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Abstract

As a vital component of cultural heritage, historic buildings carry multiple values, includ‑
ing historical continuity, construction techniques, and social memory. Their conservation
and utilization are of significant importance for cultural transmission and economic de‑
velopment. However, existing research findings have long been dispersed across differ‑
ent themes, disciplines, and linguistic contexts, lacking a systematic integration and in‑
terpretive framework that links the entire conservation–utilization process, thereby con‑
straining a comprehensive understanding of the field. Against this background, following
the PRISMA guidelines, this study retrieved and screened 474 core journal articles pub‑
lished between 2005 and 2025 from the CNKI and the WOSCC. Using bibliometric and
visualization analysis methods, and employing tools including CiteSpace, VOSviewer, Pa‑
jek, and Scimago Graphica, we analyzed publication trends, collaboration networks, dis‑
ciplinary distributions, and knowledge structures, and conducted thematic mapping and
cross‑database comparison in conjunction with the management cycle articulated in inter‑
national heritage conservation theory. The results show that publication volume in this
field has generally exhibited a growth trend, and the research evolution has roughly un‑
dergone four stages: basic problem focus, emergence of digital technologies, digital trans‑
formation, and data‑intensified assessment and intelligent applications. The research net‑
work presents a multi‑centric pattern characterized by “fragmented distribution with lo‑
calized clustering.” Cross‑database comparison reveals that CNKI and WOS share com‑
mon concerns in conservation, utilization, technology empowerment, and governance is‑
sues, but differ in thematic emphasis and methodological pathways. Based on the interna‑
tional heritage management cycle, this study maps out a systematic framework of “value
recognition–risk assessment–conservation intervention–adaptive reuse–sustainable gover‑
nance,” revealing the similarities and differences between the WOS and CNKI databases
in thematic presentation and knowledge production pathways, and further identifies key
issues including the insufficient independence of value research, inadequate methodolog‑
ical integration, weak post‑utilization feedback, and the lack of a closed governance loop,
thereby proposing future research directions. This study may serve as a reference for sys‑
tematically understanding the overall knowledge and practical development in the field
of historic building conservation and utilization.

Keywords: historic building; conservation; adaptive reuse; bibliometric analysis;
systematic review; lifecycle perspective; evidence mapping; sustainable governance;
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1. Introduction
The protection of cultural heritage has been elevated to an important strategic posi‑

tion in both national development and international sustainability agendas. In China, the
“15th Five‑Year Plan” has elevated cultural heritage protection to a new strategic height in
service of national development. The National Cultural Heritage Administration has ex‑
plicitly proposed constructing a cultural relics protection system characterized by “more
scientific concepts, more comprehensive institutions, and more refined methods,” empha‑
sizing the need to “strengthen research and excavation of cultural relic values and promote
the construction of the Chinese civilization identity system” [1]. At the international level,
organizations such as UNESCO and the International Council on Monuments and Sites
(ICOMOS) have consistently underscored the importance of integrating conservation with
adaptive reuse within the sustainable development agenda. As an important category of
immovable cultural heritage, historic buildings are not only material carriers of historical
memory and tangible symbols of cultural identity, but also valuable assets with significant
social and economic implications. They contribute to public cultural services, tourism de‑
velopment, urban regeneration, and the long‑term operation of heritage sites. Therefore,
improving the conservation and utilization of historic buildings is important not only for
preserving cultural continuity and authenticity, but also for enhancing management effi‑
ciency and supporting the sustainable use of heritage resources.

Nevertheless, in the context of rapid urbanization and cultural tourism integration,
historic buildings are confronted with complex challenges including settlement‑induced
damage, excessive utilization, cultural discontinuity, and financial constraints [2,3]. In
many cases, conservation and utilization involve difficult decisions regarding restora‑
tion investment, technical selection, functional renewal, daily maintenance, and multi‑
stakeholder coordination. If these issues are not properly managed, the result may be not
only physical deterioration and authenticity loss, but also inefficient use of conservation re‑
sources and unsustainable site operation. Accordingly, how to achieve rational use and the
continuity of living heritage while ensuring structural safety and material authenticity has
become a significant practical issue concerning national cultural security and public rights.

Academic research—both domestic and international—has extensively addressed
this topic from perspectives encompassing conservation technology, institutional gover‑
nance, and revitalization practices [4–8]. At the review level, some scholars have con‑
ducted systematic syntheses on specific themes within the conservation of historic build‑
ings, such as bibliometric analyses of the seismic performance of timber‑framed historic
buildings, systematic reviews of heritage value typologies, and reviews of environmental
indicators for adaptive reuse. These reviews provide valuable references for knowledge
integration within their respective thematic boundaries. However, they predominantly
focus on a single theme, a single database, or a specific national context, and have not
yet incorporated conservation, utilization, and long‑term governance into a unified frame‑
work for cross‑database, cross‑linguistic systematic comparison [9]. Furthermore, the ex‑
ploration of common mechanisms and differentiated patterns across various types of his‑
toric buildings is insufficient, resulting in a fragmented knowledge base [10]. Against this
background, a systematic review is needed not only to synthesize existing knowledge, but
also to clarify research concentrations and neglected areas. Such a review has practical
socioeconomic and engineering management value, as it can inform the allocation of con‑
servation resources, support more appropriate intervention and reuse decisions, reduce
avoidable management and operational costs, and improve the long‑term efficiency and
social benefits of heritage site management.

In response to these issues, this study conducts a systematic review and bibliometric
analysis of historic building conservation and utilization research and undertakes an in‑
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terpretive mapping of the identified thematic structure against the standard conservation
management cycle articulated in international heritage charters and manuals. “Historic
buildings” is used as an umbrella term for building‑scale heritage assets addressed in the
reviewed literature, including officially protected historic buildings (wenwu jianzhu), an‑
cient buildings, historic buildings, and traditional vernacular buildings [11–14] (Figure 1).
Specifically, this study aims to: (1) reveal the publication evolution, collaboration land‑
scape, and knowledge structure of the field; (2) Through keyword clustering and co‑
occurrence analysis, identify the main research themes and map them onto the conser‑
vation management cycle long established in international heritage conservation doctrine,
so as to reveal the distribution and evolutionary characteristics across various research di‑
mensions; (3) Systematically compare the similarities and differences between CNKI and
WOS literature in terms of presentation approaches and research pathways; (4) Through
the above work, provide an evidence base, a structured cognitive reference, and future
research directions for the further integration of research on the conservation, utilization,
and long‑term governance of historic buildings.

Figure 1. Some building types covered by historic buildings. Note: all buildings shown are offi‑
cially designated as Major Historical and Cultural Sites Protected at the National Level (the highest
protection category in China). All photos were taken by the author.

2. Methodology
This study combines a PRISMA‑guided systematic literature review with bibliomet‑

ric mapping and qualitative thematic synthesis to ensure rigor, reproducibility, and trans‑
parency in the research process [15,16]. This methodological combination was chosen
because historic building conservation and utilization research is characterized by pro‑
nounced interdisciplinarity, multi‑scale complexity, and strong context‑dependence, en‑
compassing technical topics such as restoration, strengthening, and environmental assess‑
ment, as well as integrated issues like adaptive reuse, management strategies, and sustain‑
able governance. A traditional narrative review alone is insufficient to reveal the overall
knowledge structure and its evolutionary patterns, while relying solely on bibliometric
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results may remain at the level of describing publication trends, co‑word relationships,
and network structures, without adequately explaining the relationships between thematic
clusters and the logic of heritage management.

Accordingly, this study treats the literature in this field as a dynamically evolving
knowledge system. It defines the evidence boundary through systematic screening, iden‑
tifies the knowledge structure and thematic evolution using bibliometric methods, and, at
the interpretation stage, draws on relevant international charters, principles, and classic
texts in heritage conservation to analytically organize the clustering results through the
lens of the heritage lifecycle. This research design aims to balance the standardization of
sample selection, the systematic identification of research structures, and the professional
interpretation of results, thereby more comprehensively revealing the developmental fea‑
tures of historic building conservation and utilization research.

2.1. Research Methodology Framework and Analysis Process

Building on the above research design, the analytical procedure of this paper can be
summarized into three interconnected stages.

The first stage is literature identification and screening. Through database retrieval,
deduplication, title‑abstract screening, and full‑text assessment, the final sample is deter‑
mined, thereby establishing the evidence boundary of the study.

The second stage is bibliometric analysis. Using the finalized sample, analyses are
conducted on publication trends, collaboration networks at the country/institution/author
level, journal and disciplinary distributions, keyword co‑occurrence, clustering structures,
and burst detection, in order to identify the knowledge structure, research hotspots, and
their temporal evolution patterns in this field. The identification of research themes in this
paper is primarily based on keyword co‑occurrence networks and clustering results.

The third stage is result mapping and integrative discussion. On the basis of key‑
word clustering and co‑occurrence analysis, and with reference to international charters,
principles, practice guidelines, and classic literature in the heritage conservation field, the
relationships among the major themes are interpretively organised through the lens of the
heritage lifecycle. In addition, a comparison is drawn between CNKI and WOS literature
in terms of thematic presentation, research foci, and research pathways.

These three stages progress from sample identification and structural analysis to re‑
sult interpretation, forming a analytical pathway of “evidence boundary identification—
knowledge structure mapping—research result interpretation.” This framework retains
the standardization of systematic reviews in evidence identification, leverages the strengths
of bibliometrics in visualizing knowledge structures, and provides a methodological basis
for the subsequent discussion of research emphases, gaps, and cross‑database divergences
from the perspective of heritage management logic.

2.2. Data Sourcesl

This study selected the China National Knowledge Infrastructure (CNKI) core journal
database and the Web of Science Core Collection (WOSCC) as literature sources [17], based
primarily on two considerations. On the one hand, CNKI has a relatively high coverage
of Chinese‑language academic journals and can systematically reflect the major research
outputs on the conservation and utilization of historic buildings within the Chinese con‑
text. On the other hand, the WOS Core Collection offers strong advantages in the cover‑
age of high‑impact international journals, the standardization of bibliographic information,
and its suitability for bibliometric analysis, facilitating cross‑database comparative analy‑
sis with Chinese‑language samples. Constructing the sample on the basis of these two
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databases helps to form a cross‑database, cross‑linguistic research observational perspec‑
tive while ensuring literature quality.

However, it should be noted that the data sources of this study still have clear bound‑
aries, and the resulting sampling bias needs to be fully considered in the interpretation of
the results. First, the WOS Core Collection is not equivalent to the entirety of international
research. Its coverage is primarily oriented toward mainstream international academic
journals, with English‑language literature occupying a significant predominance. Scopus,
the Avery Index, and some regional databases were not included. This may result in some
studies published in regional journals not being incorporated into the sample, and impor‑
tant research published in languages such as Italian, Spanish, French, and Greek being
less represented. Second, different databases exhibit variations in disciplinary coverage,
indexing rules, keyword standards, and journal selection mechanisms. These differences
not only affect the quantitative structure of retrieved literature, but may also influence the
presentation of country distribution, collaboration networks, and research hotspots.

