantic discovery, virtual reference assistants, personalised
recommendation systems, automated cataloguing, research
summarisation, language translation, and learning analytics.
These capabilities improve efficiency and expand access to in-
formation [5, 16], but HACLM explicitly frames them as in-
puts to collaboration rather than as autonomous replacements
for library services. This framing draws directly on human-Al
complementarity theory, which specifies that collaborative
advantage arises from structuring interaction around asymme-
tries in information and capability between human and Al
partners, rather than from Al capability considered in isolation
[13]. Cognitive-science perspectives on Al in higher educa-
tion reinforce this point, arguing that Al functions best as a
facilitator of human cognition and metacognition rather than
a substitute for it [4].

Within teacher education libraries, Al capabilities extend
beyond conventional information retrieval to support peda-
gogically oriented learning and professional preparation. Al
can assist pre-service teachers in generating curriculum-
aligned lesson ideas, recommending evidence-based instruc-
tional resources, facilitating reflective teaching portfolios,
supporting classroom scenario analysis, and providing person-
alised learning pathways tailored to different stages of teacher
development. Recent research further demonstrates that gen-
erative Al can effectively support collaborative lesson plan-
ning and adaptive instructional design when combined with
human facilitation, enabling pre-service teachers to engage
more deeply with pedagogical decision-making rather than
merely automating instructional tasks [8, 39]. Accordingly,
within HACLM, Al capabilities are conceptualised not merely
as tools for improving library efficiency but as pedagogical

enablers that complement librarians' expertise in preparing fu-
ture educators for responsible, ethical, and context-sensitive
Al integration in schools.

5.2.3. Dimension 3: Collaborative Library Services

This dimension represents the operational interface at
which Human Expertise and Al Capabilities interact, and it is
the dimension in which HACLM's originality is most concen-
trated. Rather than positioning Al-assisted services and librar-
ian-mediated services as alternatives, HACLM specifies con-
crete co-created services: Al-assisted reference services su-
pervised by librarians, collaborative literature searching, re-
search consultations that combine Al tools with librarian eval-
uation, lesson-planning support for pre-service teachers, per-
sonalised learning pathways, Al-supported systematic re-
views, research data management, and digital scholarship sup-
port. The defining principle of this dimension is co-creation
rather than substitution. It is theoretically grounded in collab-
orative learning theory, and specifically in Vygotsky's concept
of the Zone of Proximal Development, which holds that learn-
ers construct understanding through interaction with a more
knowledgeable other who provides scaffolding calibrated to
the learner's current capability [41]. In HACLM, the librarian
occupies the facilitative role, using Al capability as a mediat-
ing tool rather than ceding this educational function to Al di-
rectly — a pattern consistent with recent findings that struc-
tured, mentored engagement with generative Al (rather than
unstructured exposure) is what builds pre-service teachers'
competence and confidence [14, 21].

Within teacher education libraries, collaborative library ser-
vices are specifically designed to support the preparation of
future educators through partnerships among librarians,
teacher educators, and pre-service teachers. Rather than func-
tioning solely as providers of information services, librarians
become pedagogical partners who facilitate Al-supported les-
son planning, guide the critical evaluation of Al-generated
teaching resources, promote responsible and ethical classroom
use of generative Al, and support reflective teaching practices
through evidence-informed inquiry. Recent research suggests
that generative Al is most effective in teacher education when
embedded within collaborative learning environments where
human facilitation provides cognitive scaffolding, critical re-
flection, and pedagogical guidance rather than allowing Al to
function independently [23, 39]. Accordingly, HACLM con-
ceptualises collaborative library services as co-designed learn-
ing experiences that integrate librarian expertise, teacher edu-
cators' pedagogical knowledge, and Al capabilities to prepare
future teachers for effective and responsible classroom prac-
tice.