Therefore, the analytical results of this study should be understood as observations
within the boundaries of the CNKI‑ and WOS‑based samples, and all findings are articu‑
lated on the basis of these two databases. Their value lies in revealing the thematic struc‑
tures, evolutionary characteristics, and research pathway differences reflected by these two
high‑quality databases, rather than providing an unbiased, comprehensive description of
the full landscape of global heritage conservation research.

2.3. Literature Retrieval

To ensure both recall and precision, the search strategy underwent multiple rounds
of pre‑testing and optimization. The final CNKI search query was formulated as: SU =
(‘文物建筑’ + ’古建筑’ + ’历史建筑’ + ’传统建筑’) AND SU = (‘保护’ + ’修缮’ + ’修复’ + ’加固’ +
’活化’ + ’利用’ + ’适应性再利用’). The final WOS search query was formulated as: TS = (“his‑
toric building” OR “traditional building” OR “architectural heritage” OR “built heritage”
OR “heritage building”) AND TS = (“conservation” OR “restoration” OR “preservation”
OR “retrofit” OR “rehabilitation” OR “adaptive reuse”). The search period was restricted
from 1 January 2005 to 31 December 2025, 2005 was selected as the starting point because
it broadly corresponds to a period in which China’s cultural heritage protection system be‑
came more legally standardized and research attention began to shift from purely techni‑
cal conservation toward integrated conservation and utilization [18]. Because Chinese and
English heritage discourses employ partially different terminological systems, the search
strings were designed to maximize conceptual equivalence rather than literal symmetry
across databases. In the WOS search, terms such as “heritage building”, “architectural
heritage”, and “built heritage” were included as operational retrieval terms to improve
recall, even though they are not fully identical in scope. After retrieval, all records were
manually screened against the study’s scope, which was limited to building‑scale heritage
assets. Studies focusing primarily on regional heritage—such as urban ensembles and cul‑
tural landscapes—were excluded during the screening. For consistency with mainstream
English‑language heritage discourse, the manuscript uses “historic buildings” as the prin‑
cipal term when referring to the final study object.

2.4. Literature Screening

Inclusion criteria were as follows: (1) peer‑reviewed journal articles; (2) publications
in Chinese or English; and (3) studies focused on the conservation and utilization of his‑
toric buildings. Exclusion criteria included: (1) conference abstracts, editorials, book re‑
views, and call‑for‑papers; (2) articles lacking keywords or author information; and (3)
studies not directly associated with built heritage conservation. To minimize selection

https://doi.org/10.3390/buildings16153085

https://doi.org/10.3390/buildings16153085


Buildings 2026, 16, 3085 6 of 40

bias, two authors independently screened the titles and abstracts. Any disagreements were
resolved through discussion with a third senior author. The screening process and corre‑
sponding data are illustrated in Figure 2. The initial search retrieved 1796 records from
CNKI and 667 from WOS. After removing duplicates and applying the inclusion and ex‑
clusion criteria, 474 articles (172 from CNKI, 302 from WOS) were retained for final analysis.
The two datasets were used in a complementary manner. Publication trend analysis and
thematic interpretation were conducted with reference to both CNKI and WOS records,
whereas country, international collaboration, citation, journal, and disciplinary analyses
were primarily based on the WOS dataset because of its standardized bibliographic meta‑
data and greater cross‑national comparability. CNKI records were mainly used to supple‑
ment Chinese‑language research trends, domestic keyword evolution, and China‑specific
discussions. Therefore, the publication counts reported in the country, author, institution,
and disciplinary network analyses should be interpreted as dataset‑specific results rather
than as direct subdivisions of the full 474‑record corpus.

Figure 2.Data Screening Flowchart Based on PRISMA.

2.5. Data Analysis Methods

To ensure a comprehensive and multi‑faceted analysis, a suite of complementary bib‑
liometric tools was employed [19], each serving a distinct analytical purpose. Microsoft Ex‑
cel (version 2019) was employed for publication volume statistics and trend fitting. CiteS‑
pace (version 6.2.R3) was utilized for analyzing national, institutional, author collaboration
networks, keyword co‑occurrence and clustering, and burst detection [20]. VOSviewer
(version 1.6.20) was used for keyword density visualization. Pajek (version 6.01) and
Scimago Graphica (version 1.0.51.0) were applied to generate dual‑map overlays of dis‑
ciplines and journals, thereby revealing interdisciplinary knowledge flow pathways. The
bibliometric analysis covered the following aspects: (1) publication trend analysis to iden‑
tify the expansion and periodic changes in research output; (2) collaboration network anal‑
ysis to reveal the knowledge production landscape and collaboration intensity at the coun‑
try, institution, and author levels; (3) journal and disciplinary distribution analysis to iden‑
tify the main publication venues and disciplinary affiliations; (4) keyword co‑occurrence
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and clustering analysis to extract research hotspots, thematic structures, and knowledge
modules; and (5) burst detection to identify shifts in research attention and emerging
frontiers over time. To ensure consistency, synonymous and semantically equivalent key‑
words were manually merged prior to analysis.

2.6. Thematic Mapping Method

To reduce subjective bias in the thematic mapping process and ensure transparency
and reproducibility of the interpretation procedure, the mapping method workflow was
designed as follows.

2.6.1. Input Materials

The primary input material for thematic mapping consists of the keyword clustering
results, while the keyword co‑occurrence results and representative literature were used
as supporting analytical materials.

The selection criteria for representative literature are as follows: 1. the keywords
of the literature show a high degree of match with the core keywords of the respective
cluster; 2. the literature has a relatively high citation count or download volume in the
corresponding database; and 3. its abstract can clearly reflect the main research questions
and functional orientation of the cluster.

In terms of theoretical reference, the mapping is aligned against the process logic that
recurs across key charters, principles, management guidelines, and classic studies in the
international heritage conservation field, including but not limited to the Burra Charter,
the Venice Charter, English Heritage Conservation Principles, the Principles for the Con‑
servation of Heritage Sites in China, the Cultural Relics Protection Law of the People’s
Republic of China, relevant ICCROM risk management methods, UNESCO management
guidelines, as well as classic works by Feilden and Cantacuzino.

2.6.2. Mapping Rules

Prior to thematic mapping, specific matching rules were established in advance to
enhance procedural transparency and reduce individual judgment bias:

Rule A (Primary matching): When the research focus reflected by a cluster label, its
core keywords, and its representative literature demonstrates overall functional consis‑
tency with a particular stage in the management cycle, the cluster is assigned to that corre‑
sponding stage.

Rule B (Multi‑stage matching): If a cluster overlaps with multiple stages, its primary
assignment is determined according to its main research questions, methodological empha‑
sis, and the most prominent functional orientation found in the literature, while retaining
its relationships with other stages in the discussion.

Rule C (Normative supplementation): When a research dimension does not form an
independent cluster in the bibliometric results, but holds an important position in the man‑
agement cycle and appears repeatedly in a dispersed form in the keyword co‑occurrence
and sample literature, it is incorporated into the framework as an interpretive lens to or‑
ganise and understand the logical relationships among clusters.

2.6.3. Mapping Workflow

To minimise subjective bias in the mapping process, a procedure of “dual indepen‑
dent mapping—third‑party adjudication—cross‑validation” was adopted.

1. Rule‑based independent mapping;
Two authors independently classified the thematic clusters according to the above
rules, recording their respective justifications.
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2. Structured resolution of discrepancies;
For clusters on which the two authors disagreed, a third author reached consensus
through the following hierarchical adjudication procedure: (1) first, trace back to the
constituent keywords of the cluster to verify whether the matching satisfies the map‑
ping principles; (2) if the discrepancy cannot be resolved at the keyword level, consult
the abstracts of the representative literature of that cluster, using the actual research
content of the literature as the basis for judgement.

3. Triangulation;
The mapping results were further subjected to dual triangulation: (1) data trian‑
gulation: seeking consistency among multiple bibliometric outputs (keyword co‑
occurrence, clustering results, and representative literature content) as convergent
evidence; (2) theoretical triangulation: comparing the mapping results against the
stage logic of at least three independent theoretical sources to avoid over‑reliance on
a single theory or doctrine.

2.7. Reliability and Bias Control

To enhance the reliability of the results and minimize potential biases, several mea‑
sures were implemented during the research process. First, during the retrieval phase,
multiple rounds of pre‑testing and query optimization were conducted to balance recall
and precision, and to reduce omissions caused by inadequate keyword design. Second,
during the screening phase, explicit inclusion and exclusion criteria were applied, and two
authors independently performed title‑abstract screening and full‑text verification to mit‑
igate subjective judgment bias. Third, in the bibliometric analysis phase, synonymous,
near‑synonymous, and semantically equivalent keywords were manually standardized to
improve the consistency of co‑occurrence, clustering, and burst detection results. Finally,
at the interpretation stage, this paper explicitly takes keyword clusters as the primary ba‑
sis for theme identification and uses the international heritage conservation literature as
an interpretive reference, thereby avoiding over‑interpretation of the bibliometric outputs
beyond what the data can support.

3. Results
Because CNKI and WOS differ in language coverage, indexing practices, and disci‑

plinary orientation, cross‑database comparisons in this study are intended to capture broad
developmental contrasts rather than exact one‑to‑one equivalence.

3.1. Research Evolutionary Trajectory: A Four‑Stage Paradigm Shift

Over the past two decades, research on historic building conservation and utilization
has exhibited a sustained upward trend. The linear fitting of publication volumes from
CNKI and WOS yielded R2 values of 0.9896 and 0.9704. The annual number of publica‑
tions shows a clear long‑term upward trend in both datasets (Figures 3 and 4). This pe‑
riodization is an interpretive induction based on publication trends, keyword evolution,
and shifts in research focus; the stages are not absolutely discrete but exhibit a degree of
overlap. Based on inflection points in publication volume, keyword evolution, and shifts
in technical trajectories, the academic history of this domain can be delineated into four
distinct paradigm‑shift stages (Figure 5).
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Figure 3.Annual publication trends in CNKI records, 2005–2025.

Figure 4.Annual publication trends in WOS records, 2005–2025.
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Figure 5. Research Trends and Keyword Co‑occurrences in the Conservation and Utilization of his‑
toric Buildings: CNKI (Below) and WOS (Above), 2005–2025. Note: The two panels are juxtaposed
to illustrate broad comparative tendencies rather than directly equivalent keyword frequencies.