To operationalise responsible Al use, HACLM requires li-
brarian-mediated safeguards within Al-supported services.
Librarians should guide users to (a) critically examine Al-gen-
erated outputs for potential bias by comparing them with di-
verse, authoritative, and contextually appropriate sources and
by applying critical Al-literacy practices [24, 42]; (b) conduct
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hallucination checks by verifying factual claims, references,
quotations, statistics, and generated instructional materials
against reliable scholarly sources before use, as Al-generated
educational content may contain hallucinations that compro-
mise reliability and learning quality [33]; (c) protect student
and institutional data privacy by advising users to exercise
caution when entering personally identifiable, confidential,
assessment-related, or sensitive information into Al systems
and to follow institutional guidance governing responsible Al
use [2, 28]; and (d) reinforce academic integrity and responsi-
ble use by requiring appropriate acknowledgement of Al as-
sistance, distinguishing original work from Al-generated con-
tent, critically evaluating Al-assisted materials, and following
institutional policies governing acceptable Al use [2, 6, 28].
These safeguards position the librarian as an active mediator
who helps users evaluate, verify, protect, and ethically apply
Al-generated information rather than treating Al outputs as in-
herently reliable.

5.2.4. Dimension 4: Institutional Support

Successful collaboration between the first three dimensions
depends on institutional readiness. Key components include
leadership commitment, Al governance, digital infrastructure,
professional development, library policies, ethical Al guide-
lines, data privacy safeguards, academic integrity and copy-
right protocols, interdisciplinary collaboration, and continu-
ous evaluation. This dimension is supported both by socio-
technical systems theory's principle of joint optimisation [40]
and by technology-acceptance research demonstrating that li-
brarians' willingness to adopt Al depends heavily on institu-
tional facilitating conditions rather than on the technology's
intrinsic capability alone [1, 25]. Without deliberate institu-
tional investment in governance and training, the complemen-
tarity that Dimension 3 depends upon cannot be sustained at
scale. This position is further supported by research showing
organisational readiness—including leadership support, digi-
tal infrastructure, institutional policies, and staff prepared-
ness—to be a fundamental prerequisite for successful Al
adoption in library and information services [18].

Within teacher education institutions, institutional support
extends beyond technological infrastructure to the alignment
of library Al initiatives with teacher education curricula, pro-
fessional competency frameworks, and responsible Al gov-
ernance. Effective implementation requires collaboration
among librarians, teacher educators, educational technology
specialists, institutional leaders, and quality assurance bodies
to ensure that Al-supported library services reinforce peda-
gogical goals, academic integrity, and ethical classroom prac-
tice. Furthermore, teacher education libraries should contrib-
ute to the development of institutional policies that guide the
responsible use of generative Al in teaching, learning, assess-
ment, and research while supporting continuous professional
development for both librarians and teacher educators. Such
coordinated institutional support enables libraries to function
not only as information centres but also as strategic partners

in preparing future teachers for ethical, reflective, and evi-
dence-informed Al integration in schools [2, 28].

At the institutional level, these safeguards should be sup-
ported through formal governance mechanisms. Teacher edu-
cation institutions should establish clear policies and risk pro-
tocols specifying approved Al tools, permissible uses, data
protection requirements, and situations requiring human re-
view [2, 15]. Institutional guidelines should require appropri-
ate verification of Al-generated content used in teaching,
learning, assessment, and research; prohibit the submission of
identifiable or confidential student information to unapproved
Al platforms; and establish clear procedures for academic in-
tegrity, attribution, copyright, and intellectual-property com-
pliance when Al-assisted content is created or reused [2, 28].
Regular training for librarians, teacher educators, and students,
periodic review of Al tools and their risks, and mechanisms
for reporting problematic or unreliable Al outputs should form
part of institutional Al governance [18, 35]. Such measures
enable Institutional Support to provide the policies, training,
infrastructure, and accountability mechanisms necessary for
the responsible implementation of the safeguards operational-
ised through Collaborative Library Services.

5.2.5. Dimension 5: Enhanced Educational
Outcomes

The final dimension specifies the outcomes that successful
human-Al collaboration is intended to produce: improved
teaching quality, enhanced research productivity, better stu-
dent engagement, more efficient information discovery,
stronger academic integrity, personalised learning experi-
ences, innovation in teacher education, and sustainable pro-
fessional development. This dimension draws on educational
technology integration theory, and specifically the Technolog-
ical Pedagogical Content Knowledge (TPACK) framework,
which holds that effective technology integration in teaching
requires the situated interaction of technological, pedagogical,
and content knowledge rather than technological competence
alone [27]. It is also informed by user-centred library services
theory, as articulated in the ACRL Framework for Information
Literacy for Higher Education, which conceptualises infor-
mation literacy as a set of interrelated, contextual competen-
cies rather than a fixed skill set — a conception well suited to
describing the evolving, negotiated outcomes that human-Al
collaboration in libraries is intended to produce for pre-service
teachers [3].