Stage 1: Basic Problem Focus Period (2005–2010). This stage was characterized by
relatively low publication output, dominated by domestic research with sporadic inter‑
national exploration. Studies primarily focused on the emergency restoration and stan‑
dardized protection of building structures. Methodologically, research relied predomi‑
nantly on on‑site surveys and empirical judgment, while theoretical discourse centered on
the localized interpretation of international charters—particularly authenticity and mini‑
mal intervention [21,22]. This stage established the fundamental stance of “conservation
first,” though quantification remained limited. International studies, though scarce, began
exploring technological applications, such as infrared thermography [23] and laser scan‑
ning [24] for risk assessment.

Stage 2: Digital Technology Emergence Period (2011–2017). Following the introduc‑
tion of policies such as the “Three‑Year Action Plan for ‘Internet Plus Chinese Civiliza‑
tion’,” research focus shifted toward engineering‑based assessment of structural safety.
Methods including finite element analysis and dynamic characteristic testing were widely
adopted [25–28], while “adaptive reuse” began to enter the research lexicon [10]. This stage
completed a paradigm shift from qualitative judgment to engineering quantification. The
emergence of Building Information Modeling (BIM) technology foreshadowed the arrival
of an integrated platform in the subsequent phase [29].

Stage 3: Digital Integration and Paradigm Transformation Period (2018–2022). This
stage witnessed a surge in publication volume, with international research assuming a
dominant position. The research landscape exhibited a dual‑track structure configura‑
tion: on the one hand, investigations delved into the micro‑level material mechanisms
of deterioration (e.g., traditional mortar) [30]; on the other hand, digital technologies—
particularly Historic Building Information Modeling (HBIM), laser scanning, and point
cloud technology—were leveraged to integrate morphological, structural, and patholog‑
ical information, thereby constructing a digital health monitoring platform [31–35]. The
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convergence of physical and informational dimensions propelled the evolution toward
data‑driven comprehensive diagnostics.

Stage 4: Data‑Intensified Assessment and Emerging Intelligent Applications (2023–
2025). Since 2023, the field has shifted toward a phase characterized by deeper digital
integration and the preliminary expansion of intelligent analytical tools. In WOS, the co‑
occurrence of keywords such as HBIM, digital twin, point cloud, laser scanning, artificial
intelligence (AI), virtual reality (VR), and adaptive reuse—combined with the use of tech‑
niques such as least squares support vector machines (LS‑SVM) and random forests in
relevant studies [36–39]—suggests that research during this phase has been conducted in
areas such as digital documentation, model integration, and technology‑assisted interpre‑
tation. In CNKI, keywords such as seismic performance, construction materials, under‑
ground development, ground transportation, and numerical simulation reflect attention to
engineering performance assessment, material property analysis, and the impact of com‑
plex construction environments on historic buildings. In addition, some studies have also
conducted research on structural health monitoring and risk assessment integrated with
artificial intelligence [40–44].

3.2. Research Landscape and Collaboration Networks Based on the WOS and CNKI Databases

Country and regional distribution. Analysis based on WOS data (as shown in
Figure 6) reveals that the node sizes and annotated values in the figure represent the pub‑
lication volume of each country, while the connecting lines indicate collaborative relation‑
ships between countries. In terms of publication scale, China leads in the sample (n = 69),
with Spain (n = 42) and Italy (n = 40) also demonstrating substantial output and higher
average citation counts than China (Table 1). In terms of the distribution of collabora‑
tive links, international cooperation is primarily concentrated among a small number of
research‑active, high‑output countries. Although some countries do participate in collab‑
orations, such engagement remains relatively limited, with notable variation in the degree
of participation. Overall, the country collaboration network shows that a certain founda‑
tion has been established, but both the intensity of collaboration and the degree of network
integration remain uneven.

Table 1.Top 10 Countries by Publication Output and Citation Count in the WOS Dataset.

Sort by the Number of Issued Documents Sort by the Number of Citations

Rank Country Number of
Publications

Number of
Citations Country Number of

Citations
Number of
Publications

Average Citations
per Article

1 China 69 1126 China 1126 69 16
2 Spain 42 913 Italy 930 40 23
3 Italy 40 930 Spain 913 42 22
4 Britain 21 351 France 413 10 41
5 Egypt 17 263 Germany 364 6 61
6 Poland 16 269 Britain 351 21 17
7 Portugal 14 177 Norway 305 2 153
8 Romania 11 119 Turkey 294 3 98
9 France 10 413 Poland 269 16 17
10 Canada 9 100 Egypt 263 17 15

The formation of this collaboration pattern is, first, associated with the strongly
context‑dependent nature of research on the conservation and utilization of historic build‑
ings. Such research typically revolves around specific historic buildings, restoration
projects, and local conservation practices, with research objects exhibiting significant lo‑
cality and regionality. Collaborative relationships therefore tend to be preferentially estab‑
lished among countries with similar heritage types, comparable institutional backgrounds,
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or aligned project needs. Second, differences among countries in disciplinary traditions
and research organization models also influence their modes of participation in collab‑
orative networks. Research on the conservation and utilization of historic buildings en‑
compasses multiple dimensions—including architecture, engineering technology, materi‑
als science, digital technologies, and heritage governance—and variations across countries
in problem orientation, methodological frameworks, and publication pathways determine
the types of collaborations in which they are more inclined to engage. Finally, the WOS
database itself reflects the visibility of collaborations within its indexing system. Therefore,
the centrality and connectivity of countries in the network are influenced not only by actual
collaborative activities but also by publication volume, publication channels, participation
in project platforms, and database coverage mechanisms. Hence, the formation of differ‑
ent collaboration patterns is shaped by multiple factors, including regional collaboration
conditions, project dependence, and disciplinary traditions.

Figure 6. Country collaboration network based on WOS records.Note:The size of the circles repre‑
sents the number of publications for each country, and the connecting lines indicate collaborative
relationships between countries.

Core authors and institutions. The author and institutional collaboration networks
constructed from the WOS‑ and CNKI‑based samples indicate that research on the con‑
servation and utilization of historic buildings exhibits an overall pattern of “fragmented
distribution with localized clustering”—that is, while a highly integrated and stable col‑
laborative system has yet to emerge at the macro level, several relatively cohesive collabo‑
rative networks have formed locally (as shown in Figures 7 and 8). CNKI data show that
scholars such as Liu Songfu and Ding Wei, along with institutions including Tianjin Uni‑
versity and Tsinghua University, have formed several research groups. WOS results show
that, centred on scholars such as Caciora and Tudor, and institutions such as the Egyptian
Knowledge Bank (EKB) and the Consiglio Nazionale delle Ricerche (CNR), several rela‑
tively stable and productive collaborative units have emerged (Tables 2 and 3). Overall,
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the collaborative relationships in both databases are characterized by the coexistence of
multiple centres with limited cross‑group connectivity.

Figure 7.Author Collaboration Map of CNKI (left) and WOS (right).

Figure 8. Cooperation Map of Institutions between CNKI (left) and WOS (right). Note: Institution
names are reported as indexed in the WOS database. Egyptian Knowledge Bank (EKB) appears as
an affiliated organization in the original records and is retained here for data fidelity.

Table 2.Top 10 Authors by Publication Volume in CNKI and WOS.

CNKI Is Sorted by the Number of
Published Papers

WOS Is Ranked According to
the Number of Publications

WOS Ordered According to the Cited
Frequency

Rank Author Publications Author Publications Author Number of
citations Publications

1 Liu Songfu
刘松茯

5 yang, na 7 gunce, kagan 256 2

2 Ding Wei丁伟 4 caciora, tudor 5 misirlisoy,
damla 256 2
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Table 2.Cont.

CNKI Is Sorted by the Number of
Published Papers

WOS Is Ranked According to
the Number of Publications

WOS Ordered According to the Cited
Frequency

3 Xiao Zennan
肖泽南

4 cheng, jack c.
p. 5 de luca, livio 164 2

4 Liu Fang刘芳 3 ilies, alexandru 5 veron, philippe 164 2

5 Wu Yue吴悦 3 ilies, dorina
camelia 5 pellicer,

eugenio 126 2

6 Zhou
Qian周乾 3 kwok, helen h.

l. 5 tzortzopoulos,
patricia 126 2

7 Zhang Xing‑
guo张兴国 3 lai, joseph h. k. 5 audenaert,

amaryllis 113 2

8 Tian Qing‑
ping田庆平 3 yang, qingshan 5 litti, giovanni 113 2

9 Shen Yu申宇 3 zhang, jiaying 5 cheng, jack c.
p. 104 5

10 Chen Jing陈静 3 herman,
grigore vasile 4 kwok, helen h.

l. 104 5

Table 3.Top 10 Institutions in Terms of Publication Volume in CNKI and WOS.

CNKI WOS

Rank Research institution Publications Research institution Publications

1 Tianjin University School of
Architecture 6 Egyptian Knowledge Bank (EKB) 16

2 Tsinghua University School of
Architecture 6 Beijing Jiaotong University 10

3 The Palace Museum 6 Consiglio Nazionale delle Ricerche
(CNR) 9

4 Chongqing University School of
Architecture and Urban Planning 5 Babes Bolyai University from Cluj 7

5 Hebei Institute of Building Science
Co., Ltd. 4 Polytechnic University of Milan 7

6 China Academy of Building
Research Co., Ltd. 4 Centre National de la Recherche

Scientifique (CNRS) 6

7 Tongji University School of
Architecture and Urban Planning 4 Hong Kong Polytechnic University 6

8 Harbin Institute of Technology
School of Architecture 4 Cairo University 5

9 Harbin Institute of Technology
(Shenzhen) School of Architecture 4 Hong Kong University of Science &

Technology 5

10 China National Cultural Heritage
Administration Institute 4 University of Oradea 4

The formation of this collaborative structure is similarly influenced by the aforemen‑
tioned factors of case dependency, project‑driven dynamics, and interdisciplinary differ‑
entiation. The direct consequence is that collaborative relationships tend to form more
readily within the same institution, region, or project team, but find it more difficult to
expand further into long‑term, stable cross‑regional or cross‑institutional networks. In ad‑
dition, the centrality of institutional nodes may also be affected by organizational attributes
and database recording practices. Taking EKB as an example—as Egypt’s national digital
library and research output integration platform—its exceptionally high publication vol‑
ume and strong network centrality may be attributable to the fact that it is consistently
listed as the funding body or data source for many Egyptian scholars’ papers, resulting
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in its uniform appearance as an affiliation in the records. Therefore, the interpretation of
certain highly central institutional nodes requires, in addition to considering their actual
academic collaborative ties, a cautious assessment that takes into account institutional na‑
ture and database metadata characteristics. Similarly, the prominent position of certain
universities or research institutes in the network may also be related to their long‑term
involvement in key projects, possession of stable research teams, and sustained accumu‑
lation in specific technical directions. Overall, the results of the author and institutional
collaboration patterns do not simply indicate a lack of coordination, but are shaped by
multiple contributing factors.