Within teacher education libraries, the outcomes of human-
Al collaboration extend beyond improved information access
and academic performance to encompass the professional
preparation of future educators. By integrating librarian exper-
tise with Al-supported learning services, teacher education li-
braries can foster pedagogical decision-making, Al literacy
for classroom practice, ethical reasoning, reflective teaching,
and evidence-based instructional design. These competencies
are increasingly recognised as essential for teachers who must
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critically evaluate Al-generated educational content, make in-
formed pedagogical decisions, and integrate Al responsibly
into diverse classroom contexts. Consequently, the outcomes
of HACLM are conceptualised not only in terms of enhanced
learning and research but also in terms of developing compe-
tent, reflective, and ethically responsible teachers who are pre-
pared to navigate Al-enabled educational environments [8,
28].

5.3. The Conceptual Framework

The five dimensions of HACLM are organised as a dy-
namic and iterative system rather than as a linear sequence of
activities. Institutional Support provides the enabling condi-
tions—including governance structures, Al policies, profes-
sional development, technological infrastructure, and organi-
sational leadership—that shape how Human Expertise and Al
Capabilities interact. These complementary capabilities are
operationalised through Collaborative Library Services,
where librarians, Al technologies, faculty members, and pre-
service teachers engage in teaching, learning, and research ac-
tivities. Through these collaborative interactions, the model
aims to generate Enhanced Educational Outcomes, including
improved Al literacy, pedagogical competence, research qual-
ity, ethical Al use, and learner engagement. Figure 1 illustrates
these interdependent relationships.

.
111
Leadership Policies and
. and vision governance

The feedback loop is triggered through continuous evalua-
tion of service effectiveness, user experiences, institutional
priorities, and technological developments. Evidence gener-
ated from library assessment activities—such as user satisfac-
tion surveys, learning outcomes, librarian reflections, faculty
feedback, Al system performance, and institutional quality as-
surance processes—provides the basis for reviewing existing
policies, refining professional development programmes, up-
dating Al governance frameworks, and redesigning collabora-
tive library services. In this way, Enhanced Educational Out-
comes do not represent the end of the process; rather, they pro-
vide evidence that informs subsequent improvements to Insti-
tutional Support, enabling the model to evolve alongside
changing educational needs and advances in Al technologies.

Conversely, the feedback cycle may weaken or fail when
evaluation mechanisms are absent, institutional support re-
mains static, or evidence from practice is not translated into
organisational improvement. In such circumstances, Al ser-
vices may become poorly aligned with educational objectives,
librarians may receive insufficient professional support, ethi-
cal concerns may remain unaddressed, and collaborative li-
brary services may gradually lose their effectiveness.
HACLM therefore conceptualises continuous feedback not
merely as a desirable feature but as an essential mechanism
for sustaining meaningful human-Al collaboration within
teacher education libraries.
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Figure 1. The Human-AI Collaborative Library Model (HACLM): Conceptual Framework.
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Accordingly, HACLM should be understood as an adaptive
socio-technical system in which continuous institutional
learning, informed by evaluation and feedback, shapes succes-
sive cycles of human-Al collaboration rather than functioning
as a static implementation framework.

6. Discussion

The Human-Al Collaborative Library Model (HACLM)
makes a specific claim: that meaningful educational innova-
tion in teacher education libraries depends not on the presence
of Al capability alone, nor on the preservation of traditional
human expertise alone, but on the deliberate structuring of
their interaction. This claim is consistent with, and extends,
several strands of the literature reviewed in the preceding sec-
tions. Human-Al complementarity research has already estab-
lished that collaborative advantage between humans and Al
systems is not automatic but depends on how interaction is
structured around asymmetries of capability [13]. HACLM
applies this general principle to the specific institutional set-
ting of the academic library, and further specifies which struc-
tural elements — governance, mentorship, service design —
that structuring requires.