3.3. Disciplinary Distribution and Knowledge Flow

Dual‑map overlay analysis reveals that knowledge in this field is distributed across
227 WOS subject categories, exhibiting a high degree of intersection (Table 4, Figure 9).
Civil engineering and construction technology constitute the backbone of research (pub‑
lication volume > 120), extending across three dimensions: (1) the macro‑environmental
dimension, wherein clusters of disciplines including environmental science and geography
reflect the maturation of research on “environment–building” interactions; (2) the micro‑
material dimension, where the involvement of materials science and analytical chemistry
underscores the depth of scientific inquiry into deterioration mechanisms; and (3) the digi‑
tal technology dimension, where the growing integration of remote sensing and computer
science is emerging as a key driver of intelligent prediction.

Table 4.The top ten disciplines in terms of publication volume in WOS.

Rank Subject Publications Rank Subject Publications

1 Engineering, civil 150 6 Environmental studies 57

2 Construction & building
technology 127 7 Chemistry, analytical 56

3 Environmental sciences 78 8 Green & sustainable
science & technology 52

4 Materials science,
multidisciplinary 75 9 Spectroscopy 51

5 Geosciences,
multidisciplinary 59 10 Remote sensing 26

Figure 9.The overlapping diagram of subject areas in the WOS database.
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Journal dual‑map overlay analysis identified three core knowledge‑flow pathways
(Figure 10, Table 5). Pathway 1 (Ecology/Earth Sciences—Chemistry/Materials/Computer
Sciences, Z‑score = 1.91) confirms the mainstream trend of integrating environmental, ma‑
terials, and digital technologies. Pathway 2 (Veterinary/Animal Sciences—Environmental/
Toxicology) highlights the importance of the specialized area of bio‑erosion. Pathway 3
(Mathematics/Systems Science—Mechanics/Economics, Z‑score = 3.57) corroborates the
foundational role of mechanical analysis while also revealing an emerging extension to‑
ward social sciences such as economics and policy. As shown in Figure 11 and Table 6,
the core knowledge hubs of this field are anchored by journals such as Journal of Cultural
Heritage and Construction and Building Materials. Notably, high‑frequency journals span
multiple disciplinary categories—ranging from civil engineering and construction tech‑
nology (Automation in Construction, Engineering Structures) to environmental science
and remote sensing (Remote Sensing, Sustainability). This distribution pattern indicates
that historic building research is undergoing a marked interdisciplinary expansion, inte‑
grating traditional conservation concerns with material science, digital technologies, and
sustainability‑oriented engineering.

Figure 10. The journal overlay chart of the WOS database.Note:The lines in the figure represent
citation relationships between journals. The f value annotated on each line indicates the raw citation
frequency from the citing literature to the cited journal (a higher frequency denotes a greater volume
of direct citations); the z value denotes the standardised intensity of that citation pathway (Z‑score),
with a higher z value indicating stronger statistical significance of the knowledge flow pathway.

Table 5. Journal Overlap Z‑score Values and f Values (WOS).

Rank Cite the Subject Category of
the Journal Cited Journal Discipline Category Z‑Score f

1 Ecology, Earth, Marine
Chemistry, Materials, Physics 1.9090556 819

Systems, Computing, Computer 1.8497607 801
Environmental, Toxicology, Nutrition 2.6502419 1044

2 Veterinary, Animal, Science Environmental, Toxicology, Nutrltion 2.2055302 909

3 Mathematics, Systems,
Mathematical

Mathematical, Mathematics,
Mechanics 3.569313 1323

Environmental, Toxlcology, Nutritlon 2.2351775 918
Economics, Economic, Political 2.264825 927
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Figure 11.Co‑citations of journals in the WOS database.

Table 6.The top 10 journals with the highest citation count (WOS).

Rank Freq Journal Name JCR Category Category Quartile
2024

Journal Citation
Indicator (JCI)

1 153 J CULT HERIT
Spectroscopy Q1

2.24Chemistry, Analytical Q2
Geosciences, Multidisciplinary Q2

Materials Science, Multidisciplinary Q2

2 108 SUSTAINABILITY‑
BASEL

Environmental Sciences Q2
0.67Environmental Studies Q2

Green & Sustainable Science &
Technology Q3

3 96 BUILD ENVIRON
Construction & Building Technology Q1

1.23Engineering, Civil Q1
Engineering, Environmental Q1

4 87 AUTOMAT CONSTR Construction & Building Technology Q1 1.88Engineering, Civil Q1

5 87 INT J ARCHIT HERIT Construction & Building Technology Q2 1.38Engineering, Civil Q2

6 84 ENERG BUILDINGS
Construction & Building Technology Q1

1.23Engineering, Civil Q1
Energy & Fuels Q2

7 83 J BUILD ENG Construction & Building Technology Q1 1.4Engineering, Civil Q1

8 82 CONSTR BUILD
MATER

Construction & Building Technology Q1
1.41Engineering, Civil Q1

Engineering, Multidisciplinary Q1

9 74 BUILDINGS‑BASEL Engineering, Civil Q2 0.62Construction & Building Technology Q2

10 69 APPL SCI‑BASEL
Engineering, Multidisciplinary Q2

0.53Chemistry, Multidisciplinary Q3
Materials Science, Multidisciplinary Q3

Physics, Applied Q3
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3.4. Interpretive Mapping of Bibliometric Themes onto the Established Conservation
Management Cycle

Five keyword clusters were identified in the WOS and CNKI databases respectively,
as shown in Figure 12, and each cluster was coded. Following the mapping method and
procedure described above, the cluster themes were mapped onto the international her‑
itage conservation management cycle.

 

Figure 12. Keyword Clustering and Keyword Co‑occurrence Heatmap for the Conservation and
Utilization of Historic Buildings in the Past Two Decades.Note:In the figure, the size of the nodes
represents the frequency of keyword occurrence; the larger the node, the higher the occurrence fre‑
quency of the corresponding keyword. The connecting lines between nodes indicate the network re‑
lationships among keywords. The colours in the heatmap below represent the distribution density of
keywords, with the colours red, yellow, and blue denoting densities from high to low, respectively.

3.4.1. Clusters Primarily Aligned with Risk Identification and Vulnerability Assessment

W3 and C1 received consistent agreement from both authors in their independent
judgments. The core keywords of W3—structural health monitoring, seismic assessment,
deterioration, vulnerability, crack, NDT—all point to the identification and analysis of
building defects, structural conditions, and safety vulnerabilities. Its research logic demon‑
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strates strong consistency with the requirements for risk identification and vulnerability
assessment set out in the ICCROM ABC Method for Risk Management, the methods for
threat identification and assessment in the ICCROM Guidelines for Disaster Risk Manage‑
ment of Cultural Heritage, and the technical pathways for building pathology diagnosis
articulated in Feilden’s Conservation of Historic Buildings. The content of C1—including
building pathology, disaster prevention and mitigation, seismic performance, dynamic
characteristics, and finite element analysis—similarly serves defect identification, disaster
impact analysis, and risk assessment, and also corresponds to the survey and evaluation
logic of the Principles for the Conservation of Heritage Sites in China and relevant risk
management theories. Both authors therefore determined that W3 and C1 primarily corre‑
spond to the logic of risk identification and vulnerability assessment.

The mapping of C3, however, involved some divergence. Author A argued that the
keywords in this cluster—“subway,” “ground transportation,” “vibration characteristics,”
“in‑situ measurement,” “numerical simulation,” “wind‑induced response”—indicate that
its research focus lies in identifying risks posed to historic buildings by traffic vibration,
construction disturbance, and seismic impact, corresponding to the identification and anal‑
ysis of external threats in ICCROM’s risk management methods. Author B, however,
pointed to the simultaneous presence of keywords such as “cultural relics protection in‑
stitutional system” and “legal guarantee” in this cluster, suggesting a connection with
governance and institutional support logic. Upon tracing back the keyword structure and
reviewing representative literature, it was found that the representative studies in this clus‑
ter are primarily concentrated on the assessment of structural responses to external factors
such as traffic and seismic events, with institutional/legal content appearing more as con‑
textual background. Accordingly, following Rule B, C3 was prioritized as corresponding
to the logic of risk identification and external disturbance assessment, while retaining its
secondary association with governance logic.

3.4.2. Clusters Primarily Aligned with Survey Documentation and
Intervention Implementation

The keywords in C2—reinforcement, repair, renovation, bearing capacity, durability,
and specific material/technique terminology—directly reflect research content at the level
of conservation engineering implementation. Their research focus—how to achieve the re‑
pair and strengthening of historic buildings through material and structural technologies—
forms a clear correspondence with the technical norms for restoration and reinforcement
set out in the Venice Charter, the provisions for conservation project implementation in the
Principles for the Conservation of Heritage Sites in China, and the fundamental principle
of “preserving the original state of cultural relics” in the Cultural Relics Protection Law of
the People’s Republic of China. C2 was therefore consistently identified as corresponding
to the logic of intervention implementation.

In addition, keywords such as “renovation” and “organic renewal” in C2, along with
studies related to load‑bearing capacity improvement and durability enhancement, indi‑
cate that this category of engineering technology does not always stop at defect remedia‑
tion or structural strengthening alone. For some historic buildings, repair and strengthen‑
ing also serve as the technical prerequisite for continued use, functional recovery, or ap‑
propriate upgrading. Both authors therefore agreed that this cluster also engages, in some
studies, with the logic of compatible use and renewal/renovation. On this basis, C2 was
ultimately prioritized under the intervention implementation dimension, while retaining
its secondary association with adaptive reuse.
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W1, with core keywords including laser scanning, point clouds, photogrammetry,
HBIM, and documentation, focuses on information acquisition, modelling, recording, and
archival construction through digital means. Its function demonstrates clear consistency
with the emphasis on heritage recording in the Burra Charter, the survey, mapping, and
archival requirements of the Principles for the Conservation of Heritage Sites in China, and
Feilden’s argument that “survey and recording are the foundation of conservation action.”
Both authors therefore agreed that W1 has a direct correspondence with the logic of survey
documentation and pre‑intervention preparation in conservation practice.

At the same time, however, both authors also agreed that W1 is not limited to prelimi‑
nary survey and static recording. In particular, research pathways such as HBIM and scan‑
to‑BIM have been further applied in some representative studies to condition updating,
information integration, maintenance decision support, and long‑term monitoring, which
links W1 to the logic of monitoring feedback, preventive maintenance, and long‑term man‑
agement. Author A placed greater emphasis on its function as an information acquisition
and archival foundation for intervention, while Author B highlighted the role of HBIM
and related technologies in supporting long‑term governance. Upon review by the third
author, it was determined that the core of W1 remains centred on digital recording and
information modelling, with its long‑term governance function manifesting more as an
extension of this technology into lifecycle management. W1 was therefore ultimately pri‑
oritized under the logic of survey documentation and pre‑intervention preparation, while
retaining its secondary association with long‑term governance.