The model also helps to reconcile an apparent tension in the
literature reviewed earlier. On one hand, studies of Al adop-
tion in academic libraries report generally positive librarian
attitudes towards Al [12, 25]. On the other hand, a Delphi
study of Polish university librarians found that librarians char-
acterise Al ambivalently as simultaneously a tool, a collabo-
rator, and a potential adversary, reflecting genuine uncertainty
about how Al will reshape professional roles [19]. HACLM
offers a way of resolving this ambivalence conceptually:
whether Al functions as collaborator or adversary is not a
fixed property of the technology itself but an outcome of
whether Institutional Support (Dimension 4) and Collabora-
tive Library Services (Dimension 3) are deliberately designed
to position Al as a complement to, rather than a substitute for,
human expertise. Where this design work is absent, the same
Al capability that could support collaboration may instead be
experienced as encroachment—a dynamic consistent with the
classic observation that the social system within which an in-
novation diffuses shapes whether that innovation is perceived
as beneficial or threatening, independently of its technical
characteristics [34].

A further point of discussion concerns the model's applica-
bility beyond teacher education. While HACLM has been de-
veloped specifically for teacher education libraries, given the
dual role of pre-service teachers as both Al users and future
Al gatekeepers [6], its five-dimension structure is not inher-
ently limited to this context. The model's emphasis on institu-
tional readiness echoes findings from leadership research
showing that Al acceptance in academic libraries is strongly
shaped by leadership style [35], suggesting that HACLM's In-

stitutional Support dimension may generalise to other discipli-
nary libraries facing similar adoption challenges. The paper
nonetheless retains its teacher education focus, since it is in
this context that the stakes of librarian-guided Al engagement
are most clearly heightened by the multiplying effect of pre-
service teachers' own future classroom practice [21, 29]. How-
ever, such transferability should be understood primarily at
the level of HACLM’s five-dimensional architecture; the spe-
cific indicators, service practices, professional roles, and edu-
cational outcomes proposed in this paper are tailored to
teacher education and would require contextual adaptation be-
fore being applied to other disciplinary library settings.

As outlined in the Research Methodology, HACLM is pro-
posed as a conceptual framework developed through literature
synthesis and theoretical integration rather than empirical in-
vestigation. Accordingly, the study objectives should be un-
derstood as conceptually rather than empirically fulfilled.
While the model demonstrates theoretical coherence and is
grounded in the existing literature, its practical applicability
and effectiveness remain to be established through empirical
validation. Accordingly, HACLM should be regarded as the
first phase of a broader research programme. The present
study develops the conceptual and theoretical foundations of
the model, while subsequent research should focus on expert
validation through approaches such as Delphi studies involv-
ing librarians, teacher educators, and Al specialists, followed
by empirical testing across teacher education institutions. This
staged approach will enable the framework to be refined, val-
idated, and adapted to diverse educational contexts. The future
research propositions presented in the following section pro-
vide an initial agenda for this next phase of investigation.

6.1. Practical Implications

6.1.1. For Academic Libraries

Libraries serving teacher education faculties should treat Al
integration as a service-design problem rather than a procure-
ment decision. This means redesigning reference, instruction,
and research-support workflows so that Al tools are explicitly
positioned within librarian-mediated processes — for example,
supervised Al-assisted literature searching or research consul-
tations in which librarians retain responsibility for evaluating
Al-generated output — rather than being deployed as stand-
alone, unsupervised services [11, 36]. Libraries should also
resist the temptation to adopt Al tools primarily for opera-
tional efficiency without corresponding investment in the eth-
ical governance structures identified in Dimension 4 of
HACLM, since adoption research consistently shows that fa-
cilitating institutional conditions, not technical capability, de-
termine whether Al adoption translates into positive profes-
sional and user outcomes [1].
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6.1.2. For Teacher Education Institutions

Teacher education institutions should recognise the library
as a strategic partner in preparing future educators for Al-in-
tegrated classrooms, rather than solely as an information-ser-
vice provider. Given evidence that structured, mentored en-
gagement with generative Al tools — rather than incidental
exposure — is what builds pre-service teachers' technological
pedagogical content knowledge and self-regulated learning
strategies [21], institutions should consider formally embed-
ding library-based Al mentorship within teacher preparation
curricula, alongside existing curricular Al interventions led by
teacher educators [29].