3.4.3. Clusters Primarily Aligned with Adaptive Reuse and Functional Renewal

The keywords in W5—adaptive reuse, retrofit, refurbishment, maintenance, service
life—directly reflect the research orientation toward achieving continued use of historic
buildings through retrofitting and renewal. Its research logic demonstrates strong align‑
ment with Cantacuzino’s systematic exposition in New Uses for Old Buildings on adapting
old buildings for new functions, the principles of compatible use in the Burra Charter, and
the requirements for rational utilization in Chinese conservation standards.

Moreover, W5 is not limited to a single act of renovation. Keywords such as main‑
tenance, service life, and climate change indicate that some studies have extended from
functional renewal to maintenance arrangements, use sustainability, and environmental
adaptation throughout the full life cycle of buildings. This suggests that the cluster also
engages, to some extent, with how to sustain the long‑term operational state of buildings
after reuse, extend service life, and reconcile the relationship between conservation and
use. Both authors therefore agreed that it has a secondary connection with the logic of
preventive maintenance and long‑term governance.

C4, with keywords including revitalization, historic district, industrial heritage, con‑
servation, and cultural transmission, adopts a more contextualized terminological system,
but its core concern remains the contemporary transformation and sustained use of her‑
itage space under conservation premises. On this basis, both authors consistently iden‑
tified W5 and C4 as corresponding to the logic of compatible use, functional renewal,
and revitalization.

The mapping of W2 also involved some boundary considerations. This cluster ad‑
dresses building performance, thermal comfort, material improvement, and energy effi‑
ciency upgrading, with some studies exhibiting performance assessment characteristics
and others clearly oriented toward building renewal and use optimization. Author A
placed greater emphasis on its building performance assessment dimension, suggesting
a connection with risk identification logic; Author B, however, highlighted its energy
retrofitting and use performance improvement features, arguing for a closer alignment

https://doi.org/10.3390/buildings16153085

https://doi.org/10.3390/buildings16153085


Buildings 2026, 16, 3085 21 of 40

with functional renewal and adaptive reuse logic. Upon review of representative litera‑
ture, it was found that the majority of studies in this cluster do not focus on defect identifi‑
cation of cultural heritage, but rather on how to improve the contemporary environmental
conditions and performance of existing buildings under conservation constraints. It was
therefore ultimately prioritized as corresponding to the logic of compatible use and re‑
newal/renovation, while retaining its association with the logic of technical intervention.

3.4.4. Clusters Primarily Aligned with Preventive Maintenance and
Long‑Term Governance

W4 and C5 primarily correspond to the logic of preventive maintenance, monitoring
feedback, and long‑term management in heritage conservation, though C5 exhibits a more
complex pattern of multiple affiliations.

The keywords in W4—preventive conservation, models, decision‑making, GIS, cli‑
mate, sustainable development—indicate that its research focus lies in supporting long‑
term conservation through predictive models, simulation analysis, and decision support
tools, showing strong consistency with the ICCROM Preventive Conservation methodol‑
ogy, the UNESCO framework for long‑term management and feedback mechanisms, and
the requirements for ongoing management and maintenance in English Heritage Conser‑
vation Principles.

At the same time, some studies in W4 also involve model‑based scenario prediction,
environmental impact analysis, and decision pre‑assessment, whose methodological ob‑
jectives serve, to some extent, the early identification, avoidance, and control of risks. Both
authors therefore agreed that W4, while primarily belonging to the logic of sustainable
governance, also forms a secondary association with the risk assessment dimension.

C5—with keywords including Internet of Things, early warning systems, fire safety
planning, and planning control—reflects a comprehensive research orientation encompass‑
ing institutional development, intelligent monitoring, risk early warning, and planning
control. However, both authors also noted that C5 is not a purely governance‑oriented
cluster. On the one hand, content such as structural health monitoring, early warning sys‑
tems, fire detection, and settlement monitoring clearly serves risk identification and early
warning, thus having a direct connection with risk assessment logic. On the other hand,
the presence of keywords such as “core heritage values” indicates that some studies in
this cluster have also addressed the identification of core values, value maintenance, and
value‑oriented management issues, thereby establishing a connection with the value recog‑
nition dimension. Author A placed greater emphasis on the governance attributes of its
monitoring–early warning–control system, while Author B noted that it simultaneously ex‑
hibits characteristics of “governance oriented by core values.” Upon review of representa‑
tive literature by the third author, it was determined that the keyword centre and research
emphasis of C5 remain more stably directed toward long‑term management, monitoring
feedback, and institutional control. It was therefore ultimately prioritized under the logic
of preventive maintenance and long‑term governance, while retaining its secondary asso‑
ciations with both risk assessment and value recognition.

In summary, the clusters formed relatively clear but not unilinear correspondences
with international heritage conservation theories, with the specific mapping results pre‑
sented in Table 7.
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Table 7.Mapping of each cluster.

Code Core Keywords/Semantic
Focus

Primary Thematic
Dimension Secondary Relevance Justification

W1
laser scanning, point

clouds, photogrammetry,
HBIM, documentation,

scan‑to‑BIM

Survey documentation
and intervention
implementation

Long‑term governance

Centered on digital acquisition,
surveying, modelling, and

archival construction, directly
corresponding to heritage

survey documentation,
investigation and mapping, and
pre‑intervention preparation;

some literature extends to
condition updating,

maintenance decision‑making,
and long‑term management

W2
thermal comfort, energy

efficiency, insulation
materials, durability,

design, behavior

Adaptive reuse and
functional renewal Technical intervention

Focuses on improving
contemporary performance,
thermal comfort, and energy
efficiency under conservation

constraints

W3
structural health

monitoring, seismic
assessment, deterioration,
vulnerability, crack, NDT

Risk identification and
vulnerability
assessment

None

Directly addresses defect
identification, structural

condition diagnosis, and safety
vulnerability analysis,

consistent with the logic of risk
identification, threat assessment,

and building pathology
diagnosis

W4
preventive conservation,

GIS, models,
decision‑making, climate,
sustainable development

Preventive
maintenance and

long‑term governance
Risk assessment

Centered on predictive tools,
simulation, decision support,

and long‑term feedback
mechanisms, corresponding to

preventive conservation,
long‑term maintenance, and

governance frameworks; some
studies simultaneously address
risk prediction and risk control,
hence a secondary relevance to
the risk assessment dimension

W5
adaptive reuse, retrofit,

refurbishment,
maintenance, service life,

climate change

Adaptive reuse and
functional renewal

Sustainable
governance

Directly organized around
continued use, functional

conversion, and retrofitting,
consistent with the logic of

compatible use and adaptive
reuse

C1

building pathology,
disaster prevention and

mitigation, seismic
performance, dynamic
characteristics, finite

element analysis

Risk identification and
vulnerability
assessment

None

Primarily serves defect
identification, disaster impact
analysis, and risk assessment,
corresponding to the logic of
survey/evaluation and safety

risk analysis

C2
reinforcement, repair,
renovation, bearing
capacity, durability,
grouting, jacking

Survey documentation
and intervention
implementation

Adaptive reuse

Directly reflects the
implementation level of

conservation engineering,
including repair, strengthening,

and structural intervention,
corresponding to the norms of
restoration, reinforcement, and

project delivery

C3

subway, ground
transportation, vibration
characteristics, in‑situ

measurement, numerical
simulation, wind‑induced
response, legal guarantee

Risk identification and
vulnerability
assessment

Sustainable
governance

Representative studies
primarily focus on structural
response assessment under

traffic vibration, construction
disturbance, and seismic impact;

institutional/legal content
appears as contextual

background
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Table 7.Cont.

Code Core Keywords/Semantic
Focus

Primary Thematic
Dimension Secondary Relevance Justification

C4
revitalization, historic

district, industrial heritage,
conservation, cultural
transmission, open use

Adaptive reuse and
functional renewal None

Core concern is spatial
transformation, revitalization,

and continued use under
conservation premises

C5

Internet of Things, early
warning systems, fire

safety planning, planning
control, immovable

cultural heritage, core
heritage values

Preventive
maintenance and

long‑term governance
Risk assessment; value

recognition

Supports sustained
conservation through

institutional development,
intelligent monitoring, early

warning, and planning control;
simultaneously touches upon

risk early warning and
value‑oriented management

3.4.5. Normative Supplementation

During the mapping process, it was observed that whether in the Burra Charter’s
emphasis on “understanding cultural significance,” the Principles for the Conservation of
Heritage Sites in China’s provisions on the status of value assessment, or the Cultural Relics
Protection Law of the People’s Republic of China’s requirements for heritage value deter‑
mination [45], all position “value recognition” as the starting point of conservation action.
However, among the ten keyword clusters in this study, no independent thematic cluster
centred on value identification, value assessment, or cultural significance interpretation
emerged. Further examination of the keyword co‑occurrence network and representative
literature revealed that value‑related content is not entirely absent, but is embedded in
a dispersed manner across different clusters. For example, the appearance of keywords
such as “core heritage values” in C5 indicates that value maintenance has entered some
governance and monitoring studies; value judgment, conservation classification, and use
decision‑making‑related expressions can also be found in W4, W5, and some representa‑
tive literature. This suggests that value recognition, although not identified as an inde‑
pendent cluster through bibliometric analysis, is already substantively present in existing
research and, within the international heritage conservation theory and normative frame‑
work, constitutes a prerequisite for conservation and utilization research. Therefore, in
accordance with Rule C above, it is incorporated into the framework as an interpretive di‑
mension for organising and understanding the logical relationships among cluster themes,
rather than as an empirically determined research theme.

3.4.6. Summary

Based on the above mapping results, to more clearly discuss the relationships among
these thematic groups, the paper further draws on the common logic of international her‑
itage management to construct a research framework for the conservation and utilization
of historic buildings, as shown in Figure 13. The framework consists of five dimensions:
value recognition, risk assessment, conservation intervention, adaptive reuse, and sustain‑
able governance. Among these, value recognition serves as the interpretive starting point
of the framework to supplement the analysis of the preceding value dimension, while the
other four dimensions are clusters directly identified through bibliometric analysis.

Value Recognition: Addresses the question of why conserve and what values to sus‑
tain. Risk Assessment: Identifies the natural, structural, environmental, social, and man‑
agerial threats affecting heritage values. Conservation Intervention: Involves technical
actions such as stabilization, restoration, structural reinforcement, and maintenance, un‑
dertaken in accordance with principles of authenticity, integrity, and minimal interven‑
tion. Adaptive Reuse: Realizes the appropriate transformation of functions and spaces to
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extend heritage value into contemporary social life. Sustainable Governance: Provides the
institutional, technological, participatory, and monitoring mechanisms required to sup‑
port long‑term management.

Figure 13. Iterative lifecycle framework for historic building conservation and utilization.