6.1.3. For Librarians

Librarians working within HACLM-aligned services will
increasingly need to combine traditional professional compe-
tencies with new facilitative roles: Al literacy instruction, al-
gorithmic evaluation, and ethical mediation between Al-gen-
erated content and pedagogical appropriateness [11]. This
does not require librarians to become Al engineers, but it does
require sustained professional development, an implication di-
rectly supported by evidence that librarians' confidence and
attitudes towards Al are shaped significantly by training and
institutional support rather than by generic exposure to the
technology [10, 19].

6.1.4. For Faculty

Faculty in teacher education programmes should collabo-
rate more closely with librarians in embedding Al-supported
library services into coursework, lesson-planning modules,
and educational research training. Since teacher educators
themselves have reported limited confidence in modelling
generative Al use effectively for pre-service teachers [29],
partnership with librarians who hold complementary Al-me-
diation expertise represents a practical mechanism for closing
this confidence gap without requiring every faculty member
to independently develop deep Al literacy.

6.1.5. Curricular Vignette: Librarian-Mediated Al
Scaffolding in Instructional Media Design

A practical application of HACLM can be illustrated

through an Instructional Media Design course in a teacher ed-
ucation programme. During a lesson-design activity, pre-ser-
vice teachers may use a generative Al tool to develop an initial
lesson plan and identify possible digital resources for a se-
lected school topic. The librarian can provide a short Al-liter-
acy and information-evaluation session in which students are
guided to formulate effective prompts, verify Al-generated
factual claims and references using library databases and au-
thoritative educational sources, identify potential bias or un-
supported content, and consider copyright and appropriate at-
tribution when selecting digital materials. Such structured en-
gagement is consistent with emerging research emphasising
the importance of Al literacy, critical evaluation, and peda-
gogically grounded use of GenAl in teacher education [8, 21,
28].

The teacher educator can then evaluate the pedagogical
alignment of the proposed lesson with curriculum objectives,
learning outcomes, and learner needs, while the librarian sup-
ports the evaluation and selection of reliable information re-
sources. Students subsequently revise the Al-generated lesson
plan using the evidence gathered through library resources and
document how Al was used in the development process. In
this arrangement, Al contributes to idea generation and in-
structional design, the librarian provides information evalua-
tion and ethical guidance, and the teacher educator provides
pedagogical judgement. The vignette therefore demonstrates
how Human Expertise, Al Capabilities, Collaborative Library
Services, Institutional Support, and Enhanced Educational
Outcomes can operate together within an authentic teacher-
preparation activity.

6.1.6. Tiered HACLM Maturity Framework

The implementation of HACLM should be viewed as a pro-
gressive process rather than a requirement to establish all five
dimensions simultaneously. This is particularly important for
resource-constrained teacher education libraries, where limi-
tations in infrastructure, staffing, funding, and professional
expertise may affect the pace of Al adoption. Accordingly,
HACLM can be operationalised through three maturity stages:
Initial/Exploratory, Developing/Collaborative,
ture/Institutionalized.

Table 3. Tiered Maturity Framework for HACLM Implementation.

Maturity stage Institutional characteristics

Limited Al infrastructure and expertise;
emerging institutional awareness;
experimentation with low-risk Al
applications.

Initial/Exploratory

Increasing institutional readiness; greater
collaboration among librarians, teacher ed-
ucators, and students; emerging policies

Developing/Col-
laborative

Priority HACLM actions

Build basic Al literacy among librarians and teacher educators;
identify appropriate Al tools; establish basic privacy, verification, and
academic-integrity practices; begin librarian-mediated Al-supported
reference and information-literacy services.

Formalise Al-use guidelines; expand collaborative Al-supported li-
brary services; provide regular training; integrate Al literacy into in-
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Maturity stage Institutional characteristics

and professional-development mecha-
nisms.