This framework should not be understood as a simple linear sequence. Rather, it
represents an iterative lifecycle system in which each pillar interacts with and feeds back
into the others. Value Recognition provides the evaluative benchmark for risk diagnosis,
intervention decision‑making, and reuse strategies. Risk Assessment informs conserva‑
tion priorities and intervention intensity. Conservation Intervention and Adaptive Reuse
may generate new monitoring data and management requirements. Sustainable Gover‑
nance functions as an overarching enabling mechanism that coordinates policy, technol‑
ogy, stakeholder participation, and feedback‑based management across the entire process.
In this sense, the framework integrates fragmented research themes into a coherent analyti‑
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cal model for understanding historic building conservation and utilization as a continuous
process of cognition, diagnosis, intervention, use, governance, and renewed cognition.

4. Discussion: Cross‑Database Divergences, Key Issues, and
Future Directions

Having identified the research themes and mapped them onto the conservation man‑
agement cycle, this chapter further turns to the interpretation and extension of these re‑
sults. First, in conjunction with the keyword co‑occurrence (Figure 12) and burst detection
(Figure 14) results, as well as the content of representative literature, the research evolu‑
tion, research foci, major issues, and future research directions are discussed around five
thematic dimensions. The discussion of future research directions is structured at sev‑
eral levels: the first consists of research trend judgments that can be directly supported
by bibliometric results; the second consists of interpretive judgments formed by combin‑
ing representative literature and heritage conservation theory; and the third consists of
forward‑looking research suggestions based on the available evidence. Through this strat‑
ified exposition, the aim is to propose subsequent issues of heuristic value for research
on the conservation and utilization of historic buildings, while maintaining evidence con‑
straints. Second, the differences between WOS and CNKI literature in thematic presenta‑
tion and research pathways are compared. Third, the positioning of this study is clarified
through comparison with related review studies. Finally, a future research agenda is pro‑
posed based on the limitations of this study.

 

Figure 14. Keywords with the Strongest Citation Bursts in CNKI (left) and WOS (right).Note:The
blue lines in the figure represent the overall time span of each keyword within the analysed pe‑
riod, with ’year’ indicating the time of its occurrence; the red lines denote the burst period of the
keyword, during which its frequency experienced explosive growth within that time interval, with
’begin’ marking the start of the burst and ’end’ marking the conclusion of the burst.

4.1. Research Progress, Hotspots, and Future Directions of the Five Thematic Dimensions from
the Perspective of the Established Conservation Management Cycle
4.1.1. Value Recognition: From Static Value Classification to Dynamic
Human‑Centred Perception

Current research on value recognition has expanded beyond the traditional triad of
historical, scientific, and artistic values to incorporate socio‑economic and cultural dimen‑
sions [46–51]. This evolution implies that the value of historic buildings is no longer un‑
derstood purely as an inherent attribute of static physical fabric, but is increasingly under‑
stood as something negotiated through historical context, social use, collective memory,
and stakeholder perception.
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Compared with this expansion of value typologies, methods for value identification
and assessment still lag behind. Most studies still rely on expert judgement, textual in‑
terpretation, and static classification. Although quantitative methods such as AHP and
multi‑criteria evaluation have been introduced into historic building value assessment,
they are better suited to attributes that can be indexed and compared; they are still rel‑
atively limited in capturing “soft values” such as symbolic meaning, place attachment,
identity, and spatial memory [52]. Moreover, existing studies have paid insufficient at‑
tention to the properties of value itself. Value is context‑dependent, dynamic, and subject
to different stakeholder perspectives. Its significance attaches to specific spatial settings,
historical layering, and social relationships, and changes with shifts in policy goals, social
perceptions, and modes of use. Different stakeholders may also perceive the value of the
same building differently. Traditional value assessments cannot quantify or identify the
dynamic process through which value is perceived and constructed in use, experience, and
social interaction.

The emergence of burst keywords such as “behavior” (2018–2020), “environment”
(2022–2023), and “comfort” (2022–2023) in both CNKI and WOS reflects that research atten‑
tion is gradually expanding from the “building object” itself toward the “human–building–
environment” interaction [53–55]. This bibliometric pattern suggests that value research is
moving from abstract classification toward a stronger emphasis on experience, perception,
and use context.

However, combined with an examination of the actual state of research and analysis
of representative literature, the limitation of current studies lies in the lack of systematic
methodologies to capture this dynamic, human‑centred dimension of value. Current ap‑
proaches can neither track how value perceptions evolve throughout the adaptive reuse
lifecycle nor quantify how spatial configurations influence user experience. To address
these limitations, it is suggested that future research could further explore: (1) constructing
a full‑cycle dynamic value assessment model capable of tracking value evolution across dif‑
ferent phases of conservation and reuse; and (2) introducing methods such as space syntax,
post‑occupancy evaluation, behavioral mapping, and, where appropriate, eye‑tracking ex‑
periments to quantify the impact of architectural spatial morphology on user behavior and
emotional perception, thereby translating abstract cultural value into measurable spatial
quality indicators.

4.1.2. Risk Assessment: From Defect Identification to Multi‑Scale Risk Prediction

Whereas value recognition defines what to conserve, risk assessment focuses on
what threats these values are facing and how those threats evolve. Risk assessment
has progressed from empirical observation toward scientific detection utilizing technolo‑
gies such as laser scanning and point clouds [56,57]. However, existing diagnoses
largely remain “post‑event” descriptions, with limited “pre‑event” predictive capacity—
particularly within the context of macro‑environmental change. The burst keywords “cli‑
mate change” (strong burst since 2023) and “micro‑environmental parameters” (burst in
2022) collectively signal that research attention is pivoting from isolated defect identi‑
fication toward multi‑scale environmental coupling [58–62]. This shift reflects a grow‑
ing recognition that deterioration processes are driven not merely by localized material
failures but by complex interactions between macro‑climatic forces and building‑scale
micro‑environments.

The critical gap lies in the lack of integrated models that translate this awareness
into predictive capability. Current studies typically address either global climate projec‑
tions or localized material decay, with few attempts to connect hazard, exposure, vul‑
nerability, and material response within a causally robust multi‑scale framework. It is
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therefore suggested that future efforts could be directed toward the following areas: (1)
developing hazard mechanism models that couple macro‑climate projections with micro‑
environmental parameters to simulate material degradation and structural response under
long‑term environmental stress; and (2) constructing AI‑powered early warning systems
using machine learning and deep learning to achieve precise prediction of deterioration
locations and evolutionary trajectories, thereby enabling proactive rather than reactive
intervention [40–42,63].

4.1.3. Conservation Intervention: From Single‑Point Technical Application to Full‑Process
Digital Workflow

Unlike risk assessment, which emphasises identification and judgement, conservation
intervention addresses how to act. Viewed from the evolution of research, this field has
developed relatively mature conservation principles and technical knowledge. Principles
such as authenticity, minimal intervention, reversibility, integrity, and safety constitute the
fundamental value boundaries of intervention, while traditional craftsmanship, structural
reinforcement, new materials, and digital technologies continuously expand the available
means of implementation. However, the main problem in current research is no longer
“whether technology is available”, but how to integrate multi‑source information, compare
alternatives, and form a traceable decision‑making logic under value constraints. Existing
research predominantly consists of feasibility validation for isolated technologies, lacking
comprehensive data integration and coordination mechanisms spanning survey, design,
construction, and operation and maintenance [64]. This shift is also reflected in the evo‑
lution of relevant keywords. The successive bursts of keywords such as “methodology,”
“documentation,” and “HBIM” indicate a growing demand for standardized, integrated
digital workflows [31,65,66]. This does not mean that traditional conservation techniques
are being replaced by digitalisation, but rather that the research community is increasingly
aware that the truly difficult part of historic building conservation is often not any single
technical measure, but the information fragmentation that occurs across different stages,
disciplines, and sources of evidence.

To address this need, based on the existing keyword burst detection results and the
content of relevant literature, it is suggested that future research could prioritize the follow‑
ing: (1) establishing an HBIM‑based decision support system for conservation interven‑
tions, integrating historical documentation, defect data, material information, and struc‑
tural analysis results to enable visualized comparison of alternative solutions; (2) develop‑
ing a full‑process digital conservation methodology covering data acquisition (laser scan‑
ning) to digital reconstruction, ensuring lossless information transfer and efficient interdis‑
ciplinary collaboration; and (3) exploring the compatibility and complementarity between
traditional materials (e.g., traditional mortar, traditional grey fired brick) and modern tech‑
nologies (e.g., nano‑modified materials, biomineralization reinforcement) to avoid the pit‑
fall of technological determinism [67,68] and ensure that digital advances serve rather than
supplant heritage values [30,69].

4.1.4. Adaptive Reuse: From Model Exploration to Performance‑Oriented
Evidence‑Based Design

Adaptive reuse concerns how historic buildings enter contemporary social life while
continuing their historical value. Research on adaptive reuse has moved beyond simple
functional replacement toward a phase focused on achieving comprehensive
benefits [70–75]. However, the vast majority of studies remain confined to qualitative case
analyses, lacking evidence‑based design supported by quantitative performance evalua‑
tion, such as energy simulation, thermal comfort assessment, and structural health moni‑
toring. The burst keywords “energy efficiency” (with a burst strength of 3.81) and “com‑
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fort” reveal a fundamental tension at the core of contemporary adaptive reuse practice:
how to satisfy modern demands for green, healthy, and comfortable use while preserving
historical character [76–78]. In other words, reuse is no longer simply a matter of “finding
a new function”; rather, it requires demonstrating that the function and its accompanying
intervention achieve a relatively reasonable balance among environmental performance,
user experience, and value continuity. At present, however, performance simulation, ther‑
mal comfort analysis, and similar tools remain in fragmented application and have not yet
formed a systematic evidence‑based design logic.

Moreover, adaptive reuse entails risks that go beyond the technical level of the build‑
ing. Tourism‑oriented and commercially driven reuse often lead to excessive commercial‑
isation, tourist pressure overload, and dilution of local cultural meaning. This indicates
that the success of reuse cannot be measured solely by economic returns or spatial renewal
effects; it must also examine whether the material, symbolic, and experiential thresholds
of the building and place have been exceeded. The difficulty that current research has in
providing more generalisable guidance stems, on the one hand, from the wide variation in
building typologies, protection grades, and functional goals, and on the other hand, from
the marked lack of long‑term feedback mechanisms after reuse: studies often focus on
“how to transform” but rarely track “how it actually performs after transformation”.