Established Al governance and infrastruc-
ture; sustained professional development;
Al-supported services embedded within in-
stitutional teaching, learning, and research
processes.

Mature/Institu-
tionalized

Progression between the stages should not be understood as
strictly linear or time-bound. Institutions may advance at dif-
ferent rates depending on their resources, infrastructure, staff
capacity, and educational priorities. The framework therefore
provides a flexible adoption pathway in which libraries can
begin with achievable, low-risk activities and progressively
develop collaborative services and institutional governance.
Even at the Initial/Exploratory stage, human oversight, re-
sponsible information use, and basic privacy and academic-
integrity safeguards should remain central. The Mature/Insti-
tutionalized stage represents an aspirational state in which the
five HACLM dimensions operate as an integrated and contin-

uously evaluated system rather than a mandatory starting point.

6.2. Future Research Propositions

Building on the conceptual model and its discussion above,
this paper proposes the following empirically testable propo-
sitions to guide future research seeking to validate HACLM:

Proposition 1. Teacher education libraries that formally
structure Al-assisted services around librarian supervision (Di-
mension 3) will report higher user trust in Al-generated research
support than libraries that deploy Al tools without such struc-
turing, consistent with complementarity theory's prediction that
designed interaction outperforms unstructured Al use [13].

Support for this proposition would be indicated if users of
librarian-supervised Al services report significantly higher
levels of trust, perceived reliability, satisfaction, and confi-
dence in Al-assisted research support than users of unsuper-
vised Al services, as measured through validated survey in-
struments or comparative user studies. Conversely, the ab-
sence of statistically or practically meaningful differences be-
tween the two service models would not support the proposi-
tion.

Proposition 2. Institutional investment in Al governance
and professional development (Dimension 4) will be posi-
tively associated with librarians' willingness to adopt Al-sup-
ported service models, consistent with prior technology-ac-
ceptance findings [1, 19].

Support for this proposition would be indicated if institu-
tions demonstrating stronger Al governance frameworks,
greater investment in librarian training, and more comprehen-
sive organisational support also report significantly higher

Priority HACLM actions

formation-literacy and teacher-education activities; establish system-
atic verification, privacy, copyright, and academic-integrity proce-
dures.

Integrate all five HACLM dimensions; establish continuous evalua-
tion and feedback mechanisms; regularly review Al tools and policies;
embed Al literacy and responsible Al practices across teacher educa-
tion curricula; use evidence from assessment to refine services and in-
stitutional governance.

levels of librarians’ behavioural intention, confidence, and
readiness to adopt Al-supported library services, as measured
through validated technology acceptance or Al adoption in-
struments. Conversely, weak or non-significant associations
between institutional support measures and librarians’ adop-
tion intentions would not support the proposition.

Proposition 3. Pre-service teachers who receive librarian-
mediated, scaffolded Al support during their training will
demonstrate stronger technological pedagogical content
knowledge than those who receive unmediated access to Al
tools alone, extending findings from structured microlearning
interventions [21] to the library context specifically.

Support for this proposition would be indicated if pre-ser-
vice teachers participating in librarian-mediated Al learning
activities demonstrate significantly higher levels of Techno-
logical Pedagogical Content Knowledge (TPACK), Al liter-
acy, critical evaluation of Al-generated content, and confi-
dence in educational Al use than those receiving unmediated
access to Al tools, as measured through validated TPACK in-
struments, Al literacy assessments, or comparative pre- and
post-intervention studies. Conversely, the absence of mean-
ingful differences between the two groups would not support
the proposition.

Proposition 4. The perceived role of Al among library pro-
fessionals — as tool, collaborator, or adversary— will vary
systematically with the degree to which Institutional Support
and Collaborative Library Services are jointly present [19], as
HACLM predicts.

Support for this proposition would be indicated if librarians
working in institutions with stronger Al governance, profes-
sional development, and well-established collaborative Al-
supported library services are significantly more likely to per-
ceive Al as a collaborative partner than as merely a tool or a
potential adversary, as measured through validated perception
surveys, Delphi studies, or structured interview protocols.
Conversely, the absence of significant differences in Al role
perceptions across varying levels of institutional support and
collaborative service implementation would not support the
proposition.