Therefore, based on the observed trends, it can be inferred that future research could
shift from pattern induction to evidence‑based optimization. First, performance‑oriented
reuse design research should be strengthened, introducing assessments of energy con‑
sumption, thermal environment, daylighting, and structural safety at early design stages,
so that design decisions are based on verifiable performance evidence rather than case ex‑
perience and formal judgement alone. Second, a closed‑loop mechanism of conservation–
use–monitoring–feedback should be established, introducing tools such as SHM, IoT, and
post‑occupancy evaluation into the operational phase to dynamically identify the impacts
of use activities on structural condition, environmental quality, and user experience, and
adjusting the intensity and management strategies of reuse accordingly. Third, cross‑case
comparative studies are needed to extract conditional regularities concerning functional
compatibility, carrying capacity thresholds, and the use of revenue to support conserva‑
tion, across different building types and reuse models [79–85]. Only when reuse research
moves from “feasibility discussion” to “effectiveness verification and dynamic correction”
will its support for the long‑term preservation of historic buildings become clearer.

4.1.5. Sustainable Governance: From Technical Monitoring to Multi‑Stakeholder
Collaborative Governance

If the preceding four themes respectively address why to conserve, what risks, how to
intervene, and how to use, then sustainable governance concerns how these components
are continuously connected, coordinated, and corrected over the long term. Recent studies
have widely emphasised that historic building conservation cannot stop at one‑off repair
projects, but should shift to a long‑term governance logic based on preventive conservation,
routine management, and multi‑party collaboration [86]. It can be seen that sustainable
governance is not merely the final step of the conservation management cycle, but rather
the institutional and organisational condition that enables the preceding components to
operate continuously.

From existing research, a notable advance in the governance domain has been the
rapid expansion of monitoring technologies. Methods such as structural health monitor‑
ing, IoT, real‑time warning systems, and digital platforms have been widely used for long‑
term condition tracking. However, the construction of technical systems does not auto‑
matically translate into enhanced governance capacity. Many monitoring projects con‑
tinuously generate data but fail to translate that data into clear risk levels, intervention
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thresholds, or management actions. Many digital platforms achieve data aggregation but
lack stable updating mechanisms, clear distribution of responsibilities, or institutional pro‑
cesses [87–89]. It can be seen that much current research and practice still stays at the level
of “technically monitorable” without truly achieving “governable decisions”.

The bibliometric results of burst keywords such as “management” and “strategy” in‑
dicate that governance research is shifting from purely technological devices toward a man‑
agement and strategy orientation [90,91]. Further analysis, in conjunction with relevant
studies, reveals that many challenges in long‑term conservation are not simply technical
failures but result from governance fragmentation: administrative departments, profes‑
sional bodies, local communities, property owners, and market actors often lack stable
coordination; monitoring, assessment, repair, and use management are often the respon‑
sibility of different departments with little integration; and emergency response, routine
maintenance, and long‑term planning lack coherent articulation. Therefore, the real diffi‑
culty of sustainable governance is not adding more sensors, but embedding monitoring,
judgement, intervention, and feedback into a sustainably functioning governance system.

The critical challenge, therefore, is twofold: converting monitoring data into decision
intelligence, and bridging the institutional gaps among disparate governance actors. To
address this dual challenge, based on the keyword burst detection results and the content
of relevant literature, it is suggested that future research could focus on: (1) constructing a
“monitoring data–risk assessment–intervention decision–real‑time feedback” monitoring–
assessment–intervention feedback loop and ensuring its long‑term operation through insti‑
tutionalized processes [92–95]; (2) deepening research into the micro‑mechanisms of poly‑
centric governance, understood as a governance arrangement in which multiple relatively
autonomous decision‑making centers—such as administrative bodies, professional agen‑
cies, local communities, and market actors—coordinate under shared rules and account‑
ability mechanisms, exploring the coordination pathways and power boundaries among
government entities, professional institutions, communities, and the public to overcome
the collaborative impasse arising from fragmented institutional arrangements [96–104];
and (3) directly addressing the “climate change” challenge by developing a long‑term risk
assessment and adaptive management framework oriented toward climate change scenar‑
ios, integrating preventive conservation, emergency response, and post‑disaster recovery
into a unified resilient governance system [60].

4.2. Cross‑Database Comparison of WOS and CNKI Literature

Having discussed the research evolution of the five thematic dimensions separately,
a further question is whether these themes exhibit different degrees of salience and dif‑
ferent research pathways across the two databases. This section draws on the results of
keyword co‑occurrence, clustering (Figure 12), and burst detection (Figure 14) to conduct
a comparison between the WOS and CNKI databases. Keyword burst detection is used
to identify terms whose frequency surges dramatically within a specific time period, re‑
vealing the emergence of research frontiers, shifts in hotspots, and emerging trends. Key‑
word co‑occurrence, through the statistical analysis of high‑frequency keywords and their
co‑occurrence relationships, identifies core topics and research hotspots within the field.
Keyword clustering groups closely related keywords in the co‑occurrence network into
thematic clusters, distilling representative research directions and delineating knowledge
sub‑domains. Together, these three approaches constitute the bibliometric evidence base
for the comparative analysis. In conjunction with representative literature from the two
databases, the aim is to reveal the similarities and differences between the two databases
in terms of salience and research pathways, rather than to judge their research priorities
or relative academic standing.
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4.2.1. Comparison of Thematic Distribution

Synthesizing the above thematic mapping results, it can be seen that the cluster struc‑
tures of WOS and CNKI can, to some extent, be aligned with the key stages of historic
building conservation and utilization. However, the degree of salience across different
thematic dimensions is not entirely consistent between the two databases. First, within
the current search scope and co‑word analysis framework, the value recognition dimen‑
sion does not form a clear, stable independent cluster in either database, and tends to
appear less frequently as a standalone high‑frequency core term, being more often embed‑
ded within discussions of risk assessment, conservation intervention, utilization strategies,
or management.

Nevertheless, beneath this commonality, subtle differences between the two databases
can be observed. Compared with WOS, the background visibility of value‑related dis‑
course is slightly higher in CNKI. For example, although terms such as “core heritage
values” and “authenticity” do not form independent clusters, they still retain a certain
conceptual presence and are linked to issues such as classification‑based utilization, open
use, and conservation principles. In contrast, in WOS, value‑oriented terminology does not
exhibit a level of salience comparable to that of risk, repair, or utilization; such issues are
more often embedded within comprehensive frameworks such as “management,” “preser‑
vation,” “adaptive reuse,” and “sustainability,” functioning as preconditions for technical
analysis, maintenance management, or use decisions. This suggests that value recognition
in both databases operates more as an embedded dimension than as a highly cohesive inde‑
pendent theme, although the connection between value discourse and specific intervention
or utilization practices appears relatively more observable in CNKI.

Beyond value recognition, risk assessment and conservation intervention are the the‑
matic dimensions that are consistently prominent in both WOS and CNKI. High‑frequency
keywords and representative literature from both databases indicate that the field has long
been organized around defect identification, structural safety, pathology diagnosis, con‑
servation techniques, and intervention decisions. In WOS, terms such as “vulnerability,”
“seismic assessment,” “structural health monitoring,” “performance,” “deterioration,” and
“restoration” exhibit high visibility. In CNKI, terms such as “seismic performance,” “seis‑
mic strengthening,” “structural health monitoring,” “disaster prevention and mitigation,”
“fire detection,” “fire safety planning,” and “real‑time early warning” also form strong the‑
matic associations. This indicates that research centred on building condition assessment
and risk control has achieved a certain level of development in both databases. In con‑
trast, although adaptive reuse and sustainable governance show increasing trends in both
databases, their conceptual maturity, thematic concentration, and research entry points are
not identical.

4.2.2. Similarities and Differences in Research Methods

Despite differences in linguistic conventions between WOS and CNKI, methodolog‑
ical expressions exhibit greater stability and better comparability than thematic concepts.
The comparison of methodological dimensions can therefore, to some extent, reflect differ‑
ences in knowledge production pathways between the two literature systems.

The methodological framework in WOS presents a relatively clear chain of digital
survey—modelling and representation—performance simulation. High‑frequency and
burst keywords—including “laser scanning,” “laser scanner,” “photogrammetry,” “point
clouds,” “scan‑to‑BIM,” “HBIM,” “simulation,” “documentation,” “segmentation,” and
“virtual reality”—indicate that international research tends to ground the study of historic
buildings on the technological chain of digital acquisition, 3D modelling, semantic trans‑
lation, and information integration. These methods typically serve not only the record‑
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ing of building morphology but are also combined with subsequent performance analysis,
maintenance management, and decision support, maintaining a strong linkage between
technical tools and knowledge production.

The methodological framework of CNKI literature, in contrast, more prominently
features a pathway of engineering monitoring—numerical analysis—risk early warning.
Its high‑frequency and burst keywords include “numerical simulation,” “numerical mod‑
elling,” “finite element analysis,” “time‑history analysis,” “modal analysis,” “in‑situ mea‑
surement,” “structural health monitoring,” “real‑time early warning,” “scanning electron
microscopy,” and “Internet of Things.” Relevant representative studies—such as method‑
ological explorations of multi‑level early warning based on real‑time monitoring data,
and assessments of fire‑fighting and rescue capabilities for historic buildings in forest
environments—further indicate that research in CNKI is more centred on engineering sce‑
narios, directly applying monitoring, testing, simulation, assessment, and planning meth‑
ods to specific risk diagnosis and conservation decisions. Moreover, CNKI data also re‑
flect a sustained attention to traditional materials and craftsmanship: the co‑occurrence
and burst of keywords such as “reinforcement,” “repair,” “traditional mortar,” and “hand‑
made grey brick” suggest that domestic research, while introducing modern technological
means, continues to place high importance on the performance validation of traditional
materials and the continued use of traditional techniques, forming a research landscape in
which modern testing technologies and traditional restoration practices operate in parallel.

In terms of commonalities, both databases make extensive use of quantitative techni‑
cal methods, with particular emphasis on condition assessment, risk analysis, performance
simulation, and decision support methods; methodological expressions such as monitor‑
ing, modelling, and simulation/system are visible in both. This indicates that research
on the conservation and utilization of historic buildings has, to a large extent, gradually
shifted from experience‑based description toward a technology pathway supported by
monitoring–modelling–analysis–decision.

In terms of differences, WOS places greater emphasis on front‑end data acquisition,
information representation, and model integration, gradually forming a relatively com‑
plete digital heritage technology spectrum. CNKI, by contrast, places greater emphasis on
engineering problem‑oriented analytical problem‑solving and safety management, with
methods often closely coupled with practical issues such as seismic resistance, fire safety,
pathology, early warning, and strengthening. This difference in research methods does
not imply that one approach is more advanced than the other; rather, it reflects two dis‑
tinct knowledge production pathways: the former tending toward technical framework de‑
velopment and platform building, the latter toward engineering adaptation and problem‑
driven application.

4.2.3. Future Research Directions Based on the Comparison

Building on the above comparison of thematic distribution and methodological path‑
ways between WOS and CNKI literature on the conservation and utilization of historic
buildings, the similarities and differences identified not only reveal patterns across the
two databases but also point toward several directions for future research.