Proposition 5. Comparative studies of human-only, Al-only,
and HACLM-aligned collaborative service models in teacher
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education libraries will find the collaborative model associ-
ated with superior outcomes on measures of research produc-
tivity, information evaluation skill, and academic integrity,
relative to either non-collaborative alternative.

Support for this proposition would be indicated if partici-
pants receiving HACLM-aligned collaborative library ser-
vices consistently achieve significantly higher levels of re-
search quality, information evaluation skills, Al literacy, and
academic integrity than those receiving either human-only or
Al-only services, as measured through validated performance
assessments, rubric-based evaluation of research outputs, Al
literacy instruments, and academic integrity indicators. Con-
versely, the absence of significant differences, or superior out-
comes associated with either human-only or Al-only service
models, would not support the proposition.

Collectively, these propositions provide a structured agenda
for empirically validating HACLM across its five dimensions.
Future research should examine these propositions using
mixed-methods approaches that combine quantitative
measures (e.g., validated surveys, Al literacy and TPACK as-
sessments, performance-based evaluations, and institutional
readiness scales) with qualitative methods such as Delphi
studies, interviews, and case studies. Such investigations
would not only test the relationships proposed in HACLM but
also refine the model by identifying the contextual conditions
under which human-Al collaboration is most effective in
teacher education libraries.

7. Conclusion

This paper has argued that the future of academic libraries
in teacher education lies not in choosing between human ex-
pertise and artificial intelligence, but in deliberately structur-
ing their interaction. The literature reviewed in this paper
demonstrated that Al adoption in academic libraries is well
underway but highly uneven [5, 9], that librarians' profes-
sional roles are expanding into facilitation, mentorship, and
ethical governance rather than shrinking [11, 36], and that hu-
man-Al complementarity is a designed outcome rather than an
automatic consequence of technology adoption [13]. The lit-
erature further showed that teacher education represents a dis-
tinctive and urgent context for this work, since pre-service
teachers occupy a dual role as both learners navigating Al-
mediated study and future gatekeepers of Al's place in the
classroom [6, 21].

Responding to the resulting gap — the absence of an inte-
grated, library-centred model of human-Al collaboration tai-
lored to teacher education — the paper proposed the Human-
Al Collaborative Library Model (HACLM). The model's five
interdependent dimensions (Human Expertise, Al Capabilities,
Collaborative Library Services, Institutional Support, and En-
hanced Educational Outcomes) were grounded in six comple-
mentary theoretical and conceptual perspectives: human-Al
complementarity theory, socio-technical systems theory, col-
laborative learning theory, knowledge management theory,

educational technology integration (TPACK), and user-cen-
tred library services. This theoretical pluralism was a deliber-
ate design choice, reflecting the genuinely interdisciplinary
nature of the problem HACLM addresses.

The paper further translated this conceptual contribution
into practical guidance for libraries, teacher education institu-
tions, librarians, and faculty, and proposed five empirically
testable propositions to guide future validation of the model,
ranging from comparative studies of collaborative versus non-
collaborative service models to investigations of how institu-
tional governance shapes librarians' perceptions of Al as col-
laborator rather than adversary [19].

The originality of this paper lies in its reframing of a now-
familiar question. Rather than asking how academic libraries
should adapt to artificial intelligence, HACLM asks how arti-
ficial intelligence should be structured around the enduring,
irreplaceable contributions of library professionals — profes-
sional judgement, ethical mediation, and pedagogical mentor-
ship — within the specific and consequential context of pre-
paring future educators. As generative Al tools become fur-
ther embedded in higher education [38], the library's role as a
site of deliberate, human-mediated Al guidance is likely to
grow rather than diminish in importance. HACLM offers both
a conceptual vocabulary for understanding that role and a
practical foundation for institutions seeking to design it well.
Future work should begin with expert review and Delphi-
based validation of HACLM, followed by multi-institutional
empirical studies to examine the relationships proposed in the
model and refine its application across diverse teacher educa-
tion contexts. Together, these investigations will strengthen
the empirical foundation of HACLM while supporting its con-
tinued refinement and broader applicability.
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