First, further research can be promoted on the value recognition of historic buildings.
The reason why historic buildings need to be conserved, repaired, utilized, and managed
is, first and foremost, because they are considered to “have value.” Value recognition is the
logical starting point of historic building conservation. Historic buildings typically possess
multiple values. Effective value recognition can provide a basis for conservation decisions,
offer a reference for the prioritisation of conservation actions, give meaning to risk assess‑
ment, set boundaries for repair and intervention, provide criteria for adaptive reuse, and
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offer goal orientation for long‑term governance and management. Without the identifica‑
tion, interpretation, and prioritisation of value, subsequent risk assessment, conservation
intervention, functional renewal, and governance decisions risk losing their rationale and
being reduced to mere technical processing, potentially leading to situations that are “tech‑
nically correct but conservation‑inappropriate.”

Second, future research can further advance the cross‑integration and synergistic ap‑
plication of multiple methods, with particular emphasis on the effective articulation among
digital information platforms, engineering monitoring and analysis, and research on tradi‑
tional materials and techniques. The objects of historic building conservation and utiliza‑
tion are characterised by material complexity, multi‑source pathologies, value multiplic‑
ity, and variable use contexts. A single method can typically cover only one link in the
chain—whether recording, diagnosis, simulation, repair, or management—and is insuffi‑
cient to support full‑process decision‑making from value judgment through engineering
implementation to long‑term maintenance. By integrating methods such as digital sur‑
veying, information modelling, monitoring and early warning, numerical analysis, and
traditional material performance testing and repair technique validation, not only can the
accuracy of building information acquisition, defect identification, and risk assessment be
improved, but the compatibility between intervention measures and historical materials,
traditional practices, and actual use requirements can also be enhanced. This approach
helps to avoid the decoupling of digitalisation from engineering practice and the discon‑
nection between modern technologies and traditional craftsmanship, thereby advancing
research on the conservation and utilization of historic buildings from single‑link analysis
toward full‑process synergy.

4.3. Comparison with Existing Review Studies and Positioning of This Study

The preceding analysis shows that research on historic building conservation and util‑
isation is not only unevenly developed across different thematic dimensions, but also ex‑
hibits notably different modes of problem organisation and knowledge‑production path‑
ways between WOS and CNKI. This further suggests that a review design based on a sin‑
gle database, a single language, or a single issue often cannot simultaneously reveal the‑
matic evolution, cross‑database differences, and the underlying institutional and discur‑
sive mechanisms. Recognising this, it is necessary to position this study within the broader
landscape of review research, and to clarify the relative contribution of its methodological
design and research approach.

Judging from review studies published in Buildings and related journals in recent
years, PRISMA systematic reviews, bibliometric analyses, and content classification have
become relatively common review pathways in the built environment research field. These
studies have clear advantages in mapping knowledge structures, identifying hotspot evo‑
lution, and synthesising research problems. However, most are still concentrated on a
single theme, a single database, or a specific country/regional context. For example, some
studies focus on specific topics such as modular construction, urban infrastructure cascad‑
ing disasters, or barriers to prefabricated construction. Through PRISMA or bibliometric
methods, they achieve relatively clear knowledge synthesis, but their research objects are
usually singular, they rarely involve cross‑lingual literature integration, and they do not
address the full cycle of cultural heritage conservation and utilisation or the processual
relationships among themes.

Against this background, the research design of this study offers three supplementary
contributions. First, in terms of data sources, it simultaneously includes CNKI and WOS
literature, attempting to integrate Chinese and English research within a single analytical
framework. This makes it possible not only to identify research hotspots and evolution
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trends, but also to reveal differences in problem priorities and knowledge organisation
across different linguistic and institutional contexts. Second, in terms of methodological
pathway, it does not stop at pure bibliometric description. Based on PRISMA screening
and keyword map analysis, it further introduces interpretive mapping, aligning the lit‑
erature themes with the established conservation management cycle, thereby enhancing
the explanatory power from “co‑occurrence results” to “theoretical structural understand‑
ing”. Third, in terms of research objectives, it does not focus on a single technology, a
single reuse model, or a single governance issue. Rather, it attempts to understand the
thematic structure, evolution trajectory, and key gaps in historic building research within
a relatively complete conservation‑utilisation chain.

Therefore, the difference between this study and existing review studies lies not only
in the selection of research objects, but more fundamentally in the review logic itself. Ex‑
isting studies typically answer, through systematic review or bibliometric methods, ques‑
tions such as “what has been studied on a given topic and how has it evolved”. This study
additionally attempts to answer “how these studies are organised within the conservation
management process”, “why different databases present different thematic pictures”, and
“what this means for future research”. In this sense, this study is not simply adding another
review case, but seeks to address the current gaps in cross‑database comparison and inte‑
gration of conservation management logic through cross‑lingual data integration, method
combination, and theoretical mapping.

Given space constraints, this study does not provide a detailed discussion of every
relevant review study. Instead, Table 8 summarises and compares representative studies
with respect to research object, data sources, methodological pathway, and main differ‑
ences from this study. The purpose of the table is not to provide an exhaustive review, but
to illustrate that, against a backdrop where existing reviews generally focus on a single
theme or a single database, the main incremental contribution of this study lies in com‑
bining cross‑lingual literature comparison with an interpretive mapping onto the conser‑
vation management cycle, thereby offering a more integrated perspective for understand‑
ing the overall structure of historic building conservation and utilisation research and its
knowledge‑production differences.

Table 8.Comparison of this study with related review studies in terms of data sources, methodolog‑
ical pathways, and research contributions.

References Research Field Data Sources Review Method Main Characteristics Main Differences from This
Study

[105] Modular
construction Scopus + WOS PRISMA systematic

review

Systematic synthesis of
modular building
research around

dimensions such as
digital tools,

sustainability, and
project phases.

Focuses on a single
construction theme; although
multi‑database, only includes
English literature; does not

address cross‑lingual
integration nor the

management logic and
thematic mapping in cultural

heritage conservation and
utilisation.

[106] Urban infrastructure
cascading disasters WOS

Bibliometric analysis
+ thematic
framework
construction

Emphasises knowledge
structure identification,

research hotspot
clustering, and evolution

pathway analysis;
constructs a thematic

conceptual framework.

Relies on a single
international database;

research object is not cultural
heritage conservation and

utilisation; does not address
cross‑database comparison
or institutional/contextual

differences.
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Table 8.Cont.

References Research Field Data Sources Review Method Main Characteristics Main Differences from This
Study

[107] Prefabricated
construction

Scopus +
ScienceDirect

PRISMA systematic
review + content
classification +
MMAT quality

assessment

Emphasises barrier
identification, PESTLE
classification, evidence

synthesis, and
methodological quality

assessment.

Focuses on identifying and
classifying barriers to a
specific issue; although

adopting a PESTLE
framework, does not further

combine bibliometric
mapping with

process‑oriented interpretive
thematic mapping, nor does

it include cross‑lingual
literature integration.

This study
Conservation and

utilisation of historic
buildings CNKI + WOS

PRISMA systematic
review + bibliometric

analysis +
interpretive thematic

mapping

Integrates Chinese and
English literature within

a unified framework;
identifies research

evolution and thematic
structure; compares

cross‑database
differences; maps

bibliometric results onto
the established
conservation

management cycle.

Compared with existing
reviews, this study not only

focuses on thematic
evolution, but also

emphasises cross‑lingual
knowledge‑production

differences, methodological
integration, and a structural
understanding of the full
conservation‑utilisation

process in historic buildings.

4.4. Limitations and Future Research Agenda

Despite providing a comprehensive systematic review, this study has certain limita‑
tions. First, the reliance on CNKI and WOS Core Collection databases, while ensuring
literature quality, may have excluded relevant high‑quality research published in regional
journals or in languages not covered by the present search strategy. Secondly, the map‑
ping between the keyword clustering themes and the conservation management cycle is
an interpretive synthesis based on bibliometric results, rather than a fully algorithmically
generated correspondence model. Although this study has enhanced the transparency
and replicability of the analytical process through multiple measures and procedures—
including rule‑based guidance, independent judgment, literature cross‑verification, cross‑
checking, and theoretical text triangulation—this mapping still retains certain characteris‑
tics of interpretive research. Therefore, the lifecycle framework proposed in this paper is
more appropriately understood as a traceable analytical tool and a theoretical organising
device, rather than as the sole scheme for structuring the research field. Finally, despite op‑
timization, any search strategy involves an inherent trade‑off between recall and precision.

Future research could address these limitations by expanding the language scope and
literature types included in the sample, enriching the search‑term lexicon, and combining
bibliometric analysis with qualitative meta‑synthesis [108–110]. Methods such as seman‑
tic embedding, topic modeling, and full‑text analysis could also be introduced to test the
robustness of the present interpretations, especially regarding terminological asymmetry
and hidden thematic concentration. In addition, more cross‑national comparative research
is needed to develop a theoretical understanding with greater universality while remaining
sensitive to contextual variation [111–113].

5. Conclusions
Based on a systematic review and bibliometric analysis of 474 core journal articles, this

study systematically delineates the knowledge map and evolutionary trajectory of historic
building conservation and utilization research over the past two decades. The principal
contributions are as follows: (1) It reveals the four‑stage paradigm shift pattern of the field,
from “empirical restoration” to “data‑intensified assessment and emerging intelligent ap‑
plications.” (2) It characterizes the research landscape based on the WOS database as a
multi‑centric pattern of “fragmented distribution with localized clustering,” and identifies
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the coexistence of fragmented clusters and limited synergy in the collaboration network.
(3) Using keyword co‑occurrence and clustering analysis, combined with an examination
of the relevant literature, the research themes were mapped onto the conservation manage‑
ment cycle recognized in international heritage literature, thereby enhancing the theoreti‑
cal explanatory power of thematic identification. The results show that recent scholarship
is concentrated in risk assessment and conservation intervention, while adaptive reuse is
expanding and sustainable governance remains comparatively underdeveloped. (4) Tran‑
scending the limitations of single‑database reviews, the comparison between CNKI and
WOS further reveals the similarities and differences between the two databases in thematic
presentation and research pathways. (5) It identifies the current research hotspots and gaps
in this field, pointing toward future research directions.

In summary, this study contributes theoretically by clarifying how recent research is
distributed across the dimensions of value, risk, intervention, reuse, through the compari‑
son between CNKI and WOS, it further reveals the similarities and differences between the
two databases in thematic distribution and research pathways, as well as research hotspots
and future research directions. Methodologically, it combines PRISMA‑guided screening,
bilingual database comparison, bibliometric mapping, and doctrine‑informed interpreta‑
tion, thereby improving the transparency and explanatory depth of the review. Practically,
it offers an evidence‑based reference for identifying research concentrations and gaps, com‑
paring Chinese and international emphases, and informing conservation planning, adap‑
tive reuse, and long‑term governance of historic buildings.
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